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Introduction: The transcranial approach (TCA) has historically been used to

remove craniopharyngiomas. Although the extended endoscopic endonasal

approach (EEA) to these tumors has been more commonly accepted in the

recent two decades, there is debate over whether this approach leads to better

outcomes. The goal of this systematic review and meta-analysis was to more

comprehensively understand the benefits and limitations of these two

approaches in craniopharyngioma resection based on comparative studies.

Methods: We conducted a systematic literature search in accordance with the

Preferred Reporting Items for Systematic reviews and Meta-Analyses

recommendations using MEDLINE, EMBASE, and the Cochrane Library. A total of

448 articles were screened. Data were extracted and analyzed using proportional

meta-analysis. Eight comparative studies satisfied the inclusion criteria. The extent

of resection, visual outcomes, and postoperative complications such as endocrine

dysfunction and cerebrospinal fluid (CSF) leakage were compared.

Results and discussion: Eight studies, involving 376 patients, were included.

Resection by EEA led to a greater rate of gross total resection (GTR) (odds ratio

[OR], 2.42;p=0.02; sevenstudies)withan incidenceof61.3%vs. 50.5%andahigher

likelihood of visual improvement (OR, 3.22; p < 0.0001; six studies). However, TCA

resulted in a higher likelihood of visual deterioration (OR, 3.68; p = 0.002; seven

studies), and was related, though not significantly, to panhypopituitarism (OR, 1.39;

p = 0.34; eight studies) and diabetes insipidus (OR, 1.14; p = 0.58; seven studies).

AlthoughTCA showed significantly lower likelihoodsofCSF leakage (OR, 0.26; 95%

confidence interval [CI], 0.10–0.71;p=0.008;eight studies)compared toEEA, there
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wasnosignificantdifference inmeningitis (OR,0.92;95%CI,0.20–4.25;p=0.91; six

studies) between the two approaches. When both approaches can completely

resect the tumor, EEA outperforms TCA in terms of GTR rate and visual outcomes,

with favorable results in complications other than CSF leakage, such as

panhypopituitarism and diabetes insipidus. Although knowledge of and

competence in traditional microsurgery and endoscopic surgery are essential in

surgicaldecision-making forcraniopharyngiomatreatment,whenbothapproaches

are feasible, EEA is associated with favorable surgical outcomes.

Systematic review registration: http://www.crd.york.ac.uk/PROSPERO/,

identifier CRD42021234801.
KEYWORDS

craniopharyngioma, endoscopic endonasal approach, transcranial approach,
metaanalysis, systematic review
1 Introduction

Craniopharyngiomas are calcified embryonic tumors

originating from the pituitary gland’s anterior lobe, from

epithelial remnants of squamous cell rests of Rathke’s pouch (1,

2). Although craniopharyngiomas are histologically benign (World

Health Organization grade I), their complete resection without

neurological injury is challenging due to the tumor location

(suprasellar, often superiorly extending into the third ventricle)

and their relation to critical neurovascular structures, such as the

pituitary gland, hypothalamus, infundibulum, ophthalmological

systems, internal carotid artery and its branches, anterior cerebral

artery-anterior communicating artery complex, basilar artery and

its branches, and brain stem (3, 4). Symptoms are often related to

surrounding structural compression or infiltration and may include

visual disturbance, especially bitemporal hemianopsia, endocrine

dysfunction, headache, and hydrocephalus (5).

The primary aims of treatment include tumor elimination;

functional outcomes, such as visual, pituitary, and hypothalamic

functions; favorable cognitive outcome; and quality of life.

Traditionally, the transcranial approach (TCA) has been used to

successfully remove these craniopharyngiomas. TCA procedures

include the classical craniotomies such as pterional,

orbitozygomatic, bifrontal interhemispheric, unilateral subfrontal,

and supraorbital approaches (6). However, these approaches have a

higher risk of visual impairment, stroke, and other neurologic

complications from brain retraction and neurovascular structure
etes insipidus; EEA,

esection; GTR, Gross

onal studies; PICO,

RE, Random-effects;

.
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manipulation (7, 8). Recently, it was shown that removing

craniopharyngiomas in the retrochiasmatic space that extended

superiorly into the third ventricle could be accomplished

successfully using the purely extended endoscopic endonasal

approach (EEA) through the transplanum transtuberculum

corridor. Through a subchiasmatic corridor, this approach

provides a wide surgical view and allows direct access to tumors

without brain retraction and neurovascular structure manipulation

(4). However, TCA has surgical advantages over EEA since it avoids

damage to the nasal canal or traversing a contaminated field and

provides a larger view of lateral tumor extension. The European

AssociationofNeurosurgical Societies recommended theuse ofTCA

for craniopharyngiomas presenting lateral extensions or that are

purely intraventricular, whereas the use of EEA was recommended

for purely intrasellar craniopharyngiomas (9).

The approach chosen is determined based on the tumor’s

location, pathology, consistency, and proximity to the pituitary

stalk and optic chiasm; involvement of the third ventricle; history of

prior surgeries; and the surgeon’s inclination based on experience

and feasibility. Although both approaches are expected to remain

feasible options for the treatment of craniopharyngiomas based on

presentation, a growing number of case-series reports have

provided evidence indicating specific surgical complications that

are unique to each approach. Although previous meta-analyses

have analyzed each approach (10, 11), comparative studies between

TCA and EEA on this topic are rare. Comparative studies provide

precise clinical descriptions that can be compared in a meta-

analysis. To our knowledge, no meta-analysis has dealt with

cranipharyngioma outcomes. Thus, the goal of this systematic

review and meta-analysis was to collect all currently accessible

evidence, including solely comparative studies, and determine

whether there are any differences in clinical outcomes between

TCA and EEA used to treat craniopharyngiomas.
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2 Methods

2.1 Reporting guidelines and
protocol registration

The guidelines of the Meta-analysis of Observational Studies

in Epidemiology (MOOSE) (12) and the Preferred Reporting

Items for Systematic Reviews and Meta-analysis guidelines were

used in our investigation (13). The protocol was registered at

http://www.crd.york.ac.uk/PROSPERO/ (CRD42021234801).

We developed a question that was based on population,

intervention, comparison, and outcome (PICO). We conducted

a critical evaluation based on the literature search and compiled

the qualifying studies; their results were subsequently analyzed

in a meta-analysis. The PICO question was as follows: Do

patients with craniopharyngioma (population) treated

surgically by EEA (intervention) compared to those treated by

TCA (comparator) differ in surgical outcomes (outcome)?
2.2 Search strategy

Two expert reviewers (M. Na and B. Jang) conducted a

literature search on July 28, 2020. The search included the

MEDLINE and EMBASE databases via the Ovid interface, as

well as the Cochrane library with no language restriction.

Additionally, we manually searched the references of qualified

studies to identify relevant research on July 30, 2022.

The following Medical Subject Headings terms were used to

search all comparative studies in all logical permutations:

“craniopharyngioma,” and; “transcranial,” or “craniotomy,”

and “endoscopic,” or “endonasal” (Supplementary Table 1).

We incorporated all publications that described prospective or

retrospective cohort studies that addressed our PICO question.
2.3 Study selection

All studies from the literature search were registered into a

reference management software, Endnote X8 (Clarivate

Analytics, Philadelphia, United States). Two reviewers (M. Na

and B. Jang) separately selected the studies based on predefined

selection criteria after checking the title, abstract, and type of

each article.

The exclusion criteria were as follows: inappropriate control

in comparative studies, < 15 patients in the study, irrelevant

results, duplicate data, letters, comments, editorials, case reports,

reviews, or meta-analyses, and animal studies. After comparing

the title, authors, and year of publication of all studies, we

eliminated duplicate articles. On disagreement between the
Frontiers in Oncology 03
two reviewers, a third reviewer (K. Choi) intervened, and

disagreements were debated until a consensus was reached.

The full text of eligible publications was obtained after

ineligible abstracts were removed and subjected to rigorous

screening using the same inclusion and exclusion criteria.
2.4 Data extraction

Two reviewers (M. Na and B. Jang) independently extracted

the pertinent patient data from the included studies.

Disagreements between the reviewers were discussed till a

consensus was reached. The following variables were extracted:

the first author’s name, country, year of publication, study

design, inclusion period, number of patients, type of TCA,

tumor size, preoperative symptoms, and operative outcomes

(extent of resection [EOR], visual outcome, hormonal outcome,

complication outcomes: endocrine disorders, cerebrospinal fluid

[CSF] leak, and others).
2.5 Risk of bias in individual studies

The methodological quality of eight selected studies was

examined separately by two reviewers (M. Na and B. Jang) who

were blinded to the authorship and journal using the Risk of Bias

Assessment Tool for Non-randomized Studies (14). Unresolved

differences among reviewers were addressed through discussion

or review by the third author.
2.6 Statistical analysis

For each relevant outcome, the mean difference and odds ratio

(OR) were utilized as summary statistics. The results of interest were

described as forest plots; the weighted mean difference or OR, 95%

confidence interval (CI), and relative weightings were represented

by the middle of the square, horizontal line, and relative size of the

square, respectively. A random-effects model was utilized to

estimate pooled outcome measures from individual data of

included studies. I2 statistics were used to determine the

proportion of discrepancies between studies, with values of 25%,

50%, and 75% deemed as low, moderate, and high, respectively (15).

We used Review Manager version 5.4.1 (Cochrane

Collaboration, Oxford, UK) to perform the statistical analysis

for both main and sub-group analyses, and a P-value < 0.05 was

considered statistically significant. Additionally, meta-regression

was performed to analyze the gross total resection (GTR) rate in

endocrinologic complication trends using web-r (http://www.

web-r.org).
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3 Results

3.1 Study selection and characteristics of
included studies

Our literature search yielded eight eligible studies. On scanning

the database, 447 records were found, and an additional study was

identified from another source (Figure 1); 318 studies were assessed

for eligibility after 130 duplicates were removed. Following this,

295 studies were eliminated after evaluating both titles and

abstracts because of irrelevance to our study, leaving 23

potentially relevant studies. The full-text articles of these 23

studies were then obtained. We excluded 15 studies including

systematic reviews (n = 9), those with irrelevant outcomes (n = 3),

and non-comparative studies (n = 3), leaving eight studies (376

patients) to be included in the final meta-analysis (3, 4, 16–21).

The eight retrospective observational studies (OS) were

published between 2008 and 2020 with an enrollment period

that ranged from 2000–2019 (Table 1). All tumor resections were

performed in a single institution in all studies. When reported, the

overall cohort’s mean age was 43.0 years, with a higher proportion

of women (52%). The TCA group included a variety of methods,

including pterional, orbitozygomatic, supraorbital, subfrontal, and

transcallosal approaches. Although the descriptions in each article

varied, intrasellar and significant laterally extended lesions were
Frontiers in Oncology 04
excluded, and tumors amenable to both approaches were included

(Table 1). Therefore, we excluded 25 intrasellar tumors in one

study (4) to reduce differences in inclusion criteria between the

studies. Finally, the total number of patients was 401 and 376 in

the systematic review and meta-analysis, respectively. Among 376

patients, 212 (56%) and 164 (44%) were surgically resected using

EEA and TCA, respectively (Table 2). The most frequent

presenting symptoms were visual disturbance (78%),

hypopituitarism (48%), and headache (33%) (Figure 2).
3.2 Extent of resection

EOR was assessed in seven studies. We defined GTR as an

event, and EEA demonstrated significantly higher likelihood of

GTR (OR, 2.42; 95% CI, 1.13–5.17; p = 0.02; I2 = 35%). The

incidence of GTR was 80/130 (61.5%) and 149/193 (77.2%) in

TCA and EEA, respectively (Figure 3).
3.3 Visual outcomes

When compared to TCA, EEA demonstrated significantly

higher likelihood of visual improvement (OR, 3.22; CI, 1.87–5.53;

p < 0.0001; I2 = 0%; six studies); the incidence of visual
FIGURE 1

Flow diagram of identification of relevant studies.
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improvement was 34/104 (32.7%) and 108/178 (60.7%) in TCA

and EEA, respectively (Figure 4A).When utilizing TCA compared

to EEA, there was a significantly higher likelihood of visual

deterioration (OR, 3.68; CI, 1.60–8.49; p = 0.002; I2 = 0%; seven

studies), with an incidence of 20/138 (14.5%) and 9/195 (4.6%) in

TCA and EEA, respectively (Figure 4B).
3.4 Surgical complications

3.4.1 Endocrine disorders
There was no significant difference between TCA and EEA

with respect to panhypopituitarism (OR, 1.37; 95% CI, 0.56–

3.33; p = 0.49; I2 = 46%; six studies), with an incidence of 55/103

(53.4%) and 43/94 (45.7%), respectively. In terms of diabetes

insipidus (DI), there was no significant difference between TCA

and EEA (OR, 1.18; 95% CI, 0.74–1.89; p = 0.48; I2 = 0; six

studies), with an incidence of 71/147 (48.3%) and 73/183

(39.9%), respectively (Figure 5).

3.4.2 CSF leakage and meningitis
When compared to EEA, TCA demonstrated a significantly

lower likelihood of CSF leakage (OR, 0.26; 95% CI, 0.10–0.71; p
Frontiers in Oncology 05
= 0.008; I2 = 0%; eight studies), with an incidence of 2/164 (1.2%)

and 21/212 (9.9%) in TCA and EEA, respectively (Figure 5).

When EEA patients were divided into two groups according to

the start date of the study period, the CSF leakage rate was

reduced from 16.7% (14/84, five studies) before 2010 to 5.5% (7/

128, three studies) after 2010 (Supplementary Figure 1). In terms

of meningitis, there was no significant difference between TCA

and EEA (OR, 0.92; 95% CI, 0.20–4.25; p = 0.91; I2 = 15%; six

studies), with an incidence of 3/94 (3.2%) and 4/101 (4.0%),

respectively (Figure 5).
3.5 Meta-regression analysis:
Relationship between GTR and
occurrence of endocrine disorders

Compared to EEA, TCA showed higher linear association

between GTR and occurrence of panhypopituitarism (slope, 0.98;

p = 0.048 vs. slope, 0.4; p=0.062) (Figure 6A). There was a linear

association between GTR and occurrence of DI in TCA (slope,

0.69; p = 0.059), whereas an inverse association between GTR and

occurrence of DI in EEA (slope, -0.12; p = 0.734) was

observed (Figure 6B)
TABLE 1 Characteristics of studies included in the systemic review.

Author,
Year

Country Study
design

Study
period

Number of
patients

Male Age
(years)

Mean follow-
up (months)

Transcranial
type

Tumor location
(Inclusion/Exclusion)

Fatemi, 2008
(18)

USA R, 1
institution
1 surgeon

2000 -
2008

22 12 43.6 23.7 Supraorbital Excluded parasellar lesions
deemed unresectable by the
endonasal route

Jeswani, 2016
(17)

USA R, 1
institution
NR

2000 -
2013

53 28 45.2 34.6 Bifrontal
Pterional
OZ
transcallosal

Included midline suprasellar/
third ventricular lesions
Excluded intrasellar lesions

Moussazadeh,
2016 (3)

USA R, 1
institution
surgeons

2000 -
2015

26 7 50.8 35.2 Pterional Included suprasellar lesions
whose lateral extent does not
pass the carotid bifurcation

Wannemuehler,
2016 (16)

USA R, 1
institution
NR

2005 -
2015

21 13 50.1 10.5 Pterional
OZ
Bifrontal
Transcallosal

Included tumors that were
amenable to both approaches
confirmed by another surgeon
Excluded significant lateral
extension

Ozgural, 2018
(15)

Austria R, 1
institution
surgeons

2013 -
2017

24 15 32.3 NR Pterional
OZ

Excluded intrasellar lesions

Li, 2018 (19) China R, 1
institution
4
surgeons

2011 -
2015

43 23 41.6 8.8 Pterional
Supraorbital
Subfrontal

Included only if the
neurosurgeon confirmed that the
tumor was amenable to both
EEA and TCA

Marx, 2020 (20) Germany R, 1
institution
1 surgeon

2001 -
2018

30 14 41 90.6 Pterional
Supraorbital
Transcallosal

Excluded intrasellar lesions

*Lei, 2020 (4) China R, 1
institution
NR

2013 –

2019
182 82 42.3 33 Pterion

Subfrontal
*We excluded intrasellar lesions
frontiersin.or
R, retrospective; EEA, endoscopic endonasal approach; TCA, transcranial approach; OZ, orbitozygomatic; NR, not reported.
*We excluded 25 intrasellar type craniopharyngiomas in quantitative synthesis (meta-analysis) which were resected by EEA alone to reduce differences from inclusion criteria in other studies.
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3.6 Risk of bias of the included studies

Using the Risk of Bias Assessment Tool for Non-randomized

Studies system, the eight OS showed a low risk of bias in

intervention measurement and blinding of outcome assessment

and a high risk of bias in the selection of participants and

confounding variables (Supplementary Figure S2A). Incomplete

outcome data and selective outcome reporting were high risks of

bias in two (20, 21) and four studies (Supplementary Figure S2B)

(4, 16, 20, 21), respectively.
Frontiers in Oncology 06
4 Discussion

This systematic review and meta-analysis examined surgical

outcomes of craniopharyngiomas treated with EEA and TCA.

To the best of our knowledge, this is the first meta-analysis

providing direct comparison based on comparative studies. We

found that compared to TCA, EEA showed favorable EOR and

visual outcomes. EEA also showed less likelihood of endocrine

disorders, although this was not statistically significant.

Compared to EEA, TCA showed less likelihood of CSF
TABLE 2 Tumor size, pathology, and extent of resection in patients with craniopharyngioma.

. Approach Number
of

patients

Size Extent of resection Pathology

Volume,
cm3 mean

(SD)

Length,
mm mean

(SD)

GTR,
n (%)

NTR,
n (%)

STR,
n (%)

Adamantinomatous,
n (%)

Papillary,
n (%)

Mixed,
n (%)

Fatemi, 2008
(18)

TCA 4 – 32 (14) 0 2 2 – – –

EEA 18 – 31 (15) 3 9 6 – – –

Jeswani, 2016
(17)

TCA 34 9.5 (11.6) – – – – 23 9 2

EEA 19 9 (9.8) – – – – 11 5 3

Moussazadeh,
2016 (3)

TCA 5 13.9 (7.8) – 2 3 0 3 0 2

EEA 21 8.5 (5.9) – 19 2 0 7 3 11

Wannemuehler,
2016 (16)

TCA 12 7.8 (5) – 7 0 5 11 1 0

EEA 9 4.6 (4.7) – 5 0 4 6 2 1

Ozgural, 2018
(15)

TCA 13 37.9 (22.4) 4 1 8 – – –

EEA 11 24.6 (17.9) 9 0 2 – – –

Li, 2018 (19) TCA 26 – 29.5 (9.5) 17 0 9 11 11 4

EEA 17 – 25.2 (8.3) 11 0 6 6 8 3

Marx, 2020 (20) TCA 13 – 43 11 3 – – –

EEA 17 – – 92 7 1 – – –

*Lei, 2020 (4) TCA 57 – – 7 0 6 – – –

EEA 100 – – 10 0 7 – – –
front
GTR, gross total resection; NTR, near total resection; STR, sub-total resection; TCA, transcranial approach; EEA, endoscopic endonasal approach; SD, standard deviation.
FIGURE 2

Bar plots representing the proportion of signs and symptoms in patients with craniopharyngioma in the included studies.
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leakage, while the occurrence of meningitis was not significantly

different between the approaches. These results suggest that

when both approaches are feasible, EEA has favorable

surgical outcomes.

Currently, the optimal management for treating patients

with craniopharyngioma is controvers ia l . GTR of

craniopharyngioma was formerly considered to be challenging

due to perioperative complications; therefore, sub-total resection

(STR) followed by adjuvant radiotherapy was deemed as an

alternative treatment option (7, 22). Although STR followed by

adjuvant radiotherapy and GTR had comparable disease control

rates, long-term complications after radiotherapy, such as

hypopituitarism and cognitive impairment, have emerged (23).

As a result, surgery remains the mainstay of treatment and offers

radical resection, which maximizes the possibility of oncological
Frontiers in Oncology 07
cure (6, 8, 24, 25). The ability to accomplish GTR is an important

factor in deciding surgical approaches. Liu et al. (6) emphasized

the importance of a tailored approach for individual patients

depending on the extent of the tumor and its proximity to

neighboring structures in determining the optimal treatment

strategy. TCA provides direct access to the parasellar

compartments and is useful for tumors that extend laterally

beyond the internal carotid artery bifurcation (3). However, EEA

provides direct access to the anterior skull base and is

appropriate for intrasellar lesions (26). In this study, EEA

resulted in a significantly higher likelihood of GTR in lesions

where both approaches are viable (77.2% vs 61.5%; OR, 2.24; p =

0.02). EEA allows for direct visualization and dissection of

tumors and adhesive neurovascular structures, increasing the

likelihood of complete resection.
A

B

FIGURE 4

Forest plots comparing odd ratios (ORs) of visual outcomes following TCA vs. EEA in craniopharyngioma patients. (A) Visual improvement and
(B) Visual deterioration. TCA, transcranial approach; EEA, endoscopic endonasal approach; CI, confidence interval; SD, standard deviation.
FIGURE 3

Forest plot comparing odd ratios (ORs) of extent of resection following TCA vs. EEA in craniopharyngioma patients. TCA, transcranial approach;
EEA, endoscopic endonasal approach; CI, confidence interval; SD, standard deviation.
frontiersin.org

https://doi.org/10.3389/fonc.2022.1058329
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Na et al. 10.3389/fonc.2022.1058329
Endocrine dysfunction adversely affects health-related

quality of life and seems inevitable after surgery (27–29). The

pituitary stalk connects the pituitary gland to the hypothalamus

and maintains the hypothalamic-pituitary function (2). The

relationship between the tumor and stalk is critical for
Frontiers in Oncology 08
postoperative endocrine dysfunction, and the Kassam

classification focused on this relationship (30). Dho et al. (2)

reported that trans- and retro-infundibular tumors were

associated more with endocrinological deterioration than pre-

infundibular tumors according to the Kassam classification, and
FIGURE 5

Forest plots comparing odd ratios (ORs) of complications following TCA vs. EEA in craniopharyngioma patients. TCA, transcranial approach; EEA,
endoscopic endonasal approach; CI, confidence interval; SD, standard deviation; CSF, cerebrospinal fluid.
A B

FIGURE 6

Scatter plot and linear-regression analysis between gross total resection and panhypopituitarism (A) and diabetes insipidus (B).
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centrally located tumors were significantly associated with

endocrinological deterioration than peripherally located

tumors. A previous meta-analysis found that patients treated

with GTR had a considerably higher incidence of

panhypopituitarism and DI than those treated with STR (27).

In this study, there was no significant difference in the incidence

of panhypopituitarism and DI between TCA and EEA. In a

linear regression, the incidence of panhypopituitarism and DI

increased significantly with increasing GTR ratio in TCA,

whereas the incidence of panhypopituitarism increased slightly

and DI showed a tendency to decrease with increasing GTR ratio

in EEA. Compared to TCA, EEA allows for a more direct view of

the skull base, allowing for early identification of the pituitary

stalk and GTR while preserving the stalk. Chen et al. (31)

reported that when craniopharyngiomas were resected via

EEA, stalk preservation significantly lowered endocrine

dysfunction without decreasing the rate of GTR and without

increasing the rate of tumor recurrence.

We found that EEA resulted in a significantly higher likelihood

of visual improvement when compared to TCA (60.7% vs. 32.7%, p

< 0.0001), whereas TCA resulted in a significantly higher likelihood

of visual deterioration when compared to EEA (14.5% vs. 4.6%, p =

0.002), and the results were comparable to those reported in a

previous meta-analysis (11). These results support the evidence

that EEA has an advantage over TCA by increasing visual

improvement but reducing visual deterioration. Stefko et al. also

demonstrated that EEA improves the visual field as well as visual

accuracy (32). This is because EEA allows for early decompression

of the optic apparatus without retraction and superior visualization

of superior hypophyseal arteries originating from the internal

carotid artery.

CSF leakage was shown to be statistically more prevalent in

EEA compared to TCA (9.9% vs. 1.2%, p = 0.008). When EEA was

originally introduced, the increased possibility of postoperative CSF

leakage was a major complication. To access the tumors, EEA

penetrates through the nasal cavity and deconstructs the anterior

skull base due to the pathway of the approach. However, with the

introduction of skull base reconstruction techniques using a

pedicled vascularized nasoseptal flap, first introduced in 2006, this

risk has been considerably decreased to approximately 5% (33, 34).

In our study, it was confirmed that the CSF leakage rate was as low

as 5.5% in the studies with a study period after 2010 (33, 34). The

development of multi-layer skull base reconstruction techniques,

including gasket-seal, artificial collagen dura mater, and artificial

bone substitute, and increased surgeon experience are expected to

further reduce the rate of CSF leakage.
4.1 Strengths and limitations

This meta-analysis adhered strictly to its selection criteria

and the Preferred Reporting Items for Systematic Reviews and

Meta-analysis guidelines. This study has several strengths. First,
Frontiers in Oncology 09
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resection using TCA vs. EEA are uncommon, we only

incorporated this type of research to avoid intra-study

variability which affects indirect comparisons, improve the

validity of the results, and provide summary statistics. Second,

we could reduce selection bias because most of the studies

attempted to include tumors that were amenable to both

approaches. Lei et al. (4) reported four types based on the

location of the tumors, and we excluded the intrasellar type to

avoid violating the inclusion criteria of other studies.

However, our study has some limitations. First, all included

studies were retrospective in nature. Second, two of the eight

studies reported incomplete outcome data and had selective

outcome reporting, such as tumor size, pathology, and adjuvant

radiotherapy. (Supplementary Figure 2B). However, missing

data were not analyzed in this study and did not significantly

impede the conclusions. Third, we were unable to analyze other

complications such as hydrocephalus, nerve injury, cerebral

infarction, cognitive dysfunction, and hemorrhage, as only a

few studies have reported these parameters for their patients.

Therefore, it is important to carefully interpret the results of this

study, and a further well-designed study is warranted.
4.2 Conclusions

We found that when both approaches can completely

resect the tumor, EEA outperforms TCA in terms of GTR

rate and visual outcomes, as well as favorable results in

terms of complications other than CSF leakage, such as

panhypopituitarism and DI, considering the meta-regression

results. Although knowledge of and competence in traditional

microsurgery and endoscopic surgery are essential in surgical

decision-making for craniopharyngioma treatment, when both

approaches are viable, EEA is associated with favorable

surgical outcomes.
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8. Yaşargil MG, Curcic M, Kis M, Siegenthaler G, Teddy PJ, Roth P. Total
removal of craniopharyngiomas. approaches and long-term results in 144 patients.
J Neurosurg (1990) 73:3–11. doi: 10.3171/jns.1990.73.1.0003

9. Cossu G, Jouanneau E, Cavallo LM, Elbabaa SK, Giammattei L, Starnoni D,
et al. Surgical management of craniopharyngiomas in adult patients: A systematic
review and consensus statement on behalf of the EANS skull base section. Acta
Neurochir (2020) 162:1159–77. doi: 10.1007/s00701-020-04265-1

10. Qiao N. Endocrine outcomes of endoscopic versus transcranial resection of
craniopharyngiomas: A system review and meta-analysis. Clin Neurol Neurosurg
(2018) 169:107–15. doi: 10.1016/j.clineuro.2018.04.009

11. Komotar RJ, Starke RM, Raper DM, Anand VK, Schwartz TH. Endoscopic
endonasal compared with microscopic transsphenoidal and open transcranial
resection of craniopharyngiomas. World Neurosurg (2012) 77:329–41.
doi: 10.1016/j.wneu.2011.07.011

12. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-analysis of observational studies in EpidemiologyA proposal for reporting.
JAMA (2000) 283:2008–12. doi: 10.1001/jama.283.15.2008

13. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP,
et al. The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and elaboration. PloS
Med (2009) 6:e1000100. doi: 10.1371/journal.pmed.1000100
14. Kim SY, Park JE, Lee YJ, Seo HJ, Sheen SS, Hahn S, et al. Testing a tool for
assessing the risk of bias for nonrandomized studies showed moderate reliability and
promising validity. J Clin Epidemiol (2013) 66:408–14. doi: 10.1016/j.jclinepi.2012.09.016

15. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med (2002) 21:1539–58. doi: 10.1002/sim.1186

16. Ozgural OMD, Kahilogullari GMDP, Dogan I, Al-Beyati ESM, Bozkurt M,
Tetik B. Single-center surgical experience of the treatment of craniopharyngiomas
with emphasis on the operative approach: endoscopic endonasal and open
microscopic transcranial approaches. J Craniofac Surg (2018) 29:e572–8.
doi: 10.1097/SCS.0000000000004592

17. Wannemuehler TJ, Rubel KE, Hendricks BK, Ting JY, Payner TD, Shah
MV, et al. Outcomes in transcranial microsurgery versus extended endoscopic
endonasal approach for primary resection of adult craniopharyngiomas. Neurosurg
Focus (2016) 41:E6. doi: 10.3171/2016.9.FOCUS16314

18. Jeswani S, Nuño M, Wu A, Bonert V, Carmichael JD, Black KL, et al.
Comparative analysis of outcomes following craniotomy and expanded endoscopic
endonasal transsphenoidal resection of craniopharyngioma and related tumors: A
single-institution study. J Neurosurg (2016) 124:627–38. doi: 10.3171/
2015.3.JNS142254

19. Fatemi N, Dusick JR, de Paiva Neto MA, Malkasian D, Kelly DF. Endonasal
versus supraorbital keyhole removal of craniopharyngiomas and tuberculum sellae
meningiomas. Oper Neurosurg (2009) 64:269–84; discussion 284-6. doi: 10.1227/
01.NEU.0000327857.22221.53

20. Li X, Wu W, Miao Q, He M, Zhang S, Zhang Z, et al. Endocrine and
metabolic outcomes after transcranial and endoscopic endonasal approaches for
primary resection of craniopharyngiomas. World Neurosurg (2019) 121:e8–e14.
doi: 10.1016/j.wneu.2018.08.092

21. Marx S, Tsavdaridou I, Paul S, Steveling A, Schirmer C, Eördögh M, et al.
Quality of life and olfactory function after suprasellar craniopharyngioma surgery-
a single-center experience comparing transcranial and endoscopic endonasal
approaches. Neurosurg Rev (2021) 44:1569–82. doi: 10.1007/s10143-020-01343-x

22. SughrueME, Yang I, Kane AJ, Fang S, Clark AJ, Aranda D, et al. Endocrinologic,
neurologic, and visual morbidity after treatment for craniopharyngioma. J Neurooncol
(2011) 101:463–76. doi: 10.1007/s11060-010-0265-y

23. Kiehna EN, Merchant TE. Radiation therapy for pediatric craniopharyngioma.
Neurosurg Focus (2010) 28:E10. doi: 10.3171/2010.1.FOCUS09297

24. Okada T, Fujitsu K, Ichikawa T, Miyahara K, Tanino S, Uriu Y, et al. Radical
resection of craniopharyngioma: Discussions based on long-term clinical course
and histopathology of the dissection plane. Asian J Neurosurg (2018) 13:640–6.
doi: 10.4103/ajns.AJNS_258_16

25. Elliott RE, Hsieh K, Hochm T, Belitskaya-Levy I, Wisoff J, Wisoff JH.
Efficacy and safety of radical resection of primary and recurrent
craniopharyngiomas in 86 children. J Neurosurg Pediatr (2010) 5:30–48.
doi: 10.3171/2009.7.PEDS09215
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2022.1058329/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1058329/full#supplementary-material
https://doi.org/10.1210/er.2006-0002
https://doi.org/10.3171/2017.4.JNS162143
https://doi.org/10.3171/2016.9.FOCUS16299
https://doi.org/10.1007/s10143-020-01370-8
https://doi.org/10.3171/2018.6.JNS18901
https://doi.org/10.3171/2016.9.FOCUS16284
https://doi.org/10.1002/hed.21771
https://doi.org/10.3171/jns.1990.73.1.0003
https://doi.org/10.1007/s00701-020-04265-1
https://doi.org/10.1016/j.clineuro.2018.04.009
https://doi.org/10.1016/j.wneu.2011.07.011
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1016/j.jclinepi.2012.09.016
https://doi.org/10.1002/sim.1186
https://doi.org/10.1097/SCS.0000000000004592
https://doi.org/10.3171/2016.9.FOCUS16314
https://doi.org/10.3171/2015.3.JNS142254
https://doi.org/10.3171/2015.3.JNS142254
https://doi.org/10.1227/01.NEU.0000327857.22221.53
https://doi.org/10.1227/01.NEU.0000327857.22221.53
https://doi.org/10.1016/j.wneu.2018.08.092
https://doi.org/10.1007/s10143-020-01343-x
https://doi.org/10.1007/s11060-010-0265-y
https://doi.org/10.3171/2010.1.FOCUS09297
https://doi.org/10.4103/ajns.AJNS_258_16
https://doi.org/10.3171/2009.7.PEDS09215
https://doi.org/10.3389/fonc.2022.1058329
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Na et al. 10.3389/fonc.2022.1058329
26. Gardner PA, Prevedello DM, Kassam AB, Snyderman CH, Carrau RL,
Mintz AH. The evolution of the endonasal approach for craniopharyngiomas. J
Neurosurg (2008) 108:1043–7. doi: 10.3171/JNS/2008/108/5/1043

27. Akinduro OO, Izzo A, Lu VM, Ricciardi L, Trifiletti D, Peterson JL, et al.
Endocrine and visual outcomes following gross total resection and subtotal
resection of adult craniopharyngioma: Systematic review and meta-analysis.
World Neurosurg (2019) 127:e656–68. doi: 10.1016/j.wneu.2019.03.239

28. Crespo I, Santos A, Webb SM. Quality of life in patients with
hypopituitarism. Curr Opin Endocrinol Diabetes Obes (2015) 22:306–12.
doi: 10.1097/MED.0000000000000169

29. Cavallo LM, Frank G, Cappabianca P, Solari D, Mazzatenta D, Villa A, et al.
The endoscopic endonasal approach for the management of craniopharyngiomas: A
series of 103 patients. J Neurosurg (2014) 121:100–13. doi: 10.3171/2014.3.JNS131521

30. Kassam AB, Gardner PA, Snyderman CH, Carrau RL, Mintz AH, Prevedello
DM. Expanded endonasal approach, a fully endoscopic transnasal approach for the
resection of midline suprasellar craniopharyngiomas: A new classification based on
the infundibulum. J Neurosurg (2008) 108:715–28. doi: 10.3171/JNS/2008/108/4/0715
Frontiers in Oncology 11
31. Chen Z, Ma Z, He W, Shou X, Ye Z, Zhang Y, et al. Impact of pituitary stalk
preservation on tumor recurrence/progression and surgically induced
endocrinopathy after endoscopic endonasal resection of suprasellar
craniopharyngiomas. Front Neurol (2021) 12:753944. doi: 10.3389/fneur.
2021.753944

32. Stefko ST, Snyderman C, Fernandez-Miranda J, Tyler-Kabara E, Wang E,
Bodily L, et al. Visual outcomes after endoscopic endonasal approach for
craniopharyngioma: the Pittsburgh experience. J Neurol Surg B Skull Base (2016)
77:326–32. doi: 10.1055/s-0036-1571333

33. Kassam AB, Thomas A, Carrau RL, Snyderman CH, Vescan A, Prevedello
D, et al. Endoscopic reconstruction of the cranial base using a pedicled nasoseptal
flap. Neurosurgery (2008) 63:ONS44–52; discussion ONS52-3. doi: 10.1227/
01.neu.0000297074.13423.f5

34. Hadad G, Bassagasteguy L, Carrau RL, Mataza JC, Kassam A, Snyderman
CH, et al. A novel reconstructive technique after endoscopic expanded endonasal
approaches: vascular pedicle nasoseptal flap. Laryngoscope (2006) 116:1882–6.
doi: 10.1097/01.mlg.0000234933.37779.e4
frontiersin.org

https://doi.org/10.3171/JNS/2008/108/5/1043
https://doi.org/10.1016/j.wneu.2019.03.239
https://doi.org/10.1097/MED.0000000000000169
https://doi.org/10.3171/2014.3.JNS131521
https://doi.org/10.3171/JNS/2008/108/4/0715
https://doi.org/10.3389/fneur.2021.753944
https://doi.org/10.3389/fneur.2021.753944
https://doi.org/10.1055/s-0036-1571333
https://doi.org/10.1227/01.neu.0000297074.13423.f5
https://doi.org/10.1227/01.neu.0000297074.13423.f5
https://doi.org/10.1097/01.mlg.0000234933.37779.e4
https://doi.org/10.3389/fonc.2022.1058329
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Craniopharyngioma resection by endoscopic endonasal approach versus transcranial approach: A systematic review and meta-analysis of comparative studies
	1 Introduction
	2 Methods
	2.1 Reporting guidelines and protocol registration
	2.2 Search strategy
	2.3 Study selection
	2.4 Data extraction
	2.5 Risk of bias in individual studies
	2.6 Statistical analysis

	3 Results
	3.1 Study selection and characteristics of included studies
	3.2 Extent of resection
	3.3 Visual outcomes
	3.4 Surgical complications
	3.4.1 Endocrine disorders
	3.4.2 CSF leakage and meningitis

	3.5 Meta-regression analysis: Relationship between GTR and occurrence of endocrine disorders
	3.6 Risk of bias of the included studies

	4 Discussion
	4.1 Strengths and limitations
	4.2 Conclusions

	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


