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Abstract

Introduction This study aims to compare endoscopic endonasal approaches (EEAs) and transcranial approaches (TCAs) for
the surgical treatment of giant pituitary neuroendocrine tumors (GPitNETs).

Methods A systematic literature review was conducted using PubMed, Ovid MEDLINE, and Web of Science for studies
on GPitNETs treated with EEA or TCA up to April 2025, following PRISMA guidelines. Meta-analysis was performed
using random effects to estimate pooled event rates and heterogeneity. Risk of bias was assessed with the ROBINS-I tool.
Additionally, a retrospective cohort of 20 patients was included, for a total of 1,052 patients across 21 studies. Seven studies
were comparative.

Results A total of 21 studies (2010-2024) met inclusion criteria, with 1,032 patients undergoing EEAs or TCAs for GPit-
NETs. Additionally, we included a retrospective cohort of 20 patients from our institution, for a total sample of 1,052. Meta-
analysis was conducted on 7 comparative studies with a total of 273 patients. Visual improvement was significantly higher
with EEA (OR 3.73; 95% CI: 1.44-9.64; p<0.01). Gross total resection (GTR), progression rates and most postoperative
complications, including cerebrospinal fluid (CSF) leak, infection, diabetes insipidus, and hypopituitarism (HP), showed
no significant differences. However, intracranial hemorrhage (ICH) was more frequent with TCAs (OR 0.09; 95% CI:
0.02-0.45; p<0.01). Study heterogeneity ranged from low to moderate depending on the endpoint.

Conclusions Endoscopic endonasal approaches provide better visual outcomes and lower ICH risk in GPitNETs. No statisti-
cally significant differences were observed between EEAs and TCAs in terms of GTR, progressive rates, or postoperative
complications, including CSF leak, infection, diabetes insipidus, and HP.

Keywords Giant pituitary neuroendocrine tumors - Transcranial approach - Endoscopic endonasal - Systematic
reviews - Meta-analysis - Outcomes

Introduction

Giant pituitary neuroendocrine tumors (GPitNETs) are Pit-
NETs measuring>4 cm in maximum diameter, according
to the most recent WHO classification of pituitary tumors
(2022) and Pituitary Society consensus definitions [1] They

>< Edoardo Agosti
edoardo_agosti@libero.it

Division of Neurosurgery, Department of Medical and

Surgical Specialties, Radiological Sciences and Public
Health, University of Brescia, Piazza Spedali Civili 1,
25123 Brescia, Italy

Unit of Otorhinolaryngology, Head and Neck Surgery,
Department of Surgical Specialties, Radiological Sciences
and Public Health, University of Brescia, Brescia, Italy

Neurosurgery, Fondazione Policlinico Universitario A.
Gemelli IRCSS, Rome, Italy

Neurosurgery, Universita Cattolica del Sacro Cuore, Rome,
Italy

Published online: 17 February 2026

represent a significant neurosurgical challenge due to their
size, invasive behavior, and proximity to critical neurovas-
cular structures [1]. Giant pituitary adenomas are estimated
to represent 5% to 15% of all pituitary adenomas [1].

Two primary surgical approaches are employed in their
treatment: endoscopic endonasal approaches (EEAs) and
transcranial approaches (TCAs). While EEAs offers a direct
ventral route with enhanced visualization and direct access
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to the sellar and suprasellar regions, TCAs provide superior
exposure for laterally or superiorly extending tumors [2-9].

Despite EEAs having increased in recent years, the com-
parative efficacy and safety of these approaches in the con-
text of GPitNETSs remains under debate [1-3].

Unlike previous meta-analyses, this study provides
updated pooled estimates including a recent institutional
cohort, with a specific focus on visual outcomes and ICH,
which are not detailed in Tang et al. [4]. Furthermore, our
work stratifies complications and radiological features in
greater detail.

This systematic review and meta-analysis aim to com-
pare EEAs and TCAs in terms of extent of resection
(EoR), recurrence, visual improvement and postoperative
complications.

Materials and methods
Systematic review and meta-analysis
Search strategy

This systematic review and meta-analysis were conducted
in accordance with PRISMA guidelines [10]. A compre-
hensive literature search was performed in PubMed, Ovid
MEDLINE, and Web of Science. The last search was
updated on April 22, 2025. The full search strategy is pro-
vided in Supplementary Material (Fig. S1).

Study selection

Studies were considered eligible if they met the following
criteria: (1) published in English; (2) reported clinical out-
comes or postoperative complications related to GPitNETs;
(3) included direct comparisons between TCAs and EEAs;
and (4) reported at least one clinical or surgical outcome per
surgical strategy. Exclusion criteria included: (1) editorials,
reviews, conference abstracts or previously published meta-
analyses; (2) studies without stratified surgical data; and (3)
studies involving combined surgical techniques (comprising
hybrid cases).

Data extraction

Two reviewers independently extracted data using a pre-
defined template. The extracted data included: authorship,
year of publication, sample size, patient demographics (age,
sex), tumor characteristics (functioning/non-functioning,
size, Knosp grade, cavernous sinus invasion), surgical tech-
nique, EoR (gross total, subtotal, partial), visual outcomes,
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postoperative complications (e.g., cerebrospinal fluid (CSF)
leak, infections, cranial nerve deficits), use of adjuvant
radiotherapy, and follow-up duration.

Outcomes of interest

The primary outcomes were the EoR and visual
outcome. Gross total resection (GTR) was defined as
no residual tumor on postoperative imaging. Visual
improvement was defined as postoperative enhancement
in visual acuity or field, as assessed by ophthalmologic
examination. Cavernous sinus invasion was defined in
the Results section as Knosp grade III-IV. Secondary
outcomes included postoperative complications and
tumor progression referred to the combined incidence of
recurrence and regrowth. Recurrence was defined as the
reappearance or progression of tumour tissue following
GTR, whereas regrowth referred to an increase in the
size of residual tumour after subtotal (STR) or partial
resection (PR).

Risk of bias assessment

The methodological quality of the included studies was
assessed using the ROBINS-I tool (Risk of Bias in Non-
Randomized Studies of Interventions). The risk of bias was
independently assessed by two reviewers, and discrepancies
were resolved by discussion and consensus. Each study was
evaluated across multiple domains including confounding,
selection bias, deviations from intended interventions, and
measurement of outcomes. The overall risk of bias was rated
as low, moderate, or high (Fig. S2). Small-study effects or
publication bias were not formally assessed due to the lim-
ited number of studies per outcome.

Statistical analysis

Statistics were performed using R statistical software (v.
4.3.2). Descriptive statistics of the systematic review were
also performed to summarize baseline characteristics, radio-
logical data, surgical data, surgical outcomes and postopera-
tive complications of the included studies.

For the meta-analysis, the Mantel-Haenszel method with
a random-effects model was used to estimate pooled odds
ratios (ORs) for dichotomous outcomes. Heterogeneity was
quantified using the I statistic; I? values > 50% were consid-
ered indicative of substantial heterogeneity. A p-value<0.1
for Cochran’s Q test was deemed statistically significant.
Zero-event studies were handled by applying a standard
continuity correction of 0.5 in the Mantel-Haenszel ran-
dom-effects model.
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Retrospective institutional registry
Data collection

A single-center retrospective analysis was conducted and
collected patients added to meta-analysis registry. Patients
who underwent surgery for GPitNETs between January
2015 and December 2024 were included. Inclusion crite-
ria mirrored those of the systematic review: adult patients
(>or=18 years old) with histologically confirmed GPit-
NETs (>4 cm), treated with EEAs or TCAs.

This retrospective study was conducted in accordance
with the principles outlined in the 1964 Declaration of Hel-
sinki and its subsequent amendments. [11] The study proto-
col received approval from the Institutional Review Board
(approval code: IRB-5924). Given the retrospective design
of the study, the requirement for patient consent was waived
by the Institutional Review Board, as all data were anony-
mized to protect patient privacy.

Statistical analysis

Data from the retrospective institutional registry were ana-
lyzed using R statistical software (v. 4.3.2). Descriptive sta-
tistics were computed to summarize patient demographics,
clinical characteristics, and treatment outcomes. Categorical
variables were presented as percentages, while continuous
variables were reported as means with standard deviations.

Results
Systematic review
PRISMA data

A total of 567 publications were identified (150 from
Pubmed, 592 from Ovid Medline, 123 from Web of Sci-
ence). After removal of duplicates, 256 records underwent
full-text screening. Among these, 21 studies met inclusion
criteria the systematic review. Of these, 7 studies provided
direct comparative data between EEA and TCA and were
therefore included in the quantitative meta-analysis. Rea-
sons for exclusion included irrelevant topic (n=195), lack
of outcome data (n=15), absence of methodology (n=4),
and not English (n=5), literature review and meta-analysis
(n=16). The included studies encompassed clinical and sur-
gical outcomes stratified by surgical approach.

The PRISMA statement's flow chart is seen in Fig. 1.

The PRISMA Extension for Scoping Reviews (PRISMA-
ScR) checklist is available as supplementary material (Fig.
S3).

Characteristics of the included studies

Data from published retrospective studies included 1032
patients with GPitNETs, of which 919 underwent EEAs
and 113 TCAs. The mean age was similar in both groups
(EEAs: 50.5 years; TCAs: 50.3 years), though male pre-
dominance was higher in the EEAs group (EEAs: 51.9%;
TCAs: 30.9%). Functioning GPitNETs were observed in
15% of EEAs cases and 16.8% of TCAs cases.

Visual disturbances were common: combined visual field
and acuity impairment affected59% and 51.3% of the EEAs
and TCAs. Headache (EEAs: 10.5%; TCAs: 23.9%) and
hydrocephalus (EEAs: 0.9%; TCAs: 9.7%) were more fre-
quent in TCAs, while apoplexy was slightly more common
in EEAs (EEAs: 4.5%; TCAs: 1.8%).

Tumors were slightly larger in the TCAs group (EEAs:
4.6 cm; TCAs:4.9 cm). Cavernous sinus invasion (Knosp
grade I1I-1V) was present in 52.9% of EEAs and 59% of
TCAs cases. Third ventricular invasion was also more com-
mon in TCAs (EEAs: 3.6%; TCAs: 5.3%).

Gross total resection was achieved in 38.1% of EEAs and
36.2% of TCAs. Partial resections were more frequent in
TCAs (EEAs: 25.2%; TCAs: 35.4%). Progression rate was
lower in the EEAs group (EEAs: 14.2%; TCAs: 28.8%).
Adjuvant radiotherapy was reported in 8.5% of EEA and
15.6% of TCA cases.

Visual improvement was significantly higher in EEAs
(72.2%) compared to TCAs (52.2%). Field improvement
occurred in 80.9% of EEAs and 80.7% of TCAs cases; acu-
ity improvement in 62.5% of EEAs. Hormonal remission in
functioning tumors was rare (EEAs: 11.6%; TCAs: 10%).

Postoperative complications included CSF leaks (7.8%)
exclusively in the EEAs group. Diabetes insipidus (EEAs:
21.2%; TCAs: 37.2%) and HP (EEAs: 14.7%; TCAs:
32.7%) were more frequent in TCAs patients. Persistent
cranial nerve deficits occurred in 1.1% of EEAs and 5.2%
of TCAs. The mean follow-up was 31.4 months.

A summary of baseline characteristics, radiological and
surgical data, surgical outcomes, and post-operative com-
plications of the included studies reporting on EEAs and
TCAs for the surgical treatment of GPitNETs is presented
in Tables 1, 2, 3.

Meta-analysis

A summary of the studies included in meta-analysis is pre-
sented in Fig. S4. Detailed baseline characteristics of the
included studies, along with clinical and surgical outcome
data used for the meta-analysis, are available in the Supple-
mentary Material (Fig. S5-Fig. S6).
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Surgical outcomes
Gross total resection

A total number of 7 studies comprising 273 patients have
been included for the random effects meta-analysis. The
rate of GTR in the EEAs group was 100/210 (47.6%),
and it was 10/63 (15.9%) in the TCAs group. The meta-
analysis of pooled data showed a trend toward benefit
from EEAs in the rate of GTR (OR 2.65; 95% CI: 0.74—
9.5; Fig. 2); however, the result did not reach statistical
significance (p=0.14). The I? statistic of 51.9% indicated
a significant heterogeneity among included studies
(p=0.05).
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Visual outcomes

A total number of 5 studies comprising 208 patients have
been included for the random effects meta-analysis. The
rate of visual improvement in the EEAs group was 133/156
(85.3%), and it was 34/52 (65.4%) in TCAs group. The
meta-analysis of pooled data showed a significant benefit
from the EEAs in terms of improved visual function (OR
3.73;95% CI: 1.44-9.64; p<0.01; Fig. 3). The I statistic of
0% indicated no significant heterogeneity among included
studies (p=0.91).

Progression rate

A total number of 4 studies comprising 171 patients have
been included for the random effects meta-analysis. The
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Table 1 Baseline characteristics

Author  Patients Anamnestic Endocrinological data Clinical features Fol-
and year (N) data low up
Age Male Functioning  Type of Clinical presentation Visual disturbance Cra- (meanin
(mean, (N, (F)/non func- hormon (N) Acuity  field nial months)
range) %) tioning (NF) nerve
deficit
de 51 48 32, NF (39, 76%) ACTH (1, Hypopituitarism (41, 80.4%) N/A N/A N/A 12
Paivia 63%  F(12,23.6%) 8.3%) Hyperprolactinemia (18, 43%)
Neto et PRL (8, Apoplexy (13, 25.4%)
al., [3] 66.7%) Visual disturbance (38, 74.5%)
GH (3,
25%)
Guoet 15 49.5 8, NF (10, FSH (3, Headache (5, 33.3%) N/A N/A N/A N/A
al., [8] (24-63) 53.3% 66.7%) 6%) Gait disturbance (2, 13.3%)
F (5,33.3%) PRL(l, Visual disturbance (11, 73.3%)
2%)
GH (1, 2%)
Cusi- 58 EEA: EEA: NF (EEA:25, N/A Headache N/A 68,94.4% 11, 73.9
mano et 50.3 16, 86.2% EEA: 14, 48.2% 15.3%
al., [18] TCA: 55% TCA:27, TCA: 11,37.9%
53.5 TCA: 93.1%) Apoplexy:
8, F (EEA: 4, EEA: 2, 6.9%
27.6% 13.8% TCA: 2,6.9%
TCA: 2,
6.9%)
Gondim 50 N/A N/A  NF (42, 84%) PRL(3, Headache (18, 36%) N/A N/A 16, 60
etal., F (8, 16%) 37.5%) Gait disturbance and cognitive 32%
[21] GH (5, dysfunction (3. 6%), hydro-
62.5%) cephalus (3, 6%)
Visual disturbance (48, 96%)
Jura- 73 54.5 50, NF (65, 89%) N/A Hypopituitarism (47, 64.4%) 63, 55,754% 7, 8
schka et (22-48) 68.5% F (6, 8.2%) Apoplexy (6, 8.2%) 86.3% 9.6%
al., [13]
Chabot 6 56.3 N/A  N/A N/A N/A 6,100% 5, N/A 12
etal., (23-80) 83.3%
[14]
Costan- 28 46 17, NF (23, PRL (1, Endocrinopaty (16, 57%) 12,48% N/A N/A 30
tino et (15-62) 60.7% 82,1%) 20%) Headache (10, 35%)
al., [29] F(5,17.8%) GH(2, Hypogonadism (5, 17.8%),
40%) Hypothyroidism (4, 14.3%)
GH/PRL Acromegaly (1, 3.6%)
(1, 20%) Galactorrhea (1, 3.6%)
TSH (1, obstructive hydrocephalus (2,
20%) 7.1%), apoplexy (2, 7.1%)
Hanet 47 47.5 N/A  NF (EEA: 38, N/A N/A N/A N/A 2, 46.9
al., [36] 88.7% 3.2%
TCA 4,
100%)
F (7,16.3%)
Elshazly 55 55.5 35, NF (51,93%) PRL(l, Endocrinopaty (29, 52%) N/A N/A 3, 41
etal., (22-88) 64%  F (4,7.2%) 25%) Visual impairment (49, 89.1%) 5.5%
[26] ACTH (1,
25%)
GH (2,
50%)
Petoet 10 58.2 8,80% NF (8,80%) PRL (2, Headache (2, 20%) N/A 7,70% 2,20% 5.9
al., [16] F (2, 20%) 100%) Hypothyroidism (2, 20%)

Hypocortisolism (1, 10%)
Panhypopituitarism (1, 10%)
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Table 1 (continued)

Author  Patients Anamnestic Endocrinological data Clinical features Fol-
and year (N) data low up
Age Male Functioning  Type of Clinical presentation Visual disturbance Cra- (meanin
(mean, (N, (F)/non func- hormon (N) Acuity  field nial months)
range) %) tioning (NF) nerve
deficit
Shenet 37 43.6 12, NF (27, GH (8, Hydrocephalus (10, 27.0%) N/A N/A N/A 12
al., [9] 32.4% 72.9%) 80%) Visual impairment (37, 100%)
F (10,27.0%) TSH (2,
20%)
Ismail et 21 EEA: EEA: NF(EEA:9, PRL(3, Headache N/A N/A N/A 3
al., [12] 43.75 8, 75% 60%) EEA: 8, 66.7%
TCA: 66.7% TCA:7, GH (2, TCA: 7,77.8%
4711 TCA: 77.8%) 40%)
5, F (EEA: 3,
55.6% 25%
TCA: 2,
22.2%)
Ceylan 205 46.9 143,  NF (153, N/A headache (77, 37.6%) N/A N/A 5, 50.2
etal., (16-80) 69.7% 74.6%) pituitary dysfunction (165, 2.43%
[33] F (52, 25.4%) 80.5%) Visual impairment
(167, 81.5%)
Chibarro 96 522 55, NF (96, N/A Anterior pituitary insufficiency 9,9.4% 78,81.3% N/A 524
etal., (26-81) 57.3% 100%) (53, 55.2%)
[17] Headache (12 12.5%)
Drowsiness (3, 3.1%)
Jamalu- 8 38.5 5, NF (6, 75%) PRL (1, Headache (4, 50%) N/A 6,75% N/A 246
ddin et (17-52) 62.5% F (2,25%) 50%) Ataxia (2, 25%) Seizures (1,
al., [19] GH (1, 12.5%), Polyuria (2, 25%)
50%) Amenorrhea (1, 12.5%)

Fatigue (2, 25%)
Altered sensorium (1, 12.5%)
memory disturbance (1,

12.5%)
Rahimli 44 46.9, 31, NF (24, PRL (11, Headache (14, 31.8%) N/A N/A 9, 385
etal, (13-64) 70.4% 54.5%) 55%) Hypopituitarism (18, 40.9%) 20.5%
[34] F (20, 45.5%) GH (9, Apoplexy (12, 27.3%)
45%) Hydrocephalus (2, 4.5%)
Visual impairment (33, 75%)
Micko et 64 51 31, NF (57, 89%) GH (4, Headache (36, 56%) N/A N/A 7, 36
al., [35] (22-84) 48% F (7,11%) 57.1%) Hypopituitarism (26, 41%) 11%
PRL (2, Visual impairment (55, 86%)
28.6%)
ACTH (1,
14.3%)
Keetal., 84 52.6 50, N/A N/A N/A N/A N/A 12, N/A
[37] 53.2% 10.7%
Saadet 14 46.5 N/A  N/A N/A Headache (11, 78.6%) N/A N/A 4, N/A
al., [38] (25-47) Hydrocephalus (6, 42.8%) 28.6%
hypopituitarism (9, 64.3%)
Krishna 29 N/A  N/A NA N/A N/A N/A N/A N/A  NA
etal.,
2024
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Table 1 (continued)

Author  Patients Anamnestic Endocrinological data Clinical features Fol-
and year (N) data low up
Age Male Functioning  Type of Clinical presentation Visual disturbance Cra- (meanin
(mean, (N, (F)/non func- hormon (N) Acuity  field nial months)
range) %) tioning (NF) nerve
deficit
Eguiluz- 37 48.1 23, NF: 32, GH (2, Headache 22(59.5%) 36, 35,94.6% 7, 23.8
Melen- 62.2% 86.5% 40%) 97.3% 18.9%
dezet al., F:5,13.5% PRL (3,
[15] 60%)
Our 20 54.4, 13, EEA:F (8, PRL (2, Headache (5, 25.0%) EEA: EEA:13/18 EEA: N/A
institute (22-79) 65.0% 44.4%) 22.2%) Hypopituitarism (3, 15.0%) 6/18 72.2% 3/18
NF (10, FSH+LH Diplopia (2, 10.0%) gait defi- 33.3% TCA:2/2 16.7%
55.6%) (3,33.3%) cit(2, 10.0%) hydrocephalus  TCA:2/2 100% TCA
TCA:NF (1, FSH(l, (2, 10.0%) 100% 02
50%) 11.1%) 0%
F (1, 50%) LH (1,
11.1%)
TSH (1,
11.1%)
GH (1,
11.1%)

EEA=endoscopic endonasal approach, F=functioning, FSH=follicle- stimulating hormone, GH=growth hormone, N/A=not applicable,

NF=non functioning, PRL=prolactin, TCA =transcranial approach

progression rate in the EEAs group was 24/126 (19.1%) and
it was 18/45 (40%) in the TCAs group. No significant differ-
ence was detected in the progression rate between the two
groups (OR 0.33, 95% CI: 0.11-1.03; p=0.06; Fig. 4). The
I? statistics of 22.9% indicated no significant heterogeneity
among included studies (p=0.27).

Postoperative complications
Cerebrospinal fluid leak

A total number of 7 studies comprising 273 patients have
been included for the random effects meta-analysis. The rate
of CSF leak in the EEAs group was 15/210 (7.1%), and it
was 0/63 (0%) in the TCAs group. No significant difference
was detected in the rate of CSF leak between the two groups
(OR 1.51; 95% CI: 0.45-5.06; p=0.5; Fig. 5). The I* sta-
tistic of 0% indicated no significant heterogeneity among
included studies (p=0.94).

Infections

A total number of 3 studies comprising 151 patients were
included for random-effects meta-analysis. The rate of
infection in the EEAs group was 8/133 (6%), and it was
3/18 (16.7%) in the TCAs group. No significant difference
was detected in the rate of infections between the two groups
(OR 0.27; 95% CI: 0.07—1.13; p=0.07; Fig. 6). The I? sta-
tistics of 0% indicated no significant heterogeneity among
included studies (p=0.97).

Intracranial hemorrhage

A total number of 4 studies comprising 128 patients were
included for the random-effects meta-analysis. The rate of
ICH in the EEAs group was 2/84 (2.4%), and it was 8/44
(18.2%) in the TCAs group. The meta-analysis of pooled
data showed a significantly higher risk from the TCA with
respect to the rate of ICH (OR 0.09; 95% CI: 0.02-0.45;
p<0.01; Fig. 7). The I? statistic of 0 indicated no significant
heterogeneity among included studies (p=0.97).

Diabetes insipidus

A total number of 6 studies comprising 236 patients were
included for the random-effects meta-analysis. The rate of
DI in the EEAs group was 16/177 (9%), and it was 10/59
(16.9%) in the TCAs group. No significant difference was
detected in the rate of DI between the two groups (OR
0.47; 95% CI: 0.18-1.23; p=0.13; Fig. 8). The I statis-
tic of 19.6% indicated no significant heterogeneity among
included studies (p=0.32).

Hypopituitarism

A total number of 6 studies comprising 194 patients have
been included for the random effects of meta-analysis. The
rate of HP in the EEAs group was 28/137 (20.4%), and it
was 17/57 (29.8%) in the TCAs group. No significant dif-
ference was detected in the rate of DI between the two
groups (OR 0.77; 95% CI: 0.35-1.69; p=0.52; Fig. 9). The
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Table 3 Surgical outcomes and postoperative complications

Author Surgical Outcomes Postoperative Complications
and year  Extent of Resection Pro- Visual Disease CN deficit CSF CN Endocrine
gres- improvement remission if improvement leak deficit  disorders
sion functioning
rate
De Pavia GTR (21, 41%) 7, 31, 82% N/A N/A 1,2% N/A N/A
Neto et STR (30, 59%) 13.7%
al., [3]
Guo et GTR (10, 67%) 0,0% 9,82% 1,6.7% N/A N/A 1,6.7% HP (3, 20%)
al., [8] STR (5, 33%) DI (12, 80%)
Cusi- EEA: GTR (6, 21%) EEA: EEA:25, N/A EEA: 4,100% 1,3.5% N/A HP: EEA (9,
mano et  STR (23, 79%) 7,24% 86.2% MT: 4, 100% 31%)
al,, [18] TCA=GTR (0, 0%) TCA: MT: 12, TCA: 2, 100% MT (5, 35.7%)
PR (29, 100%) 9, 85.7% TCA (12,
31.0% TCA:21, 41.4%)
72.4% DI:
EEA (2, 7%)
MT (2, 16.7%)
TCA (3,10.3%)
Gondim  GTR (19, 38%) 10, 38, 76% 1,2% N/A 4,8% N/A HP (18, 36%)
etal., STR (9, 18%) 20% DI (23, 46%)
[21] PR (22, 44%)
Juraschka GTR (16, 24%) 7,9.6% Acuity: 46, N/A 5,71.4% 7,9.6% N/A SIADH (3,
etal., STR (35, 53%) 73.0% 4.1%)
[13] PR (15, 23%) Field: 34,
61.8%
Chabot et GTR (3, 50%) 0,0%  Acuity: 1, N/A N/A N/A N/A N/A
al., [14]  STR (3, 50%) 16.7%
Field: 3, 60%
Costan-  GTR (4, 14.3%) 9,32% 9, 75% 4, 80% N/A S, 1,3.6% DI (16, 57%)
tino et al., STR (14, 50%) PR (10, 35.7%) 17.8% HP (10, 35.7%)
[29]
Han et EEA: GTR (11, 25.6%) N/A EEA: (35, EEA: (3,60%) N/A EEA: N/A HP:
al., [36] STR (22, 51.2%) 81.4%) 2, EEA (1, 2.8%),
PR (10, 23.3%) TCA: (2,50%) 4.7%) TCA (0, 0%)
TCA: GTR (3, 75%) DI: EEA (1,
STR (0, 0%) 2.4%%), TCA
PR (1, 25%) (2, 50%)
Elshazly GTR (24, 44%) 6,11% 32,67% 6,20.1% 3, 100% 1,2% N/A HP (8, 15%)
etal., STR (31, 56.4%) DI (13, 24%)
[26] Apoplexy (1,
2%)
Peto et GTR (4, 40%) N/A 5,71.4% N/A N/A 7,70% N/A HP (5, 50%)
al., [16]  STR (5, 50%) DI (5, 50%)
PR (1, 10%)
Shenet  GTR (21, 57%) N/A 16, 43% N/A N/A N/A 3,8%  HP (18, 49%)
al., [9] STR (15, 40.5%) DI (20, 54%)
PR (1, 2.7%)
Ismailet TCA: GTR (1, 11.1%) N/A TCA: 2, EEA:3,100% N/A 2, 1,8.3% HP: TCA (2,
al., [12]  STR (5, 55.6%) 28.6% TCA: 1, 50% 16.7% 22.2%)
PR (3, 33.3%) EEA: 5, EEA (4, 33%)
EEA: GTR (5, 41.7%) 55.6% DI: TCA (4,
STR (3, 25%) 44.4%)
PR (4, 33.3%) EEA (3, 25%)
Ceylanet GTR (72, 35.1%) N/A 109/167, N/A N/A 8,3.9% N/A HP: (46,
al., [33] STR (133, 64.9%) 65.3% 22.4%)
DI: (16, 7.8%)
Chibbaro GTR (34, 35.4%) 16, 77,99% N/A N/A 7,7.3% N/A DI (37, 38%)
etal., STR (62 64.6%) 17% Apoplexy (2,
[17] 2.1%)
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Table 3 (continued)

Author  Surgical Outcomes Postoperative Complications

and year  Extent of Resection Pro- Visual Disease CN deficit CSF CN Endocrine
gres- improvement remission if improvement leak deficit  disorders
sion functioning
rate

Jamalu-  GTR (4, 50%) 0,0% 6,100% N/A N/A 0,0% N/A DI (2, 25%)

ddin et STR (4, 50%)

al., [19]

Rahmli et GTR (28, 64%) 4,9%  27,82% N/A 6, 66.7% 5,11% N/A DI (20, 46%)

al., [34]  STR (10, 23%)
PR (6, 14%)

Micko et GTR (18, 28%) 4,9%  41/55,74.5% N/A N/A 9,14% 2,3% HP (11, 17%)
al, [35]  STR (34, 53%) DI (14, 21.9%)
PR (12, 19%)
Keetal, EEA:GTR (49, 68.1%) EEA:  EEA: 58, N/A EEA: 7, EEA N/A  HP:EEA(,
[37] STR (15, 20.1%) 9, 87.7% 87.5% @, 9.1%)
PR (8, 11.1%) 39.1% TCA:8, TCA: 2, 5.6%) TCA (1, 10%)
TCA: GTR (3, 25%) TCA: 11.1% 66.7% TCA DI: EEA (4,
STR (3, 25%) 6, (0, 0%) 6%)
PR (6, 50%) 66.7% TCA (1,8.3%)
Saadet  EEA: GTR (7, 63.6%) EEA: N/A N/A N/A EEA: EEA: HP:
al, [38] STR (3,27.3%) 5, 3, 2, EEA (2, 18.2%)
TCA: GTR (1, 33.3%) 45.5% 277% 182% TCA(1,33.3%)
STR(1,33.3%) PR (1,333%)  TCA: TCA: TCA: DI:EEA(2,
3, 0,0% 1, 18.2%), TCA
100% 33.3% (0, 0%)
Krishna  EEA: GTR (10, 40%) NA  NA N/A N/A EEA: NA  NA
etal., STR (15, 60%) 2,8%
2023 TCA: GTR (2, 50%) TCA:
STR (2, 50%) 0, 0%
Eguiluz-  GTR (15, 40.5%) 1,2.7% Acuity: 20/36, N/A 5,71.4% 4/37,  5/28,  HP: (28,
Melendez STR (9, 24.3%) 55.6% 10.8% 17.9%  75.6%)
etal, PR (13, 35.1%) Field: 19/35, DI: (26, 70.2%)
[15] 54.3%
Our EEA: GTR (12, 66.7%) EEA:  Acuity: N/A N/A EEA: N/A  HP:EEA(9,
institute ~ STR (3, 16.7%) 3, EEA: 5, 1,5.9% 69.2%) TCA (1,
PR (3, 16.6%) 214%  83.3% TCA: 50%);
TCA: GTR (1, 50%) TCA: TCA: 1,50% 0, 0% DI: EEA (5,
STR (1, 50.0%) 0,0% Field: 31.3%) TCA (0,
EEA: 10, 0%)
76.9%

TCA: 1, 50%
EEA =endoscopic endonasal approach, GTR=gross total approach, HP=hypopituitarism, PR =partial resection, STR=subtotal resection,
SIADH=syndrome of inappropriate antidiuretic hormone secretion, TCA =transcranial approach

Fig. 2 Forest plot of GTR compar- EEA TCA

ing EEAs and TCAs for GPitNETs Study Events Total Events Total Odds Ratio OR 95%—-Cl Weight
Cusimano et al. 2012 6 29 0 29 ——=+——— 16.32 [0.87; 304.72] 11.4%
Han et al. 2017 11 43 3 4 P 0.11 [0.01; 1.22] 14.4%
Ismail et al. 2020 5 12 1 9 T 5.71 [0.53; 61.41] 14.3%
Ke et al. 2023 49 72 3 12 — . 6.39 [1.58; 25.85] 21.2%
Saad et al. 2023 7 1 1 3 —— 3.50 [0.24; 51.90] 12.5%
Krishna et al. 2023 10 25 2 4 ——— 0.67 [0.08; 5.54] 15.9%
Our institute 12 18 0 2 —r——=——— 9.62 [0.40; 231.42] 10.3%
Random effects model 100 210 10 63 == 265 [0.74; 9.50] 100.0%

Heterogeneity: /12 = 51.9%, T2 = 1.4990, p = 0.0523 f T T !
001 01 1 10 100
Favors (TCA) Favors (EEA)
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Fig. 3 Forest plot of visual EEA TCA
improvement comparing EEAs and Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
TCAs for GPitNETs Cusimano et al. 2012 2% 26 21 28 % 833 [0.95;73.29] 19.1%
Han et al. 2017 35 43 2 4 —1—+— 438 [0.53;35.91] 20.4%
Ismail et al. 2020 5 9 2 8 —— 3.75 [0.47;29.75] 21.0%
Ke et al. 2023 58 65 8 10 —r 2.07 [0.36; 11.76] 29.9%
Our institute 10 13 1 2 —— 1+ 3.33 [0.16; 70.91] 9.6%
Random effects model 133 156 34 52 <> 3.73 [1.44; 9.64] 100.0%
Heterogeneity: 12 =0.0%, 1> =0, p = 0.9108
01 051 2 10
Favors (TCA) Favors (EEA)
Fig. 4 Forest plot of progression EEA TCA
rate comparing EEAs and TCAs Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
for GPItNETs Cusiamno et al. 2012 7 29 9 29 S 071 [0.22; 225] 42.3%
Ke et al., 2023 9 72 6 12 — 0.14 [0.04; 0.54] 37.1%
Saad et al. 2023 a5 M 3 3 —————F——1— 0.12 [0.01; 2.89] 10.9%
Our institute 3 14 0] 1 —_— 0.91 [0.03;27.83] 9.6%
Random effects model 24 126 18 45 < 0.33 [0.11; 1.03] 100.0%
Heterogeneity: /2 = 22.9%, 1 = 0.4440, p = 0.2732 f T
0.01 0.1 1 10 100
Favors (TCA) Favors (EEA)
Fig. 5 Forest plot of CSF leak EEA TCA
comparing EEAs and TCAs for Study Events Total Events Total 0Odds Ratio OR 95%-Cl Weight
GPitNETs Cusimano et al. 2012 1 29 0 29 ——t+=+——— 3.11 [0.12; 79.43] 13.9%
Han et al. 2017 2 43 0 4 — 0.54 [0.02; 13.15] 14.4%
Ismail et al. 2020 2 12 0 9 — 452 [0.19; 106.70] 14.6%
Ke et al. 2023 4 72 0 12 S L 164 [0.08; 32.44] 16.4%
Saad et al. 2023 3 M 0 3 — 288 [0.12; 71.71] 14.2%
Krishna et al. 2023 2 25 0 4 —a— 0.96 [0.04; 23.48] 14.3%
Our institute 1 18 0 2 + 043 [0.01; 13.69] 12.2%
Random effects model 15 210 0 63 <:> 1.51 [0.45; 5.06] 100.0%
Heterogeneity: /% = 0.0%, ©° = 0, p = 0.9377 f T I T 1
0.01 0.1 1 10 100
Favors (TCA) Favors (EEA)
Fig. 6 Forest plot of postoperative EEA TCA
infection comparing EEAs and Study Events Total Events Total Odds Ratio OR  95%-Cl Weight
TCAs for GPItNETs Han et al. 2017 143 0 4 ; 032 [0.01:901] 17.9%
Ke et al. 2023 4 72 2 12 — 0.29 [0.05; 1.82] 60.3%
Our institute 3 18 1 2 —@———— 0.20 [0.01;4.17] 21.7%
Random effects model 8 133 3 18 <> 0.27 [0.07; 1.13] 100.0%
Heterogeneity: /2= 0.0%, = 0, p = 0.9731 f T ' !
0.01 0.1 1 10 100
Favors (TCA) Favors (EEA)
Fig. 7 Forest plot of postoperative EEA TCA
ICH comparing EEAs and TCAs Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
for GPitNETs . .
Cusiamno et al. 2012 0 29 4 29 : — 0.10 [0.00; 1.87] 28.2%
Ismail et al. 2020 0 12 2 9 ; — 0.12 [0.01;2.85] 24.8%
Krishna et al. 2023 0 25 1 4 ——— 0.05 [0.00; 1.36] 21.7%
Our institute 2 18 1 2 —a T 0.12 [0.01;2.88] 25.3%
Random effects model 2 84 8 4 O 0.09 [0.02; 0.45] 100.0%
Heterogeneity: /2= 0.0%, 1° =0, p = 0.9730 ' T T '
0.01 0.1 1 10 100

@ Springer
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Fig. 8 Forest plot of postoperative
DI comparing EEAs and TCAs for
GPitNETs

Fig.9 Forest plot of postoperative
HP comparing EEAs and TCAs for
GPitNETs
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EEA TCA
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Cusiamno et al. 2012 2 29 3 29 7 - 0.64 [0.10; 4.16] 26.3%
Han et al. 2017 1 42 2 4 0.02 [0.00; 0.40] 11.8%
Ismail et al. 2020 3 12 4 9 — 042 [0.07; 2.66] 26.8%
Ke et al., 2023 4 67 1 12 —&— 0.70 [0.07; 6.85] 17.6%
Saad et al. 2023 2 1" 0 3 —_— 1.84 [0.07;48.68] 8.6%
Our institute 4 16 0 2 — 1.80 [0.07;45.14] 8.9%
Random effects model 16 177 10 59 <.> 0.47 [0.18; 1.23] 100.0%
Heterogeneity: /% = 15.2%, 1° < 0.0001, p = 0.3162
001 01 1 10 100
Favors (TCA) Favors (EEA)
EEA TCA

Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Cusiamno et al. 2012 9 29 12 29 — 0.64 [0.22; 1.88] 53.0%
Han et al. 2017 1 36 0 4 ; 0.38 [0.01; 10.81] 5.5%
Ismail et al. 2020 4 12 2 9 S 1.75 [0.24; 12.64] 15.8%
Ke et al., 2023 3 33 1 10 —_— 0.90 [0.08; 9.75] 10.9%
Saad et al. 2023 2 1" 1 3 —s— 044 [0.03; 7.67] 7.6%
Our institute 9 16 1 2 —_— 1.29 [0.07;24.38] 7.1%
Random effects model 28 137 17 57 $‘? 0.77 [0.35; 1.69] 100.0%

Heterogeneity: 12 =0.0%, 12 =0, p = 0.9423

I? statistics of 0% indicated no significant heterogeneity
among included studies (p=0.94).

Retrospective institutional cohort
Characteristics of the included studies

Between 2015 and 2024, 20 patients with GPitNETs were
treated. Of these, 18 (90%) underwent EEAs, and 2 (10%)
underwent TCAs. The mean age was lower in the EEAs
group (53.6+£17.8 years) compared to the TCA group
(65.5+14.8 years). Most EEAs patients were male (72.2%),
while both TCAs patients were female.

Functioning PitNETs were observed in 44.4% of patients
in the EEAs group (8 of 18) and 50% in the TCAs group
(1 of 2). Visual acuity deficits and visual field defects were
more frequent in the TCAs group (100% for both visual
acuity and visual field deficit) compared to the EEAs group
(33.3% for visual acuity and 72.2% for visual field deficit).
Headache (33.3%), apoplexy (22.2%), and hydrocephalus
(5.6%) occurred only in the EEAs group, except for 1 TCAs
patient with hydrocephalus (50%). Cavernous sinus inva-
sion was detected in 27.8% of EEAs cases and in one TCAs
patient (Knosp 4). Third ventricular invasion was present in
27.8% of EEAs patients and both TCAs cases.

Gross total resection was achieved in 66.7% of EEAs
patients, while none of the TCAs patients underwent GTR.
Subtotal and partial resections were performed in 16.7% of
cases treated via the EEAs, respectively. Among cases man-
aged with the TCAs, the resection rate was equally distrib-
uted, with 50% being subtotal and 50% partial. Progression

01 0512 10
Favors (TCA) Favors (EEA)

occurred in 21.4% of EEA patients and in none of the TCA
cases. All patients with recurrence underwent a second sur-
gery, one underwent adjuvant RT. Among patients with pre-
operative visual impairment, improvement in visual acuity
and visual fields was observed in 66.7% and 76.9% of EEAs
patients, respectively. In the TCAs group, 1 patient (50%)
improved and 1 (50%) remained stable. Postoperative com-
plications in the EEAs group included CSF leak (5.6%), DI
(16.7%), HP (56.3%), ICH (5.6%), and infection (5.6%). In
the TCA group, HP, ICH, and infection each occurred in
50% of patients. The mean follow-up was 57 months.

Discussion

This systematic review and meta-analysis compared EEAs
and TCAs for GPitNETs. Endoscopic endonasal approaches
were associated with a higher rate of visual improvement.
No significant difference was found in GTR or progression
rates. An increased risk of ICH for TCAs was detected,
while no significant differences were observed in CSF leak,
infection, DI, and HP between the two approaches.

As reported by Ismail et al. [12], several anatomical
and tumor-related factors including cavernous sinus inva-
sion, anterior or lateral extension, suprasellar growth into
the third ventricle, and firm tumor consistency can limit the
possibility of achieving gross total resection. Endoscopic
endonasal approaches are favored in midline, soft tumors,
whereas TCA are often reserved for more complex or later-
ally extending lesions, or when prior transsphenoidal sur-
gery has altered anatomical landmarks [13-21]. Variants

@ Springer
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such as a poorly pneumatized sphenoid sinus or encase-
ment of vascular structures may also restrict EEAs [22].
As a result, despite the advantages of the EEA, GTR and
progression rates may remain comparable to TCA in prac-
tice, especially in anatomically complex cases [23-25]. In
these cases, adjuvant radiotherapy (RT) plays a critical role
in achieving long-term tumor control. Elshazly et al.[26]
report that although GTR was accomplished in most of
patients via EEAs, 10 out of 55 patients still required post-
operative RT to manage residual disease. As emphasized by
Gondim et al. [21], a strategy combining STR followed by
RT (3 patients out of 9 with STR, 33.3%) offers a balanced
approach that avoids surgical morbidity while maintaining
disease control. Although statistical significance was not
achieved, the lower progression rate observed after EEA
compared with TCA may have clinical relevance, as it could
reflect improved resection of midline and suprasellar lesions
through enhanced visualization and direct tumor access.

The superior visual outcomes observed with the EEAs
can be explained by tumor-induced displacement of the
optic chiasm. As described by Agosti et al. [27], a prechi-
asmatic lesion such as a pituitary adenoma can mimic a
postfixed chiasm configuration by pushing the optic chiasm
posteriorly. This displacement enlarges the infrachiasmatic
surgical corridor, making it more accessible via an endo-
nasal trajectory. Endoscopic endonasal approaches offer a
direct line of sight to this corridor from below, facilitating
safer tumor manipulation and reducing the need for brain
retraction. In contrast, TCAs are limited by the interposed
optic apparatus, particularly when the chiasm is displaced
posteriorly, thus restricting visibility and access to the tumor
base [27-29]. The superior visual outcomes observed with
EEAs likely reflect a combination of anatomical and surgi-
cal factors rather than solely a tumour-induced ‘post-fixed’
chiasm configuration. Variables such as tumour extension
pattern, consistency, cisternal expansion, and vascular rela-
tionships (particularly with the superior hypophyseal arter-
ies and ICA) play a crucial role in determining approach
feasibility and visual recovery.

Biochemical remission rates were low (11.6% for EEA
and 10% for TCA), reflecting the difficulty of achieving
hormonal control in large, invasive functioning adenomas
and the frequent need for adjuvant therapy.

Transcranial approaches have been associated with a
higher risk of ICH compared to EEA. This increased risk
is likely due to the need for brain retraction, longer opera-
tive times, and greater manipulation of vascular structures.
EEAs minimize cerebral handling and provide direct access
to the tumor, reducing vascular injury [16, 18, 25, 30].

While CSF leak is traditionally a concern with EEAs, no
significant difference (OR 1.51; 95% CI: 0.45-5.06) in CSF
leak rates was found in our meta-analysis. Improvements in

@ Springer

reconstruction techniques, including the use of vascularized
flaps and multilayer closures, have likely reduced CSF leak
rates in EEAs to levels comparable to TCAs [31-34].

Additionally, no significant differences were found
between EEAs and TCAs regarding the incidence of post-
operative infection, DI, or HP [16, 35]. These outcomes are
likely influenced more by tumor characteristics such as size,
invasiveness, and proximity to the pituitary stalk than by the
surgical approach itself [18, 36-38].

Outcomes may also be influenced by the surgical learn-
ing curve and institutional experience, as previously
reported in the literature. A staged or combined strategy
(initial EEA followed by a TCA) can optimize resection
of giant PitNETs by leveraging the strengths of each cor-
ridor, minimizing brain retraction and midline access dur-
ing EEA then addressing lateral or superior extensions with
TCA. For example, Endoscopic transcranial transdiaphrag-
matic approach in a single-stage surgery for giant pituitary
adenomas reported that a combined approach enabled safe
maximal excision of GPitNETs with extensive suprasellar
extension [39].

Limitations

Although our search strategy included PubMed, Ovid
MEDLINE, and Web of Science, the exclusion of other
major databases such as Embase and the Cochrane Library
may have resulted in the omission of relevant studies,
potentially limiting the completeness of the evidence base.
Only 7 comparative studies met the criteria for quantitative
synthesis. This limited sample size reduces the statistical
power of our findings. There is also a marked imbalance
in sample size between the EEA and TCA groups, which
represents a potential limitation and may have affected the
meta-analytical estimates. Moreover, the observed hetero-
geneity (I’=51.9%) indicates moderate statistical variabil-
ity in the GTR outcomes across studies. This may reflect
differences in study design, reporting, or baseline charac-
teristics, although not necessarily clinical heterogeneity.
Further, none of the included studies were randomized,
and most had a moderate risk of bias as assessed using
the ROBINS-I V2 tool, particularly in the domain of con-
founding, where surgical strategy was often determined by
tumor anatomy and surgeon preference without statistical
adjustment. In addition, relevant variables such as tumor
consistency, degree of vascular encasement, and intraop-
erative factors were not consistently reported across stud-
ies, precluding a more detailed analysis of their influence
on surgical outcomes. Furthermore, no meta-regression or
subgroup analyses could be performed due to insufficient
stratified data, which limits the ability to explore poten-
tial effect modifiers such as tumor size, invasion grade, or
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surgical approach selection. Histopathological, and biologi-
cal heterogeneity among GPitNETs was not accounted for,
as information on tumor subtype, proliferative markers, and
hormonal activity was inconsistently reported across stud-
ies. Additional limitations include variability in reporting
of baseline data, such as tumor consistency or cavernous
sinus invasion, and the lack of long-term follow-up data in
several studies. Due to the limited number of comparative
studies, we could not formally assess small-study effects
or publication bias, which may influence the robustness of
pooled estimates. The small number of comparative stud-
ies per outcome precluded reliable sensitivity analyses (e.g.,
leave-one-out analysis or Baujat plots) to further explore
sources of heterogeneity. Moreover, the inclusion of our
institutional cohort as one of the comparative datasets in the
meta-analysis may represent a further source of selection
bias and confounding by indication, which should be con-
sidered when interpreting the pooled results. Finally, out-
come definitions (EoR, progression, or visual improvement)
were not always standardized, which has introduced further
inconsistency in pooled estimates.

Conclusions

This meta-analysis suggests that EEAs are associated with
superior visual outcomes and a lower risk of ICH compared
to TCAs in the treatment of GPitNETs. However, no sig-
nificant differences were observed between the two tech-
niques in terms of GTR, recurrence, or other postoperative
complications. From a surgical perspective, the EEAs are
preferrable for GPitNETs associated with a postfixed optic
chiasm configuration, whereas TCAs remain indicated for
tumors with significant lateral or superior extension beyond
the endonasal corridor.
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