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Their variable clinical course and critical visual and neuroendocrine pathway

Background: Optic pathway gliomas (OPGs) are rare tumors predominantly

involvement present significant management challenges. This systematic review
aims to evaluate the role of surgical intervention in OPGs, focusing on its impact
on visual outcomes, postoperative tumor status, and treatment-related
complications.

Methods: A systematic review was conducted following PRISMA guidelines. Data
were extracted from peer-reviewed studies reporting surgical outcomes in OPG
patients, including Dodge classification, type of surgical approach, intervention
details, visual outcomes, tumor progression, progression-free survival (PFS), overall
survival (OS), and complications.

Results: A total of 13 studies comprising 661 patients were included. Dodge Type
III tumors were the most commonly reported. Surgical interventions included
biopsy, subtotal resections, gross total resection (GTR), and debulking. Visual
outcomes were variable; visual improvement was observed in a minority of cases,
stable vision was the most commonly reported outcome, and others documented
visual deterioration. Tumor status after surgery was stable in a majority of patients
(up to 62,8%). Reported PFS and OS show 5-year OS rates ranging from 84.1% to
97.7% and PFS rates from 47.7% to 70.6%, indicating high survival with moderate
variability in disease progression. Reported complications included visual loss,
endocrine dysfunction, shunt failure, and mortality in a small subset.

Conclusion: Surgical intervention in OPGs is mainly diagnostic or decompressing.
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Visual Acuity Visual improvement is uncommon; stability is more frequent. Aggressive surgery

Recurrence risks deterioration, highlighting the need for careful planning and standardized
studies to guide management.
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1. INTRODUCTION

Optic pathway gliomas (OPGs) are low-grade developmental
brain tumors originating from the pre-cortical optic
pathways that can develop at any point along the visual
pathways, involving the optic nerve, optic chiasm, optic
tracts, optic radiations, or the hypothalamus. These rare
tumors predominantly affect children, which usually
presents earlier in life at less than five years of age, and are
often associated with the inherited cancer predisposition
syndrome neurofibromatosis type 1 (NF1). The occurrence
of NF1 among patients with OPGs varies greatly, reported
between 10% and 70%, with an average incidence of 29%
(1,2).

The main treatment options for pediatric OPGs usually
involve chemotherapy, radiotherapy, surgery, or a
combination of these methods. Surgical intervention can
provide critical information for both histopathological and
molecular diagnoses. Surgery may be recommended in cases
where the tumor causes significant symptoms, such as
compression of the visual pathway leading to severe vision
problems, pain, eye protrusion (exophthalmos), or
hypothalamic infiltration by the glioma resulting in
endocrine disruption and impact on nearby structures (3).
Treating OPGs is complex due to their involvement with the
visual pathways and closeness to critical areas of the brain,
which leads to increased risk of significant neurological
damage. The primary goals of surgery are to enhance or
maintain vision, reduce the risk of complications, and
alleviate the tumor’s mass effect. Despite numerous studies
investigating these outcomes, the results have been varied
and inconsistent (4,5). This systematic review summarizes
existing evidence regarding surgical approaches, outcomes,
and complications in treating OPGs.

2. METHODS
2.1. Protocol and registration

We registered the protocol for this systematic review and
meta-analysis in International Prospective Register of
Systematic Reviews (PROSPERQO: CRD42024625772) and
adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.

2.2. Literature search and study selection

We conducted a comprehensive literature search in Google
Scholar, PubMed Central, PubMed, ScienceDirect,
Cochrane from December 4, 2014 to December 4, 2024.
Keywords and Medical Subject Headings (MeSH) terms
related to (optic nerve glioma) AND (pterional OR

subfrontal OR transcallosal OR orbitozygomatic OR
keyhole) AND (gross total resection OR complication OR
recurrence OR visual loss). Boolean operators ("AND,"
"OR") were used to refine the search.

2.3. Inclusion and exclusion criteria

We applied the PICOS (Population, Intervention,
Comparison, Outcomes, Study Design) framework to define
our study parameters. Studies that met the following criteria
were eligible for inclusion: (1) studies on pediatric (aged O-
18 years) diagnosed with optic pathway gliomas (OPGs); (2)
OPGs in patients with neurofibromatosis type-1 (NF1) and
non-neurofibromatosis type-1 (non-NF1); (3) original paper,
Randomized Controlled Trials (RCTs), cohort studies, and
case control studies; and (4) studies that were written in
English. Studies focused on adults or animal models were
not included. We also excluded studies with incomplete or
insufficient data on visual outcomes.

All search results were imported into Rayyan for de-
duplication and screening. Six reviewers independently
screened the titles and abstracts for relevance, followed by
full-text assessments of potentially eligible studies. Any
discrepancies in data extraction or bias assessment were
resolved through discussion.

2.4. Data extraction

From each publication, information was extracted regarding
first author, publication year, study location, Dodge
classification, surgical approach, surgical intervention, non-
surgical intervention, visual outcomes, tumor progression,
PFS/OS, and complications. Surgical approach is classified
into 3 categories: category 1 (midline/ interhemispheric/
callosal approaches), category 2 (lateral cortical/ sylvian
approaches), and category 3 (orbital/fronto-orbital
approaches). Gross total resection (GTR) was defined as the
removal of more than 90% of the tumor volume, subtotal
resection denotes the removal of 50-90% of the tumor
volume, and debulking involves the removal of less than
50% of the tumor volume. We examined visual outcomes
postoperatively (improved, stable, or deteriorated), tumor
progression (stable/progressive),

2.5. Quality appraisal and publication bias assessment

The risk of bias was assessed using the Risk of Bias in Non-
Randomized Studies-of Intervention (ROBINS-1) tool. Each
study was judged as having low risk, moderate risk, or
serious risk of bias across seven deviations domains: (1)
Confounding; (2) Intervention Classification; (3)
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Participant Selection; (4) Deviations from Interventions; (5)
Missing Data; (6) Outcome Measurement; and (7) Reported
Result Selection.

3. RESULT
3.1. Literature search

We found 1283 studies from 5 databases. After removing 81
duplicates, we screened 1202 abstract studies and excluded
1179 studies because of following reasons (wrong study
designs like systematic review, case report, literature review;
did not describe optic pathway glioma and surgical
approach). We dived through a full text review and decided
to exclude 10 studies because of lack of data about surgical
approach. We ultimately included 13 studies (Figure 1).

Identification of new studies via databases and registers

Records identified from:
< Databases (n = 5):
= Google scholar (n = 614) .
3 PubMed Central n = 178) —_ Remﬁ;{gﬁ"&ﬁ:ﬁ f‘:;e]”‘”g'
H PubMed (n = 88) —
§ Science Direct (n = 351)
Cochrane (n = 52)
Records screened Records excluded
(n=1,202) (n=1,179)
) i
z Reports sought for retrieval Reports not retrieved
(n=23) (n=10)
2
i
I
Reports assessed for eligibility Reports excluded:
(n=23 Inadequate data (n = 10)

3 New studies included in review
3 (n=13)
=

Figure 1. Flowchart of study selection.

Table 1 shows the characteristic of included studies. Karbe
(6) presented the largest cohort with 63 patients, all classified
as Dodge Grade III OPGs. Their multimodal approach
combining surgery and chemotherapy achieved notable
success, with 71% of patients experiencing visual

improvement and 80% achieving stable tumor control.
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Figure 2. Risk of Bias of included studies using ROBINS-I
tool.

Liao (7) studied 45 patients with exclusively Dodge Grade
III tumors, employing surgery combined with radiotherapy.
Their approach utilized predominantly Category 1 surgical
approaches (91%) with universal subtotal resection. Visual
outcomes were mixed, with only 25% showing
improvement while 28% experienced deterioration. The
study highlighted significant complications, including
electrolyte imbalance (76%) and endocrine disorders (69%).
Hill (8) examined the largest patient series with 121 subjects
across various Dodge grades, though Grade III comprised
56% of cases. Despite combining surgery with
chemotherapy, their outcomes were concerning, with 87%
showing progressive disease. Visual improvement occurred
in 50% of patients, but complication rates included
endocrine deficiency (20%) and cognitive difficulties (16%)
El Beltagy (9) analyzed 65 patients with mixed Dodge grades,
using surgery and chemotherapy. Their approach achieved
excellent tumor control (94% stable) and favorable survival
(86% fouryear overall survival). Visual outcomes were
predominantly stable (63%) with minimal improvement
(7%). Complications were relatively low, including diabetes
insipidus (5%) and seizures (3%).

Hidalgo (10) focused on 82 patients, predominantly Dodge
Grade III (91%), treated with surgery combined with
chemotherapy or radiotherapy. All patients underwent
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Table 1. Characteristics of included studies.

Author, year Study Sample Age at diagnosis NF 1 Intervention Conclusion
Title design
Karbe et al, 2024 Cohort 63 Mean: 4.6 years 8 15 underwent cyst Tumor debulking preserved but rarely
Surgical options of chiasmatic (range 0.2-16.9) drainage, 27 received restored vision, and despite 84.1% having a
hypothalamic glioma: a relevant part of VP shunts, and 69.8%  Karnofsky score >70, hormone deficiencies
therapy in an interdisciplinary approach received non-surgical (30.2%) and vision issues still affected qol.
for tumor control therapies (chemo,
radio-, or targeted
therapy).
Liao et al, 2020 Cohort 45 Mean: 6 years (P25= 0 Surgical approach: IVA and tumor size correlate with partial
The Visual Acuity Outcome and 5.00, P25 =10.50) Longitudinal fissure, resection; decompression is less effective
Relevant Factors Affecting Visual Transcallosal for tumors >43.5 cm?, but sub-50%
Improvement in Pediatric Sporadic interforniceal and resections remain safe and can improve
Chiasmatic’Hypothalamic Glioma Subtemporal approach  vision.
Patients Who Received Surgery
Hill et al, 2020 Cohort 121 Mean: 1.8 years 21 Surgical intervention Surgical patients had worse baseline and
Neurosurgical experience of managing including biopsy, final vision but improved, especially in the
optic pathway gliomas subtotal resection, better eye, highlighting a complex link
gross total resection, between surgery and visual outcomes.
cyst drainage, and
omaya reservoir
Beltagy et al, 2016 Cohort 65 Mean: 5.3 years 20 Biopsy, debulking, and ~ Surgery for OPG mainly aids diagnosis and
Treatment and Outcome in 65 Children chemotherapy symptom relief, not cure. Chemotherapy
with Optic Pathway Gliomas after surgery helps stabilize tumors and
preserve function. The combined approach
showed good four-year survival, while
surgery alone had limited impact.
Hidalgo et al, 2019 Case 83 Median 4 (0-20) 8 surgery as a first-line Surgical resection of OPGs offers moderate
Long-term clinical and visual outcomes control, treatment compared long-term benefits and good survival but
after surgical resection of pediatric retro with children with risks deficits, helping about half of
pilocytic/pilomyxoid optic pathway spective surgery as a second- children, with limited value for those
gliomas under two or with pilomyxoid tumors.
or third-line treatment.
Zipfel et al, 2022 Cohort 10 Mean: 4.9 + 3.88 4 Surgical ressection of ~ Complete resection of Dodge I intraorbital
Surgical Management of Pre-Chiasmatic Median 3.0 Dodge I OPG tumor OPGs via transfrontal or
Intraorbital Optic transorbital/supraorbital approaches is
Netve Gliomas in Children after Loss of safe, effective, controls tumors well, avoids
Whsuedl permanent damage, normalizes
Function’Resection from Bulbus to exophthalmos, relieves pain, improves
Chiasm cosmetics, and may eliminate chemo or
radiation.
Yang et al, 2021 Case 86 Median at surgery 6 0 surgical excision with ~ Resection of OPGs through an optic nerve
Comparison of two surgical methods for ~ control years (range 1-6) and without incising sheath incision reduces postoperative
the treatment of optic pathway gliomas Retro the optic nerve sheath  complications and leads to better surgical
in the intraorbital segment: an analysis of ~ spective using the trans fronto-  outcomes
long-term clinical follow-up, which orbiral approach
evaluates the surgical outcomes
Abdulgader et al, 2018 Case 4 Mean: 15.5 years 0 endoscopic endonasal ~ The endoscopic endonasal approach (EEA)
Endoscopic transnasal resection of optic ~ series approach offers direct access to OPGs with

pathway pilocytic astrocytoma

acceptable tumor resection and visual
outcomes, though hypothalamic-pituitary
dysfunction remains a key treatment
limitation.
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Li et al, 2025 Case 13 Median: 3.92
The Use of Diffusion Tensor Imaging in  series
the Differentiation and Surgical
Planning of Suprasellar Hypothalamic-
Opticochiasmatic Glioma and
Craniopharyngioma in Children
Menon et al, 2020 Cohort, 20 Mean: 12.8 years
Clinical presentation and outcome of retro
patients with optic pathway gliomas: A spective
series of twenty patients
Li et al, 2024 Cohort 12 Mean: 13.92 years
Prechiasmatic Transection of the retro
Unilateral Dodge Class I Optic Pathway spective
Glioma without Neurofibromatosis Type
1: Technical Description and Clinical
Prognosis
Aihara et al, 2018 Cohort 14 Mean: 12.57,
Pediatric Optic Pathway/Hypothalamic retro Median: 11.5 + 6.90
Glioma spective

(case

series)
Liu et al, 2018 Retro 125 Mean: 6.7 (0.75-17)
Analysis of Survival Prognosis for spective

Children with Symptomatic Optic
Pathway Gliomas Who Received Surgery

0 Surgical excision Both biopsy and partial ressection in
including biopsy and Dodge II and III OPG shows favorable
partial resection outcome and reducing symptoms in most

of the cases

4 Tumor ressection Surgery alone is insufficient for treating
followed by adjuvant OPGs, emphasizing the need for more
radiotherapy and adjuvant therapy, which were underutilized
chemotherapy in this cohort.

0 prechiasmatic For OPG Dodge I patients without NF-1,
ressection without radical prechiasmatic resection of the
adjuvant treatments tumor is possible, without the need for

adjuvant therapy

0 Tumor ressection Surgical treatment of Dodge III OPGs

offers excellent long-term survival, but the
risk of vision loss requires careful balance
between tumor control and preserving
function.

3 Sub-total ressection Postoperative radiotherapy, age over 3

followed by adjuvant
radiotherapy and
chemotherapy

years, and lower tumor grade predict better
outcomes. In STR, chemo and
radiotherapy help optimize results.

subtotal resection, achieving moderate visual improvement
(11%) and stability (44%). Their long-term survival data
showed 5-year progression-free survival of 55% and overall
survival of 87%, with hormone deficits affecting 22% of
patients.

Zipfel (11) reported on a smaller cohort of 10 patients using
Category 3 surgical approaches with multimodal therapy.
They achieved impressive gross total resection rates (70%)
and tumor control (70% stable). Complications were
primarily cosmetic, including enophthalmos and ptosis
(20% each).

Yang (12) studied 86 patients with exclusively Dodge Grade
III tumors, employing Category 3 microsurgical approaches
with universal debulking. Their tumor control was excellent
(98% stable), though visual outcomes were not reported.
However, complications were substantial, with ptosis
affecting 78% and upward eye movement disorders in 85%
of patients (12).

Bin Abdulgader (13) presented the smallest series with 4
patients, all Dodge Grade III, treated with endoscopic
surgery and radiotherapy. While visual outcomes remained
stable in all patients, tumor control was achieved in 75%.
Complications were significant, including hydrocephalus
(75%), hypopituitarism (50%), and meningitis (50%).

Li (14) examined 13 patients, predominantly Dodge Grade
I (92%), using Category 1 surgical approaches. Their
conservative approach included biopsy (31%) and subtotal
resection (69%), achieving visual improvement in 15% and
stability in 46%. Endocrine complications occurred in 15%
of patients.

Menon (15) studied 20 patients with mixed approaches,
predominantly Category 2 (90%). Despite surgery and
radiotherapy, tumor control was mixed (45% stable, 55%
progressive), though 86% achieved threeyear overall
survival. Visual stability was achieved in 75% of patients,
with complications including hydrocephalus (20%) and
infection (15%) (15). Li(16) presented unique outcomes in
12 patients with exclusively Dodge Grade I tumors using
Category 3 approaches. Their complete resection strategy
achieved universal tumor control and visual stability, with
only transient ptosis affecting 42% of patients.

Aihara (17) studied 14 patients with all Dodge Grade III
tumors using Category 1 approaches. They achieved tumor
control and visual stability in 71% of patients with minimal
endocrine complications (7%).

Liu et al (2018) analyzed the second-largest cohort with 125
patients across mixed Dodge grades, combining surgery with
radiotherapy. Their extensive resection approach (82%)
achieved good tumor control (77% stable) and
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Table 2. Summary of the patient characteristics.

Study N Surgical Dodge Primary Extent of Visual Tumor Control Survival Major Complications
Approach Grade II1 Treatment ressection Outcome N(%) N(%) (OS/PFS) N(%)
N(%) N(%) N(%)
Karbe et al., 63 NR Dodge 11T Surgery + biopsy 20 42 (71%) 47 (80%) Stable 4 (6%) 19 (33%) Hormone
(2024) 63 (100%) Chemo (32%), Improved Mortality deficits
Debulking
43 (68%)
Liao et al., 45 Category 1 Dodge 111 Surgery + RT STR 45 improve eyes 23 NR NR 34 (76%) Electrolyte
(2020) 41091%), 45 (100%) (100%) (25%), stable imbalance, 31 (69%)
Category 2 43(47%), endocrine disorder
4(9%) deteriorated
24(28%)
Hill et al., 121 NR Dodge I Surgery + GTR 4 34 (50%) 105 (87%) NR 10 (20%) Endocrine
(2021) 12(9%), 11 Chemo (3%) Improved progressive defficiency , 8 (16%)
41(34%), 111 Cognitive difficulty
68 (56.%)
El Beltagy et 65 NR Dodge I Surgery + GTR 9 5 (7%) 61 (94%) Stable 86% 4-yr 3 (5%) DI, 2 (3%)
al., (2016) 18(27%), 11 Chemo (14%) improve, 41 oS Seizures, 1(1%)
25(39%) 111 (63%)stable pontine mylinolisis
22 (34%)
Hidalgo et 82 NR Dodge I Surgery + STR 82 9 (11%) NR 5-year PFS: 18 (22%) hormone
al., (2019) 0(0%), 11 Chemo/RT (100%) improved, 36 55% deficit
7(9%), 111 (44%) stable 10-year
75 (91%) PFS: 46%
5-year OS:
87%
10-year OS:
78%
Zipfel et al., 10 Category 3, NR Surgery + GTR NR 7 (70%) Stable NR 2(20%)
(2022) 10 (100%) Chemo/RT 7(70%) Enophthalmos,
2(20%) Ptosis
Yang et al., 86 Category 3, Dodge I1I Microsurgery debulking NR 84 (98%) Stable NR 67 (78%) Ptosis, 73
(2021) 86 (100%) 86(100%) 86(100%) (85%) upward eye
movement disorder,
Bin 4 Category 1, Dodge I1I endoscopic STR 4(100%) Stable 3(75%) Stable NR 3(75%)
Abdulgader 4 (100%) 4(100%) Surgery + RT 4(100%) Hydrocephalus,
et al., (2019) 2(50%)
Hypopituitarism,
2(50%) meningitis
Lietal., 13 Category 1 Dodge I Surgery Biopsy 4 improve NR NR 2 (15%) Endocrine
(2025) 13(100%) 0(0%), 11 (31%), 2(15%), stable
1(8%), 111 STR 6(46%)
12(92%) 9(69%)
Menon et al., 20 Category 2 Dodge [ Surgery + RT 2(10%) 15 (75%) Stable 9 45%) Stable, 86% 3yr 4(20%)
(2020) 18(90%), 0(0%), 111 11(55%) oS Hydrocephalus,
Category 3 4(20%) progressive 3(15%) Infection
2(10%)
Lietal, 12 Category 3 Dodge [ Surgery 12(100%) 12(100%) 12(100%)Stable NR 5(42%)Transient
(2024) 12(100%) 12(100%), Stable ptosis
11(0%) , 111
0(0%)
Aihara et al,, 14 Category 1 dodge I1I Surgery NR 10(71%) Stable 10(71%) Stable NR 1(7%) Endocrine
(2018) 14(100%) 14(100%) disorder
Liu et al,, 125 NR Dodge I Surgery + RT 103 (82%) NR 96(77%) Stable 84% S5yr 56(45%) Transient
(2018) 9(7%), 11 oS Electrolyte
72(58%), 111 disturbance, 16(13%)
44(35%) intracranial Infection

STR= Subtotal ressection; GTR= Gross Total Ressection; RT= Radiotherapy; PFS=Progression Free survival; OS= Overall Survival; NR= Not Replenishable
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favorable five-year overall survival (84%). However,
complications were notable, including electrolyte
disturbances (45%) and intracranial infections (13%).

4. DISCUSSION

Optic pathway glioma (OPG) is a rare neoplasm and a
defining feature of neurofibromatosis type 1 (NF1), a tumor
suppressor genetic disorder (18). OPG predominantly arises
during childhood. The topographical classification of
Dodge (19) can be used to describe the extension of OPG
(grades LIII). Dodge I: tumor invasion is restricted to optic
nerve, Dodge II: tumor invades the chiasm with or without
invasion of the optic nerve(s), and Dodge III: tumor invades
the optic tract with or without invasion of the hypothalamus
(19). The modified Dodge classification helps clarify tumor
location and predict clinical outcomes, including vision and
hormonal dysfunction, especially in NFl-associated cases
(20-22).

Optic pathway gliomas (OPGs) are managed using a
multimodal approach that may include surgery,
chemotherapy, radiotherapy, or combinations of these
treatments, with some cases monitored without
intervention as shown in Table 2. Treatment is complicated
by the tumors’ proximity to critical visual and brain
structures. OPGs involving the optic chiasm are particularly
prone to complications such as bitemporal vision loss and
endocrine disorders like precocious puberty (20-22).
Surgery is indicated for removal of the tumor, also curative
and was more frequently done previously, it is often
impractical or discouraged because of the tumor’s critical
location and potential for significant complications. There
is no doubt that surgical decompression is effective in
certain circumstances: for large tumors, especially those
causing hydrocephalus, for patients experiencing visual
impairment due to compression of the visual pathway by
tumors, and for individuals with endocrine dysfunction. In
a cohort of young patients classified as high-risk due to poor
prognosis, it has been observed that a positive treatment
outcome can be attained through appropriate surgical
decompression, also more effective with chemotherapy
and/or radiotherapy. (5,23,24).

Radiation therapy is effective for optic pathway gliomas
(OPGs) but is rarely used in clinical practice due to its severe
side effects on vision, cognition, and hypothalamic
functions. Positive outcomes have been shown in older
children and adolescents, with 10-year progression-free
survival rates of 69-89%, but it also led to long-term

endocrine issues, cerebrovascular problems, poor visual

outcomes, secondary cancers, and cognitive impairments,
particularly in younger patients with developing brains.
Recent advancements in radiation techniques aim to
minimize exposure to healthy tissues, including conformal
treatment, fractionated stereotactic radiation therapy,
proton beam therapy, and stereotactic radiosurgery.
However, due to serious long-term side effects especially in
younger children and those with NF1 it is reserved for select
cases like unresectable tumors, low cognitive risk areas, or
progressive disease unresponsive to chemotherapy (5,21,25).
The combination chemotherapy of vincristine and
carboplatin has emerged as the predominant firstline
treatment for ONGs. In patients with NF1 receiving
vincristine/carboplatin, the 3-year progression-free survival
(PFS) rate stands at 77%. The treatment protocol is typically
well accepted, although as many as 40% of patients may
experience hypersensitivity reactions to carboplatin. An
alternative treatment regimen that includes thioguanine,
procarbazine, lomustine (CCNU), and vincristine (TPCV)
demonstrated a nonsignificant trend towards enhanced
event-free survival when compared to
carboplatin/vincristine in patients with NF1. Nevertheless,
individuals with NF1 have a higher susceptibility to
leukemia, and there exists a risk of secondary leukemia
associated with both CCNU and procarbazine. Therefore,
while TPCV may be beneficial for patients with sporadic
OPG:s, it is advisable to avoid its use in those with NF1. The
optimal treatment duration is unclear. While chemotherapy
can slow tumor growth, it often does not lead to significant
long-term recovery of visual function (2,5,25).

The relationship between Dodge classification and
treatment approach is supported by several studies. Li (26)
demonstrated that Dodge Grade 1 tumors could be
effectively managed with surgery alone, achieving complete
tumor control and visual stability. In contrast, studies
focusing on Dodge Grade III tumors, such as Karbe (27),
Liao (28), Hill (29), Hidalgo (30), and Yang (12), highlight
the need for multimodal treatment combining surgery with
chemotherapy and/or radiotherapy to improve outcomes.
These Grade III cases often show mixed visual results,
higher complication rates, and require more aggressive
management. Other studies like El Beltagy (31) and Liu (32)
on mixed Dodge grades also support the use of combined
therapies for more advanced tumors.

The development of midline surgical approaches for optic
pathway gliomas (OPGs) has evolved significantly over the
past several decades, driven by the complex anatomical
challenges these tumors present. Early in the evolution of
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OPG surgery, most surgeons demonstrated a continued
preference for medial approaches, likely due to the increased
operating time and complexity required to manipulate the
periorbita and lacrimal gland and to dissect through the fat
compartment in the central surgical space (33).
Contemporary data validates this historical preference, as
evidenced by consistent adoption rates across multiple
institutions: Liao (28) utilized midline approaches in 41/45
patients (91%), while Bin Abdulgader (34), Li (14), and
Aihara (24) employed midline approaches exclusively in
their respective cohorts of 4, 13, and 14 patients (100%
each).

The anatomical rationale for midline approaches became
increasingly clear as surgeons gained experience with OPG
management. Winkler (35) provided early insights into the
transcallosal interforniceal approach, demonstrating that
this technique permitted definition of surgical approach
pathways that preserve important anatomic structures, such
as the motor strip, genu of the corpus callosum, fornical
commissure  (hippocampal =~ commissure),  anterior
commissure, and fornical columns (35). However, these
early studies also revealed significant limitations, as Winkler
(35) reported that although the loss of verbal learning and
recognition is difficult to quantify, it occurs in up to 25%-
33% of patients after the transcallosal interforniceal
approach. Modern clinical data corroborates these
concerns, revealing that midline approaches are associated
with endocrine complications in 15-76% of cases (including
electrolyte imbalance and hypopituitarism), hydrocephalus
in 20-75% of patients, and CNS infections in 15-50% of
cases, highlighting the systemic morbidity profile that
accompanies these techniques.

Building upon these foundational concepts, subsequent
investigators refined the understanding of midline approach
applications. The anterior interhemispheric
translaminaterminalis (AIHTL) approach was developed to
address specific anatomical challenges, as Aihara (24)
demonstrated that this technique enables surgeons to
understand the anatomical relation between the tumor and
hypothalamus, while acknowledging that the space under
the optic nerves and chiasma remains blind (24). Notably,
Aihara (24) clinical series of 14 patients with 100% Dodge
Grade III tumors exclusively utilized midline approaches,
demonstrating the preferential selection of this technique
for high-grade, complex OPGs where hypothalamic
preservation is paramount.

The application of midline approaches became more
sophisticated with improved understanding of tumor
growth patterns. (36) established that when tumors grow
into the third ventricle, usually as an exophytic central

tumor component with hypothalamic tissue at the base and
sides, the preferred approach to surgery is a midline
transcallosal, interforniceal approach, to enter the third
ventricle and visualize this exophytic tumor component
within the third ventricle (36). This indication-specific
approach represented a significant advancement in surgical
planning and execution, moving beyond general preferences
to evidence-based decision making that acknowledges the
fundamental trade-off between visual and systemic
complications.

Critical evidence supporting midline approaches emerged
from comparative studies examining visual outcomes.
Midline approaches, such as interhemispheric transcallosal
and interhemispheric subfrontal approaches, may have
advantages in preserving visual function, as the optic fibres
are displaced lateral to OPGs (37). This finding was further
substantiated by (38), which showed that without a midline
approach, ipsilateral vision frequently deteriorates, while in
their study of 34 tumor removal cases using midline
approaches in 27 cases, deterioration of visual function after
surgery occurred in only 3 cases Ahn (38). These findings
align with contemporary understanding that midline
approaches result in lower visual complications compared to
orbital approaches, establishing a clear visual versus systemic
trade-off where midline approaches accept higher endocrine
and hypothalamic complications in exchange for preserved
vision.

Samples provided a comprehensive analysis of the technical
advantages of midline approaches, noting that the midline
interhemispheric approach may be preferred when tumor
debulking is focused on the third ventricle, as this approach
facilitates identification of a plane between the tumor and
the ventricular wall, which decreases the risk of
hypothalamic injury. However, challenges associated with
the interhemispheric approach include a relatively narrow
operative corridor, risk of forniceal injury, and difficulty
visualizing/accessing inferior tumor, which is close to the
optic pathway (39). Recent developments have introduced
variations to traditional midline approaches. Mavridis (40)
described how the anterior transcallosal transseptal
interforniceal approach to the third ventricle, as a variation
of the standard transcallosal interforniceal approach, has
been considered applicable to other pathologies in the third
ventricle or hypothalamic region and to be advantageous
compared with standard transcallosal approach to the third
ventricle (40). The understanding of approach angles,
noting that a more medial and superior angle of attack can
be achieved with this approach, allowing a panoramic view
of the floor of the third ventricle, though the working
distance of instruments is longer than in the translamina
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terminalis supra-tegmental approach (41). Modern literature
acknowledges that the transcallosal interforniceal approach
is associated with inherent complications, including
cognitive deficits, emotional disturbances and shortterm
memory loss (41,42), confirming the contemporary clinical
observation that midline approaches maintain visual
function at the cost of higher endocrine and hypothalamic
morbidity.

The evolution of lateral neurosurgical approaches
demonstrates a complex interplay between technical
innovation and clinical necessity spanning several decades. .
Goodden's early observations indicated that pterional
approaches were strategically reserved for patients with
significant lateral exophytic tumor components, establishing
a precedent for selective application based on anatomical
considerations rather than routine implementation (36).
As surgical techniques evolved, the trans-sylvian approach
emerged as a refinement of lateral access methods. This
approach provides access through a constrained surgical
corridor bounded by the internal carotid artery, optic nerve,
and infundibulum (43,44). This anatomical limitation
fundamentally restricts visualization and access to medially
positioned surgical targets, creating inherent technical
challenges that influence surgical decision-making. The
narrow working space identified by these authors correlates
with the selective utilization patterns observed in
contemporary series.

The morbidity profile associated with lateral approaches
became more clearly defined through subsequent clinical
studies. (45) research documented risk rates approaching
30% with trans-sylvian approaches, necessitating sacrifice of
sylvian bridging veins. Uwaifo and Olli further characterized
specific complications including increased rates of transient
third nerve palsy, postoperative central diabetes insipidus,
and hyperphagia. These findings provided objective data
supporting the cautious application of lateral approaches
observed in clinical practice.

Contemporary utilization patterns reflect this accumulated
understanding of technical limitations and associated risks.
Liao et al. (2020) demonstrated a conservative 9%
utilization rate for lateral approaches, contrasting markedly
with concurrent 90% utilization in the same year (46). This
dramatic variance suggests significant institutional
differences in case selection criteria or surgical philosophy
rather than temporal evolution in technique.

Recent innovations continue to expand the applications of
lateral approaches while acknowledging persistent
limitations. Kondo's work on lateral approaches for optic
nerve tumors demonstrated reduced hospitalization
requirements compared to transcranial alternatives,

suggesting evolving clinical benefits (47). However, the
narrow operative field constraints acknowledged by these
authors highlight ongoing technical challenges that may
influence surgeon preference. The systematic review
findings of 20% hydrocephalus and 15% infection rates
must be interpreted within this context of selective
application and inherent technical complexity, suggesting
that complication rates reflect the challenging nature of
these procedures rather than inadequate technique.

The orbital and fronto-orbital approaches to optic pathway
gliomas have undergone significant technical evolution,
with contemporary data demonstrating their emergence as
the predominant surgical strategy for specific tumor
subtypes. Early descriptions of combined transcranial and
orbital approaches, established the foundational concept of
en bloc resection with preservation of the annulus of Zinn
for debulking proptotic blind eyes (48).

The development of multiportal variants, as described by de
Simone, represents a significant advancement in surgical
sophistication. These approaches facilitate access to diverse
anatomical territories including the middle cranial fossa,
anterior cranial fossa, petrous apex, and cavernous sinus
through orbital navigation. The transorbital endoscopic
approach (ETOA) further refined these techniques by
reducing temporal lobe retraction requirements and
minimizing temporalis muscle mobilization, addressing
previous limitations of extensive tissue manipulation (49).
Contemporary utilization patterns demonstrate remarkable
consistency across multiple high-volume centers. Yang (50)
series of 86 patients achieved 100% orbital approach
utilization, representing the largest documented cohort.
This pattern was replicated by Zipfel (51) (10/10 patients)
and Li et al. (12/12 patients) respectively, suggesting
widespread adoption of orbital approaches as the preferred
technique (16). The notable exception in Menon (52) series
(2/20 patients, 10%) likely reflects specific selection criteria
or institutional preferences rather than temporal differences
in technique availability.

The morbidity profile associated with orbital approaches
reveals a distinct pattern of predominantly visual
complications rather than systemic sequelae. Yang (53)
comprehensive analysis documented ptosis in 77.9% of
patients, with upward eye movement disorders affecting
84.9% of cases. Additional complications included
downward movement disorders, abduction and adduction
deficits (27.9% each), and conjunctival edema (29.1%).
These findings align with the systematic review data
demonstrating 78-85% rates of ptosis and eye movement
disorders, establishing a consistent complication profile
across multiple series.
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The technical advantages of orbital approaches become
apparent when considering their application to specific
tumor characteristics. Supraorbital keyhole approaches for
anterior skull base extensions demonstrate enhanced tissue
collection capabilities compared to traditional stereotactic
methods (54,55). Zipfel analysis revealed that while
transorbital approaches with orbital rim removal provide
adequate exposure for intraorbital tumor components,
viewing angles remain insufficient for tumor removal
extending from the conus into the optic canal (51).

The preferential use of orbital approaches for high-grade
tumors, as identified in the systematic review, reflects the
technical capability to achieve more extensive resections
while maintaining acceptable morbidity profiles. The
notably lower systemic complication rates (7-20%)
compared to visual complications suggest that orbital
approaches effectively minimize hypothalamic and vascular
risks while accepting ocular morbidity as an acceptable trade-
off for oncological control.

The management of pediatric optic pathway gliomas (OPGs)
necessitates a careful consideration of postsurgical
complications, which are significantly influenced by the
extent of surgical intervention, tumor location (often
correlated with Dodge classification), surgical technique,
and specific tumor growth patterns. Evidence from the 13
studies included in this review indicates that more extensive
resection surgeries are associated with a higher incidence of
post-operative neurological deficits and complications
impacting quality of life (6,7). These findings are supported
by Goodden et al. (2014), who, while noting the potential
efficacy of surgical debulking, reported a spectrum of
surgical methods and associated risks, including a patient
death from infective complications of a tumor biopsy and
the frequent need for shunt insertion to manage
hydrocephalus.

The anatomical location of the OPG plays a critical role in
the type and likelihood of complications; tumors involving
the optic chiasm and/or hypothalamus (Dodge types II
and/or III) are associated with a higher risk of endocrine
dysfunction, as detailed by (56), which corroborates the
observations of Hill (29) regarding the exacerbation of pre-
existing endocrine dysfunction following resection
surgeries.  Furthermore, = complications  such as
hypopituitarism, meningitis, and CSF leak are specifically
linked to approaches like the endoscopic transnasal method
(13). The choice of surgical technique and the tumor's
growth pattern also impact outcomes, with studies
demonstrating lower morbidity with specific approaches like
optic nerve sheath incision (12). Beyond these, a range of
complications, including postoperative infection and visual

deterioration, often in the form of visual impairment
changes or oculomotor nerve palsies resulting from optic
nerve resection, are consistently reported (14,15,57). The
high risk of vision loss from even diagnostic biopsies further
underscores the critical balance between diagnostic certainty
and the potential for iatrogenic damage to the visual
pathway in OPG management (58). Collectively, these
findings emphasize the complex decision-making process
and the necessity for individualized treatment plans to
mitigate postsurgical risks while maximizing therapeutic
benefits in this vulnerable pediatric population.

In conclusion, the surgical management of OPGs in
children is fraught with potential complications, spanning
visual deficits, endocrine disturbances, and neurological
issues. The complexity of the disease, its location, and the
various treatment modalities all contribute to the variability
in outcomes. Advances in surgical techniques (e.g., DTI
guided surgery) and a thorough understanding of the
tumor’s characteristics and Dodge classification are crucial
in mitigating these complications and improving patient
outcomes. A multidisciplinary approach, as mentioned by
Aihara (17), is vital to optimize treatment strategies and

minimize long-term sequelae.

4.1. Visual outcome

Our data suggests that combination of surgery and
chemotherapy generally offers a favorable outlook for visual
improvement. Karbe (6) observed a substantial 71%
improvement in vision even with less extensive resections
like debulking or biopsy. This finding is reinforced by Hill
(29), who reported 50% improvement despite a low gross
total resection (GTR) rate. This indicates that
chemotherapy, in conjunction with surgical decompression,
actively contributes to visual recovery. However, the efficacy
can be variable. El Beltagy (31) found 63% stable visual
outcomes with only 7% visual improvement, even 9 out of
65 patients undergoing gross total resection (GTR). This
suggests that factors beyond the treatment type, such as
initial nerve damage and tumor characteristics, may
influence the degree of visual recovery (59). Similarly,
Hidalgo (30), employing sub-total resection (STR) with
chemotherapy or radiotherapy as adjuvants, noted a mix of
improved (11%) and stable (44%) visual outcomes. This
variability underscores that the precise chemotherapy
regimen, tumor characteristics, and the initial state of visual
impairment likely modulate the extent of visual recovery.

Combination of surgery and radiotherapy presents a more
heterogeneous range of visual outcomes. While Liao (28)
reported improvements (25%) and stable visual outcomes
(47%) with STR, a significant proportion (28%) also
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experienced visual deterioration. This highlights the
potential for radiation-induced optic neuropathy, which can
counteract the benefits of tumor decompression. This risk
often makes treating teams reluctant to employ
radiotherapy, especially now that chemotherapy and surgery
have also demonstrated efficacy (36). In contrast, Menon
(52) achieved 75% stable vision, and Bin Abdulqader (34)
reported 100% stable vision with endoscopic surgery and
radiotherapy, both primarily involving STR. The differences
observed likely stem from variations in specific radiation
parameters, tumor location, and patient characteristics.
Surgery alone or microsurgery primarily leads to stable visual
outcomes, suggesting a role in preventing further decline
rather than active improvement. Li (16) and Aihara (24)
reported 100% and 71% stable visual outcomes respectively
with surgical intervention. Li (14) also showed a majority
46% with stable vision and some improvement (15%). This
indicates that surgical decompression alone can effectively
stabilize vision, and in some cases, lead to improvement,
potentially by alleviating mass effect (36,60). However, in
NF-1 patients, surgical excision can inevitably cause
blindness on the affected side (61). The role of surgery to
improve vision remains unproven unless it addresses
critically raised intracranial pressure or direct compression
of optic nerves by a cyst (36). While surgical debulking has
been described to preserve vision in cases of exophytic
growth patterns or when neoplastic infiltration primarily
involves meninges (62). Surgical resection alone for optic
nerve tumors is often favored, as tumors involving the
chiasm and optic pathways present a more difficult
challenge (60).

The relationship between the extent of resection (EOR) and
visual outcomes is not always straightforward. GTR might
be expected to yield superior visual results due to maximal
tumor removal, but the available data does not consistently
support this. For example, Hill (8) reported 50% improved
vision with a very low GTR rate (3%). Meanwhile, El Beltagy
(63) observed predominantly stable (63%) and limited
improved (7%) visual outcomes with a higher GTR rate
(14%). This suggests that achieving GTR may not be the sole
determinant of visual success. Instead, factors such as the
initial state of the optic nerve, surgical techniques, and the
impact of adjuvant therapies appear to be more critical (60).
Conversely, Subtotal Resection (STR), debulking, or biopsy
often demonstrate significant visual improvement,
particularly when integrated with adjuvant therapies. Karbe
(27) achieved a remarkable 71% improved vision with
biopsy or debulking combined with chemotherapy. These
finding highlights that even partial tumor removal can
effectively alleviate optic nerve compression, with

subsequent chemotherapy or radiotherapy contributing to
visual recovery by targeting residual tumor (60). Liao (7),
with STR with radiotherapy, reported a mixed picture of
improvements and deteriorations, underscoring the
potential for radiation-related side effects. Similarly,
Hidalgo (10),

chemotherapy/radiotherapy observed a combination of

employing STR with

improved and stable outcomes. This emphasizes that even
limited surgical intervention can initiate visual recovery by
reducing mass effect, with adjuvant therapies playing a
crucial role in enhancing and sustaining these benefits.

In conclusion, the evidence suggests that visual outcomes in
pediatric OPGs are influenced by a complex interplay of
primary treatment modalities and the extent of resection.
While combination therapies, particularly surgery with
chemotherapy, show promise for visual improvement,
surgery alone tends to stabilize vision. Radiotherapy, while
effective, carries a risk of visual deterioration. The extent of
resection, especially STR or debulking combined with
adjuvant therapies, can lead to significant visual recovery.
Ultimately, the preservation of visual acuity is the primary
goal of treatment (59,64,65). A  personalized,
multidisciplinary approach, with careful consideration of
initial visual function and the specific risks and benefits of
each treatment component, is essential for optimizing visual
outcomes in children with OPGs (18,36,66). Poor visual
function at presentation is often a predictor of poor final
visual outcome (36).

5. LIMITATION

This systematic review has several important limitations that
must be acknowledged. The included studies demonstrated
significant heterogeneity in data reporting, with limited and
inconsistent information on key variables such as optic
pathway glioma grading systems, as not all studies
consistently employed standardized tumor classification
schemes. Variations in operator technique and surgical
experience across different centers introduced potential
confounding factors that may influence outcomes
interpretation. Therefore, further studies are needed to
discuss the relationship between surgical techniques used in
OPG patients and postoperative visual outcomes. Future
research should aim to distinguish between outcomes of
patients with NF1 and those without NF1.

6. CONCLUSION

Surgical intervention in OPGs serves both diagnostic and
therapeutic purposes but carries a risk of significant

morbidity. Patient selection, tumor location, and surgical
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approach are critical in optimizing outcomes. Multimodal
management and individualized treatment planning remain
essential. Further prospective, standardized studies are
necessary to establish definitive guidelines.
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