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Abstract

Background Craniopharyngiomas are rare tumors found in the suprasellar region of the brain. Untreated, they have the
potential to cause debilitating complications, including vision loss and cognitive decline. Craniopharyngiomas can be resected
through several surgical options including endoscopic endonasal (EEA) and open, transcranial approaches, cystic drainage,
and ventricular neuroendoscopic approaches. Here, we seek to review the literature and compare characteristics of lesions
resected by the EEA versus open approach.

Methods A comprehensive database search was performed on PubMed, Google Scholar, and Embase using key terms.
Included studies utilized both EEA and open approaches for craniopharyngioma resection.

Results No studies reported a significant difference in tumor location, consistency, pathology, or presence of calcification.
One study reported an increased preoperative tumor volume with the open approach. The open approach was significantly
associated with a longer follow-up period (4/16) and hospital length of stay (2/16), as well as a greater rate of recurrence
(2/16) and mortality (1/16). New-onset diabetes insipidus (3/16) and vision deterioration (3/16) following surgery were
significantly more common following an open approach.

Conclusion Inherent in the surgical decision-making regarding approach are the anatomical considerations of the tumor.
Through our literature search, we found tumors were not substantially different for the different approaches, consistent with
our clinical experience. This may be related to the refinement of endonasal techniques, allowing larger, suprasellar tumors
to be amenable to GTR more than in the past.
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Introduction

Craniopharyngiomas (CPs) are rare, benign intracranial
tumors that typically arise in the suprasellar region of the
brain. They are found near the pituitary gland and frequently
involve structures including the hypothalamus, third ventri-
cle, anterior cerebral artery complex, optic chiasm, and cra-
nial nerves [1-3]. Histologically, CPs can be characterized
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into one of two primary subtypes: papillary and adamanti-
nomatous, with the latter being most common [4-6]. Left
untreated, CPs can lead to significant neurologic complica-
tions including vision loss and pituitary insufficiency [5-9].

Despite their consideration as a benign lesion, the intri-
cate location of craniopharyngiomas and diverse clinical
manifestations make surgical treatment a challenge for phy-
sicians [3]. The proximity to neuroendocrine tissues of the
pituitary, the pituitary stalk, and hypothalamic structures
create potential treatment problems [10, 11]. CPs can be
treated via microsurgical tumor resections or minimally
invasive alternatives such as stereostatic procedures. These
alternative procedures can treat tumors with cystic com-
ponents and include shunt catheters for permanent cystic
drainage, cystic-ventricular endoscopic approaches for “self-
washing out,” interferon injections, and BRAF/MEK inhibi-
tors. [12-15].
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The two most common approaches for craniopharyngi-
oma resection include an endoscopic endonasal (EEA) and
transcranial (open) approach [6]. Transcranial approaches
require an extent of brain retraction and greater manipula-
tion of the adjacent neurovascular structures [1]. An endo-
scopic endonasal approach allows advancement of a light
source and lens, increasing the field of view [9]. While
both approaches are used for craniopharyngioma resection,
the indications for each have not been clearly delineated
[16-23].

Here, we seek to review the literature and compare the
tumor and imaging characteristics of craniopharyngiomas
resected by the EEA versus the open approach. Our goal is to
better understand the indications for each surgical approach.
Our secondary aims are to evaluate differences in the clini-
cal course and postoperative complications between the two
patient groups.

Methods

A systematic search study using PubMed, Embase, and
Google Scholar was conducted from database inception to
May 2024. The following search criteria was used: “crani-
opharyngioma” AND (“endoscopic” OR “craniotomy”).
Studies were uploaded into Covidence (Cochrane, London,
UK) and screened based on inclusion and exclusion criteria.
Inclusion criteria involved the following: papers compar-
ing endonasal endoscopic (EEA) and open approaches for
craniopharyngioma resection. Studies were not included if
they only utilized one approach (e.g., an institutional study
looking at the outcomes of EEA approaches for craniophar-
yngiomas were excluded). Studies were also excluded if they
were case reports, systematic reviews, meta-analyses, or not
written in English. Prior reviews were not included, given
the likely overlap in included studies. Case reports were also
not included, as we specifically were looking for papers that
directly compared endoscopic versus open, transcranial
approaches for craniopharyngioma resection with multiple
patients. Of note, given the limited number of studies focus-
ing on specific age groups, we included papers that involved
pediatric patients, adult patients, or both.

After screening for eligible studies, abstract screening,
full-text review, and data extraction were performed. In
accordance with the PRISMA 2020 guidelines, a rigor-
ous assessment of the quality of each study was performed
to ensure the evidence was reliable and methodologically
sound. This quality assessment involved evaluating each
paper’s study design, risk of bias, sample size, data collec-
tion methods, and statistical analysis to determine its suit-
ability for inclusion in this review. Only studies meeting
predefined criteria for methodological rigor were included
to ensure the quality of the overall findings. Two authors (GJ
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and JC) independently reviewed titles, abstracts, and full
texts using Covidence (Fig. 1). Any discrepancies in data
extraction were resolved with discussions with the senior
author (AJK).

Results

After removal of duplicate studies, a total of 973 studies
were obtained from the initial search criteria. A total of 16
studies met inclusion criteria and were deemed suitable for
data extraction and analysis. All but one of the included
studies were retrospective in nature. In all of these studies,
both transcranial and endoscopic approaches were available
during the study period, and patients underwent surgery
using one of these techniques. However, none of the studies
provided specific indications or criteria for selecting one
approach over the other in their methodology sections.

We first looked at demographic characteristics of patients
included in the studies. Among the 15 studies that reported
mean age at presentation, only one study found a significant
difference between the EEA and open group (48.5 years
versus 31.2 years, respectively, p=0.04) [30] (Table 1).
Among the 15 studies that reported sex of patients, two
studies reported significant differences between the two
groups. Govindarajan et al. found that the open group con-
sisted of 52.4% males, while the EEA group consisted of
44.2% males (p=0.0001) [24]. Parasher et al. reported that
the EEA group was 83.3% males, while the open group was
30.0% males (p =0.027) [34]. Four studies reported patient
race, and 2 (50%) found significant differences between the
two groups [22, 23]. In both studies, white patients made up
the majority.

We next looked at symptoms at presentation between
those operated with a an endoscopic versus open, transcra-
nial approach (Table 2). Three studies were excluded due to
lack of information regarding preoperative symptoms [22,
24,26]. Of the 11 studies that reported visual impairment, 7
studies that reported headache, 5 studies that reported dia-
betes insipidus, and 3 studies that reported hypopituitarism,
none found any significant differences between the EEA
and open groups. Five studies reported hydrocephalus as a
symptom at presentation, and two of these studies found that
hydrocephalus was more common in the open group (75%
versus 32.1%, p=0.01 and 86% versus 25%, p=0.02) [29,
34]. Finally, five studies reported on hypogonadism, and one
of these studies found that hypogonadism was more common
in the endoscopic group (60.0% versus 18.8%, p=0.006)
[37].

Next, data related to tumor and imaging characteris-
tics were extracted (Table 3). No significant differences in
tumor location (e.g., sellar versus suprasellar), consistency
(e.g., solid versus mixed versus cystic), pathologic type
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(e.g., adamantinomous versus papillary), or presence of
calcification were observed. Abiri et al. found that a larger
preoperative tumor volume was present in the open group

(p<0.001) [22].

Studies excluded (n = 8)
Wrong outcomes (n = 7)
Wrong intervention (n = 1)

Significant differences in extent of resection between the
EEA and open groups were observed (Table 4). Three out
of 13 studies found that GTR was significantly more com-
mon in the EEA group. Rates of GTR ranged from 13.4 to
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94.3% in the endoscopic group and 12.8 to 90.5% in the
open group [22, 23, 37]. Three out of seven studies reported
that adjuvant radiotherapy was significantly more common
following open surgery as compared to endoscopic surgery.
Moussazadeh et al. reported that 60% of patients at an insti-
tution required radiotherapy following open surgery [31].
Four out of 10 studies found that the follow-up period was
significantly less in the EEA group, and 2/6 found that the
average hospital length of stay was significantly less in the
EEA group. One study found that the open group was asso-
ciated with a greater rate of mortality (2.13% versus 0.27%,
p<0.0001) [24]. No significant differences in rates of recur-
rence were observed in any of the studies.

Numerous differences in postoperative complications
were reported (Table 5). Of the eight studies that reported
visual complications, three found that there was a signifi-
cantly greater proportion of these complications within the
open group [17, 23, 24, 37]. Rates reached as high as 38.8%
in the open group compared to 10% in the endoscopic group
[25, 31]. CSF leak was found to be significantly more com-
mon in the EEA group in 4/9 studies, and diabetes insipi-
dus was more common in the open group in 3/9 studies.
Moussazadeh et al. found that meningitis was significantly
more common following an open approach (20% versus 0%,
p=0.04) [31]. No differences in rates of hydrocephalus were
found. Two studies reported that postoperative hypopitui-
tarism was significantly more prevalent in the open group
[29, 32].

Discussion

Craniopharyngiomas are benign intracranial tumors that
typically arise near the pituitary gland and often involve
surrounding structures including the hypothalamus, third
ventricle, optic chiasm, and cranial nerves. While these
tumors may arise anywhere along the craniopharyngeal
canal, 95% have a suprasellar component, with 5% being
purely intrasellar [38]. Their slow growth leads to a delay
in symptom presentations, ranging months to many years.
The two most common approaches for craniopharyngioma
resection include an endoscopic endonasal and transcranial
approach. Here, we review the existing literature regarding
tumor and imaging characteristics of lesions resected by the
EEA versus open, transcranial approach to better understand
indications for each approach. We also evaluate differences
in the clinical course between the two groups. Notably, due
to the limited number of studies focusing exclusively on
pediatric patients, both adult and pediatric cases have been
included in the present analysis.

We first looked at demographic characteristics of patients
and found that a majority of studies reported no differences
between the two approaches. Only one study reported a

@ Springer

difference in mean age at presentation, two reported differ-
ences in sex of patients, and two reported racial differences.
Similarly, symptoms at presentation including visual impair-
ment, headache, and hypopituitarism did not significantly
differ between the EEA and open group for a majority of
papers.

Inherent in the surgical decision-making regarding
approach are the anatomical considerations of the tumor.
To better understand why an endoscopic approach would be
favored over an open approach (or vice versa), we extracted
data regarding differences in tumor size, location, consist-
ency, pathologic subtype, and the presence of calcification.
Traditionally, the open approach has been favored for its
capability to achieve more extensive surgical resections.
As such, we predicted that larger tumors would be more
amenable to resection by the open approach, given the free-
dom of movement and maneuverability the approach offers.
Moreover, we hypothesized that tumors located above the
sella turcica or extending into the third ventricle would be
more likely to be resected by an open approach.

Interestingly, we found that tumor characteristics (e.g.,
location, consistency, pathologic subtype, presence of cal-
cification) through the literature search were not substan-
tially different for the different approaches. Only one study
(Abiri et al.) found a larger preoperative tumor volume was
present in the open group. While these findings may reflect
surgeon preferences or training influences, they also raise
intriguing questions about the evolution and utility of endo-
scopic surgery. Over the past decade, endoscopic techniques
have advanced significantly, and have likely led surgeons to
resect tumors that were previously considered suitable only
for open surgery. The improvements in endoscopic instru-
ments and 3D and 4 K technology have provided enhanced
visualization of tumor margins and surrounding structures,
allowing for more extensive and precise resections. These
advancements may explain why we found no significant dif-
ference in tumor characteristics in the literature between the
two approaches.

The advances in endoscopic surgery may also be reflected
by its higher rates of GTR. Our review of the literature
revealed that the endoscopic group was associated with
increased rates of GTR in 3/13 studies. Several authors pro-
posed that there is better visualization of the sellar anatomy
with endoscopic approaches, allowing for more confidence
in achieving adequate margins. It is important to note, how-
ever, that some institutions favor less aggressive surgeries
with subsequent adjuvant radiotherapy. This is a particularly
important confounding variable that should be accounted
for, especially when comparing rates of GTR between dif-
ferent institutional studies.

Finally, we looked at postoperative complications and
found that with the exception of CSF leaks, postoperative
complications were generally more common in the open
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group compared to the EEA group. For instance, visual

Table 5 (continued)

L E &k
2 = 8E5g §5 o impairment (three out of eight studies), diabetes insipidus
— — = - . . . ..
s 5 E 28 < g ES (three out of nine studies), and meningitis (one out of seven
= < &~ &~ studies) were found to be significantly more common in the
oL Ex,ZEx open group. It has been hypothesized that endoscopic sur-
Ak £ £82E35853 Its in f lications b it is less likel
Z|a 5 EZE38E.ES gery results in fewer complications because it is less likely
£ - A A to result in injury or manipulation to surrounding structures
& — &L B W such as the optic nerves when compared to open, transcra-
19 < IS .go.gém.z‘o.‘g:g—.‘ K .
:& 5 %t @ C2RSREREETS nial approaches. These decreased rates of postoperative
= « & A complications in the endoscopic group may reflect the bet-
) ter quality of life the approach offers to patients, especially
s = § in relation to visual and endocrine function.
& < It is important to note that our systematic review is not
2 |- - without limitations. There are limitations in the study’s
- S 4 search strategy. It is possible that relevant studies may have
2|0 = — P
g been excluded due to omission of terms or phrases from the
<] 5= N ES initial search. In addition, it is not possible to capture all the
=iz < o variabilities in the 16 studies with relation to the tumor char-
;5: acteristics or postoperative complications recorded. Further,
Z _ the inclusion of both adult and pediatric cases potentially
- impacts the analysis due to craniopharyngiomas exhibiting
5 R . . . .
z & < distinct characteristics and behaviors in these populations.
& Further studies focusing on distinct age groups are war-
g S § < ranted. The reported outcomes varied between the studies
S < and as such, we were not able to encompass all the data
o presented in the included studies. Significant variability was
R ~ ) observed in terms of patient demographics, tumor character-
> | o — < .. . . .
RS S A istics, surgical techniques, and follow-up protocols, which
£ - < further complicated data integration. In addition, many
» g« 2 2 2 studies employed different definitions or classification sys-
8 = = tems for reporting outcomes, such as visual outcomes or
o ﬁ = 3 & meningitis, which limited the standardization of the data for
O lH | o 9\ ') . . .
analysis. While we acknowledge that a meta-analysis could
° have enriched the study, the substantial variability across
=% g studies prevented meaningful aggregation of the data. Given
1k : P gful aggregation of the data
PN - e these challenges, we decided to report the individual study
é o | = = S outcomes to provide a more nuanced comparison between
B ) (= (= .
2 C&‘;& S S g the EEA and open approaches. We believe that future stud-
8 ies with more standardized methodologies will enable more
2 |« g by g robust analyses and contribute to a deeper understanding
= |H | %) N . .
Al | & " N of these treatment approaches. Finally, we recognize that
z o while craniopharyngioma resection is typically done via an
= E 9 g endoscopic or open approach, there are times as well where
E, ) S S the surgical plan is to stage the procedure with one approach
Ei first followed by the second.
Z | = IS SN
> 9] (=) [«
B |& & &
o0 .
£ Conclusions
Q
|52 g g - . .
Zlm|Z S S Overall, we report no significant differences in tumor
E o~ . o~ =~ characteristics resected by the endoscopic versus open,
= g . N o O \O N . . .
£ EZhC § S EZE3q © § ) transcranial approach. While these findings may reflect
El 5802 85802 Q@ .. .
2 g° z=° = surgeon preferences or training influences, they also
Springer
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underscore the significant advancements made in endo-
scopic surgical techniques. Historically, the open approach
was favored due its ability to achieve more extensive sur-
gical resections. However, advancements in endoscopic
techniques and tools have likely now allowed surgeons to
resect tumors once thought to be suitable only for open
surgery. These advancements are also evidenced by the
higher rates of GTR and lower incidence of postoperative
complications observed in the endoscopic group.
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