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Abstract
Background  The management of craniopharyngiomas is challenging due to their high rate of recurrence following resection. 
Excision of recurrent tumors poses further surgical challenges due to loss of arachnoidal planes and adherence to anatomical 
structures. The endoscopic endonasal approach (EEA) offers a favorable alternative to transcranial approaches for primary 
craniopharyngiomas. However, the safety and efficacy of EEA for recurrent tumors, specifically after a prior transcranial 
approach, needs further investigation.
Methods  We performed a systematic review using PubMed to develop a database of cases of recurrent craniopharyngiomas 
previously treated with a transcranial approach.
Results  Fifteen articles were included in this review with a total of 75 cases. There were 50 males and 25 females with a mean 
age of 38 years (range 2–80). One prior transcranial surgery was done in 80.0% of cases, while 8.0% had two and 12.0% had 
more than two prior surgeries. Radiotherapy after transcranial resection was given in 18 cases (24.0%). Following EEA, vision 
improved in 60.0% of cases, and vision worsened in 8.6% of the cases. Of cases, 64.4% had pre-existing anterior hypopituita-
rism, and 43.8% had diabetes insipidus prior to EEA. New anterior hypopituitarism and diabetes insipidus developed in 24.6% 
and 21.9% of cases, respectively following EEA. Gross total resection (GTR) was achieved in 64.0%, subtotal resection in 
32.0%, and partial resection in 4.0% revision EEA cases. GTR rate was higher in cases with no prior radiotherapy compared 
to cases with prior radiotherapy (72.0% vs 39.0%, p = 0.0372). The recurrence rate was 17.5% overall but was significantly 
lower at 10.0% following GTR (p = 0.0019). The average follow-up length was 41.2 months (range, 1–182 months).
Conclusion  The EEA can be utilized for resection of recurrent or residual craniopharyngiomas previously managed by a 
transcranial approach.
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Introduction

Craniopharyngiomas are rare, slow-growing, epithelial 
tumors derived from the remnants of Rathke’s pouch. They 
are located in the suprasellar or parasellar region and make 
up between 2 and 5% of all primary intracranial tumors 
with an incidence of 2 per 100,000 per year [34]. Patients 
with craniopharyngiomas often present with symptoms of 
increased intracranial pressure, endocrine dysfunction, and 
visual disturbances due to infiltration of, adherence to, or 
mass effect on surrounding critical structures of the sellar 
and parasellar regions, most notably the pituitary gland, 
hypothalamus, optic chiasm, blood vessels, and third ven-
tricle [34]. Definitive treatment for craniopharyngiomas 
is resection of the tumor to achieve gross total resection 
(GTR); however, for tumors involving the optic chiasm, 
optic nerves, or the hypothalamus, acceptable treatment 
includes subtotal resection of the tumor followed by radio-
therapy [27, 34, 41].

Recurrence of craniopharyngiomas remains an issue 
and complicates the management of these tumors. Crani-
opharyngiomas can recur from macroscopic remnants 
of the tumors left behind following resection, even after 
GTR. This can be explained by their proximity to adjacent 
neurovascular structures or from neuroradiologically unde-
tectable tumors after GTR [6]. The recurrence rates after a 
transcranial approach are reported to be 9.0–51.0% with a 
median time to recurrence of 26–96 months as compared 
to an initial microscopic or endoscopic transsphenoidal 
approach, which has a recurrence rate of 0–13.0% with 
GTR and 24.0–60.0% with STR [31]. Treatment strategies 
to manage recurrent cases still remain controversial as sur-
gical management of recurrent lesions is more technically 
challenging and is associated with greater morbidity and 
mortality [32, 36].

Salvage surgery with either a transcranial or an endo-
scopic endonasal approach (EEA) offers a cure for recur-
rent craniopharyngiomas, while radiotherapy, intracystic 
bleomycin, and cystic aspiration results in lower morbidity 
[1]. Successful excision of recurrent tumors depends on 
the primary surgical approach and the use of adjuvant radi-
otherapy because of the difficulty of tumor excision from 
scarring and adhesions. Multiple transcranial approaches 
have classically been utilized for resection of craniophar-
yngiomas depending on their location with respect to the 
optic chiasm, pituitary stalk, hypothalamus, and third 
ventricle. The size of the tumor as well as the type of 
approach that offers the best exposure of the tumor and 
vital structures is also taken into consideration [33]. The 
risks associated with a transcranial approach include the 
need for brain retraction [2]. In the past decade, EEA has 
been more commonly utilized as an alternative approach 

for suprasellar masses allowing for a clearer view of and 
access of midline tumors without the need for brain retrac-
tion and manipulation of the optic pathways [10]. Compli-
cations of EEA include postoperative cerebrospinal fluid 
(CSF) leak, although the rate of CSF leaks has consid-
erably decreased over the past decade due to improved 
closure techniques [22]. Despite extensive research, there 
is no consensus in the literature regarding the timing of 
surgery, use of radiotherapy, or the appropriate surgical 
approach for the management of recurrent or residual 
craniopharyngiomas.

Thus, we performed a systematic review of the literature 
to determine the safety and efficacy of the EEA approach for 
recurrent or residual craniopharyngioma following a transcra-
nial approach. We evaluated the endocrine and visual out-
comes following secondary resection by EEA and compared 
the results to other series on primary resection using EEA.

Materials and methods

Search strategy and study eligibility

An electronic search of the literature was performed using 
the online PubMed/MEDLINE database in accordance with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA). The keywords used singly or in 
combination included “recurrent,” “recurrence,” “remnant,” 
“craniopharyngioma,” “endoscopic,” “endonasal,” and 
“transsphenoidal.” Eligibility of the articles was limited to 
English articles with human subjects with recurrent or resid-
ual craniopharyngiomas published between 2005 and 2018. 
The abstracts of qualifying studies were reviewed. Full-text 
articles were obtained for studies meeting the defined inclu-
sion criteria. Finally, references of the relevant articles were 
examined for any potential studies missed from the original 
literature search that met our inclusion criteria.

Inclusion criteria

Studies included in this study were limited to all English-
language, retrospective case series or case reports on EEA 
for recurrent or residual craniopharyngiomas with a previous 
primary transcranial approach. Only studies which provided 
individual patient outcome data were included.

Exclusion criteria

The exclusion criteria included non-English articles, review 
articles, EEA approach for non-specified recurrent or resid-
ual sellar lesions, craniopharyngioma case series without 
recurrence, recurrent craniopharyngioma cases without a 
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primary transcranial approach, articles reporting only aggre-
gate outcomes of the entire series, and those that did not 
report the visual or endocrine outcomes following the EEA 
approach.

Data extraction

All data were extracted by 2 independent authors, and any 
discrepancies were addressed following discussion among 
the senior authors. Variables collected for each study 
included sex, age, previous surgery type, prior radiother-
apy, number of prior surgeries, tumor location, tumor size, 
tumor type, visual outcomes, endocrine outcomes, extent of 
resection, CSF leak, recurrence, complication, and follow up 
period. All studies used formal visual field and acuity testing 
postoperatively. Postoperative visual outcomes were classi-
fied as “improved,” “unchanged,” or “worse.” Postoperative 
assessment of extent of resection was based on postoperative 
computed tomography or magnetic resonance imaging in all 
studies. Since studies included in this article had different 
definitions of near total resection (NTR) and subtotal resec-
tion (STR), all cases with ≥50.0% resection of tumor was 
classified as STR and cases with >50.0% resection of tumor 
as partial resection (PR).

Data analysis

Microsoft Excel (Microsoft, Redmond, WA, USA) was used 
for data aggregation and analysis. Categorical variables were 
analyzed using chi-squared or the Fischer exact test for 
smaller samples. Significance was established as p < 0.05. 
Data included in this study did not have identifying patient 
information and therefore did not require approval from the 
Rutgers New Jersey Medical School Institutional Review 
Board.

Results

Our search using the keywords listed above identified a total 
of 369 articles (Fig. 1). Three duplicates were removed, and 
a total of 366 abstracts were screened. Only 55 articles were 
considered potentially eligible, and their full-text articles 
were reviewed for inclusion after exclusion of review arti-
cles and articles without cases with a primary transcranial 
approach. After applying the aforementioned inclusion cri-
teria, 15 articles were included in this systematic review 
with a total of 75 cases [1, 3, 8, 9, 12, 13, 17–20, 23, 24, 
29, 35, 39].

Fig. 1   Schematic for inclusion 
and exclusion of articles into 
the systematic analysis. The 
literature search yielded fifteen 
articles that were included in 
this review
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Patient demographics and tumor characteristics

The average age of the 75 cases in this review was 38 years 
old (range, 2–80 years). There were 50 males and 25 females 
(Table 1). In 60 cases, only one prior primary transcranial 
approach was done; six cases had two prior transcranial sur-
geries; six cases had three prior transcranial surgeries; two 
cases had four prior transcranial surgeries; and one case had 
six prior transcranial surgeries. A total of 18 cases (24.0%) 
had radiotherapy prior to EEA resection. The location of the 
tumor was reported in 57 cases. The most common location 
of the tumor was suprasellar (64.9%), followed by sellar and 
suprasellar (29.8%) and intrasellar (5.3%). Tumor size was 
reported in 35 cases, and the average tumor size was 2.84 cm 
(range 0.9–5.1 cm). Tumor type was reported in 49 cases 
with 31 cases having a mixed tumor with solid and cystic 
components; 13 cases with a cystic type; and 5 cases with a 
solid type. The average follow-up was 41.2 months (range, 
1–182 months).

Visual outcomes

Visual outcomes were reported in 74 patients. Four patients 
had normal visual function before and after the procedure. 
Following resection, vision improved in 42 cases (60.0%), 
was unchanged in 22 cases (31.4%), and worsened in 6 cases 
(8.6%). There were no significant differences in the visual 
outcomes when analyzed based on sex, age, number of prior 
surgeries, previous radiotherapy, location of the tumor, 
tumor size, tumor type, and extent of resection (Table 2).

Endocrine outcomes

Changes in anterior pituitary function were reported in 
73 cases (Table 1). Following resection, hypopituitarism 
or panhypopituitarism developed in 18 patients (24.6%). 
Of those who had normal preoperative pituitary function, 
69.0% (18/26) developed new anterior hypopituitarism. 
The majority of cases (n = 47, 64.4%) did not experience 
any change in their endocrine outcomes and continued to 
experience their pre-existing hypopituitarism or panhy-
popituitarism. There were 8 cases (11.0%) who had nor-
mal endocrine function before and after the procedure. 
There was no statistically significant difference in new 
endocrine dysfunction when analyzed based on sex, age, 
number of prior surgeries, previous radiotherapy, location 
of the tumor, tumor size, tumor type, and extent of resec-
tion (Table 2). Diabetes insipidus (DI) outcomes following 
the EEA were reported in 73 cases (Table 1). DI was not 
present before or after the procedure in 25 cases, present 
preoperatively in 32 cases, and there was new DI after the 
procedure in 16 cases. The total incidence of DI in cases 
with no previous DI was 16 out of 41 (39.0%) (Table 2). 

Table 1   Patient characteristics and outcomes

Characteristic Value (%)

Total patients 75
Gender
  Male 50 (66.7)
  Female 25 (33.3)

Age
  Average 38
  Range 2–80 years

Prior Surgeries
  1 60 (80)
  2 6 (8)
  3 6 (8)
   > 3 3 (4)

Previous radiation
  Yes 18 (24)
  No 57 (76)

Location (n = 57)
  Intrasellar 3 (5.3)
  Suprasellar 37 (64.9)
  Intrasuprasellar 17 (29.8)

Tumor size (cm) (n = 35)
  Average 2.84
  Range 0.9–5.1

Tumor type (n = 49)
  Solid 5 (10.2)
  Cystic 13 (26.5)
  Mixed 31 (63.3)

Visual outcomes (n = 70)
  Improved 42 (60)
  Unchanged 22 (31.4)
  Worse 6 (8.6)

Endocrine outcomes (n = 73)
  Normal 8 (11)
  Unchanged HP or PHP 47 (64.4)
  New HP or PHP 18 (24.6)

Diabetes insipidus (n = 73)
  Normal 25 (34.3)
  Unchanged 32 (43.8)
  New 16 (21.9)

EOR
  GTR​ 48 (64)
  NTR 11 (14.7)
  STR 13 (17.3)
  PR 3 (4)

CSF leak (n = 70)
  Yes 7 (10)
  No 63 (90)

Recurrence (n = 57)
  Yes 10 (17.5)
  No 47 (82.5)

Complications (n = 66)
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The incidence of DI was significantly greater in younger 
patients (p = 0.0043) and those with a greater number of 
prior surgeries (p = 0.018). There was no significant dif-
ference in the incidence of DI with regards to gender, pre-
vious radiotherapy, location, tumor size, tumor type, or 
extent of resection.

Extent of resection

GTR was achieved in 48 cases (64.0%), STR in 24 cases 
(32.0%), and PR in 3 cases (4.0%) (Table 1). In patients 
≥60  years old, GTR was achieved in 83.0% of cases 
(p = 0.0008) (Table 3). The rate of GTR was not significantly 
impacted by the total number of prior transcranial surgeries 
(p = 0.0222). GTR was achieved in 39.0% of cases that had 
previous radiotherapy compared to 72.0% that did not have 
any previous radiotherapy (p = 0.0372). The recurrence rate 
was only 10.0% with GTR compared to the 80.0% recur-
rence rate when STR was achieved (p = 0.0019). The rate 
of GTR was lower for tumors involving both the sellar and 
suprasellar region than tumors involving either sellar only 
or suprasellar region only, although this was not statistically 
different. The gender, number of prior surgeries, tumor size, 

Table 1   (continued)

Characteristic Value (%)

  Yes 9 (13.6)
  No 57 (86.4)

Follow-up
  Average 41.2
  Range 1–182 months

Table 2   Visual and endocrine outcomes based on various variables

Visual outcomes (%) New pituitary dysfunction (%) New DI (%)

Variables Total Improved Unchanged Worse p value Total p value Total p value

Total 42/70 22/70 3/35 18/26 16/41
Gender 70 0.8763 18 0.492 16 0.1408
  Male 45 26 (58) 15 (33) 4 (9) 11/17 (65) 12/25 (48)
  Female 25 16 (64) 7 (28) 2 (8) 7/9 (78) 4/16 (25)

Age 70 0.4364 18 0.0945 16 0.0043
   ≤ 18 19 9 (47) 8 (42) 2 (11) 6/6 (100) 5/7 (71)
  19–59 38 24 (63) 12 (32) 2 (5) 10/15 (67) 11/23 (48)

   ≥ 60 13 9 (69) 2 (15) 2 (15) 2/5 (40) 0/11 (0)
Prior surgeries 70 0.4082 0.2154 16 0.018
  1 56 32 (57) 19 (34) 5 (9) 18 17/23 (74) 12/37 (32)
  2 6 5 (83) 1 (17) 0 (0) 1/3 (33) 3/3 (100)
  3 5 4 (80) 0 (0) 1 (20) 0 (0) 1/1 (100)
   > 3 3 1 (33) 2 (67) 0 (0) 0 (0) 0 (0)

Previous radiation 70 0.174 18 0.1074 16 0.8198
  Yes 15 7 (47) 5 (33) 3 (20) 4/4 (100) 3/7 (43)
  No 55 35 (64) 17 (31) 3 (5) 14/24 (58) 13/34 (38)

Location 52 0.1102 17 0.127 16 0.8601
  Intrasellar 3 3 (100) 0 (0) 0 (0) 0/1 (0) 2/3 (67)
  Suprasellar 33 20 (61) 12 (36) 1 (3) 9/12 (75) 11/22 (50)
  Intrasuprasellar 16 11 (69) 2 (13) 3 (19) 8/9 (89) 3/6 (50)

Tumor size (cm) 30 0.3098 6 0.5371 6 0.1243
   < 2 cm 6 3 (50) 3 (50) 0 (0) 1/1 (1) 3/4 (75)
   ≥ 2 cm 24 17 (71) 5 (21) 2 (8) 5/7 (71) 3/10 (30)
Tumor type 45 0.8244 14 0.4066 13 0.4155
  Solid 5 2 (40) 2 (40) 1 (20) 2/3 (67) 2/5 (40)
  Cystic 13 7 (54) 5 (38) 1 (8) 1/3 (33) 2/8 (25)
  Mixed 27 17 (63) 7 (26) 3 (11) 11/15 (73) 9/17 (53)

EOR 75 0.2402 18 0.3935 16 0.1406
  GTR/NTR 54 34 (63) 17 (31) 3 (6) 13/20 (65) 15/34 (44)
  STR/PR 16 8 (50) 5 (31) 3 (19) 5/6 (83) 1/7 (14)
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presence of CSF leak, and tumor type were not significantly 
associated with the extent of resection.

Complications and recurrence

Postoperative CSF leak was noted in 8 (10.7%) cases 
(Table  1). Complications other than a CSF leak were 
reported in 66 cases and were present in 9 cases (13.6%). 
There was one case of meningitis, one case of fungal ven-
triculitis, and three cases of cognitive decline. One patient, 
a 2-year-old male with STR, developed postoperative cog-
nitive decline, meningitis, hydrocephalus, and a seizure. 
Three patients died postoperatively. Two patients died from 
disease progression on follow-up, and one patient died from 

large left hemisphere infarct postoperatively. Recurrence 
occurred in 10 of the 57 cases (17.5%) in which recurrence 
was reported.

Discussion

Studies have shown that EEA offers a superior view of 
the tumor, greater extent of resection with less morbid-
ity, and lower complication rates compared to transcranial 
approaches for primary craniopharyngiomas [21, 22, 25]. 
There is no consensus on the optimal timing or surgical 
approach for the management of recurrent or residual crani-
opharyngiomas. Although various case series on EEA for 
recurrent or residual craniopharyngioma have been pub-
lished, few of these studies have analyzed the impact of the 
primary surgical approach on the outcomes of the secondary 
EEA approach. We conducted a review of the literature to 
determine the efficacy and safety of an EEA for recurrent or 
residual craniopharyngioma following a primary transcranial 
approach. In this review, we included 15 articles with a total 
of 75 recurrent or residual craniopharyngioma cases [1, 3, 8, 
9, 12, 13, 17–20, 23, 24, 29, 35, 39].

Approach selection for craniopharyngioma

Careful consideration should be given to type of surgical 
approach that is used when resecting craniopharyngiomas. 
The decision between selecting an endoscopic endonasal 
route and/or trasnscranial route depends on many anatomi-
cal considerations including relationship of the tumor to the 
optic chiasm and pituitary gland, extension into the third 
ventricle, lateral extension to the carotid artery, and exten-
sion into the interhemispheric fissure. Liu et al. emphasized 
the importance of a tailored approach in determining the 
optimal surgical and treatment modalities for individual 
patients based on the extent of the tumor and its proxim-
ity and relationship to neighboring structures [30]. Tran-
scranial approaches provide direct access to the parasellar 
compartments and are beneficial in situations where tumors 
extend laterally beyond the internal carotid artery bifurca-
tion. A transcranial approach, however, may not provide 
access to the retrochiasmatic space especially with a prefixed 
chiasm. An endoscopic endonasal approach provides direct 
access to the anterior skull base and is appropriate for intra-
sellar lesions. The retrochiasmatic space including extension 
into the third ventricle can be accessed from an endona-
sal route. The endoscopic endonasal route may not provide 
access to tumor lateral to the carotid artery or purely intra-
ventricular craniopharyngiomas. Intraoperative CSF leak 
repair options may also be limited with multiple resections 
via an endoscopic endonasal routes.

Table 3   Extent of resection based on various variables

Characteristic Total GTR​ NTR STR/PR p value

75 48 11 16
Gender 0.1656
  Male 50 29 (58) 10 (20) 11 (22)
  Female 34 19 (56) 10 (29) 5 (15)

Age 75 0.0052
   ≤ 18 19 9 (47) 2 (11) 8 (42)
  19–59 20 9 (45) 5 (25) 6 (45)

   ≥ 60 36 30 (83) 4 (11) 2 (6)
Prior surgeries 75 0.3712
  1 60 39 (65) 11 (18) 10 (17)
  2 6 4 (67) 0 (0) 2 (33)
  3 6 3 (50) 0 (0) 3 (50)

   > 3 3 2 (66) 0 (0) 1 (33)
Previous radiation 75 0.0027
  Yes 18 7 (39) 7 (39) 4 (22)
  No 57 41 (72) 4 (7) 12 (21)

Location (n = 57) 57 0.1422
  Intrasellar 3 3 (100) 0 (0) 0 (0)
  Suprasellar 37 27 (73) 5 (14) 5 (14)
  Intrasuprasellar 17 7 (41) 5 (29) 5 (29)

Tumor size (cm) 
(n = 33)

33 0.865

   < 2 cm 7 5 (71) 1 (14) 1 (14)
   ≥ 2 cm 26 16 (62) 6 (23) 4 (15)
Tumor type (n = 49) 49 0.3907
  Solid 5 3 (60) 0 (0) 2 (40)
  Cystic 13 9 (69) 2 (15) 2 (15)
  Mixed 31 21 (68) 7 (23) 3 (10)

CSF leak (n = 70) 70 0.405
  Yes 7 3 (43) 1 (14) 3 (43)
  No 63 40 (63) 10 (16) 13 (21)

Recurrence (n = 57) 57 0.0019
  Yes 10 1 (10) 4 (40) 5 (50)
  No 47 33 (70) 7 (15) 7 (15)
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Recurrent craniopharyngioma

Due to the high recurrence rate of craniopharyngiomas 
and the associated morbidity, various modalities have been 
utilized and developed to achieve disease control includ-
ing adjuvant radiation, brachytherapy, chemotherapy, and 
immunotherapy [28]. While gross total resection is generally 
the goal of surgery to achieve long-term disease control, 
subtotal resection followed by radiation may provide similar 
progression-free survival and improved endocrine outcome 
[38]. Emerging therapies including BRAF-MEK inhibitors 
for papillary type craniopharyngiomas have been shown to 
provide to significant reduction in tumor volume after resec-
tion or biopsy [5].

When considering salvage surgery for recurrent crani-
opharyngioma, it is important to understand that the arach-
noidal planes have been violated during the primary surgery. 
Not only does the loss of arachnoidal planes between the 
tumor and the normal tissue make dissection more difficult, 
it also places structures, such as the hypothalamus at risk 
for injury [40]. Additionally, primary surgery or previous 
adjuvant radiotherapy causes adhesions and adherence of the 
tumor to neurovascular structures, which makes complete 
resection of the tumor difficult and places vital vasculature 
at risk of injury, resulting in permanent neurological defi-
cits or death. The EEA is an optimal approach for recurrent 
craniopharyngioma especially after a primary transcranial 
approach since it offers an untouched route. The EEA allows 
direct visualization of the hypothalamic stalk and surround-
ing neurovascular anatomy without requiring brain retrac-
tion. The EEA can be used to resect inferior and posterior 
portions of the tumor in locations such as the subchiasmatic, 
retrosellar, and intraventricular areas that cannot be reached 
with the transcranial approach [9]. The remnant tumors in 
these areas can be accessed by the EEA, which were previ-
ously inaccessible by the transcranial approach and thus will 
have preserved arachnoidal planes.

Visual outcomes

The EEA allows for direct visualization of the infrachias-
matic space without manipulation of the optic apparatus, 
thereby reducing the risk of injury to neurovascular struc-
tures. In a systematic review of the literature of resection 
of primary and recurrent craniopharyngiomas, Komotar 
et al. reports the visual improvement rate to be 33.1% with 
a transcranial approach and 56.2% with the EEA [25]. Cav-
allo et al. reported improvement in vision in 74.7% of their 
patients and worsening vision in 2.5% of their patients with 
an EEA for mostly primary craniopharyngiomas [11]. In 
studies of recurrent craniopharyngiomas that did not differ-
entiate the primary approach, vision improvements rates are 
higher for the EEA for recurrent cases than the 33.0–64.0% 

visual improvement reported for transcranial approach [15, 
16]. This is presumably due to the wider view of the under 
surface of the optic chiasm offered by the EEA. We found 
the rate of vision improvement to be 60.0% with EEA for 
recurrent cases following a craniotomy, with only 8.6% 
of cases experiencing worsening of the visual outcomes. 
Although our reported visual improvement is not high as 
those reported in individual series of recurrent cases, this 
study demonstrates that an EEA following a transcranial 
approach can achieve improvement in vision despite the 
increased risk of injury to the optic pathways secondary to 
scarring and displacement of the chiasm.

Endocrine outcomes

EEA for primary craniopharyngiomas offers better visibility 
and lighting, allowing for decreased manipulation and risk 
of damage to the hypothalamus and the pituitary stalk. Ante-
rior pituitary dysfunction ranges from 57.1 to 100%, and DI 
ranges from 56.3 to 100% in the literature following EEA for 
primary craniopharyngiomas [7]. The average incidence of 
DI after EEA in primary cases (27.7%) is significantly lower 
compared to the transcranial approach (54.8%), although 
there was no significant difference between the rates of 
hypopituitarism between the two approaches [25]. In recur-
rent craniopharyngioma cases, without accounting for the 
impact of the primary approach, Turel et al. reported new 
onset panhypopituitarism in 73.3% of their patients man-
aged by endoscopic, transcranial, or both approaches [40]. 
Similarly, Koutourousio et al. reported pituitary dysfunction 
in 60.0% and DI in 50.0% of recurrent cases managed by 
a transcranial approach that had a primary resection with 
either an EEA or transcranial approach. This is in compari-
son to pituitary dysfunction in 51.1% and DI in 46.3% of 
primary cases managed by EEA [26]. In our review of the 
literature, we found new pituitary dysfunction in 69.0% of 
the cases and new long-term DI in 39.0% of the cases. The 
risk of DI was also significantly impacted by the number of 
prior transcranial surgeries. The EEA for recurrent crani-
opharyngiomas can be associated with a high risk of postop-
erative endocrine dysfunction requiring careful resection of 
tumor with minimal manipulation of the hypothalamus and 
pituitary stalk. Although we did not analyze the correlation 
of endocrine dysfunction with resection of pituitary stalk, 
this may be unavoidable during resection of large adherent 
recurrent tumors.

Extent of resection

Several studies have advocated for radical resection as the 
primary surgical management of craniopharyngiomas, which 
offers a definitive cure, but can result in significant morbid-
ity [41, 42]. In cases for which GTR is not possible, to avoid 
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the endocrinological and visual deficits, partial resection of 
the tumor can be followed up by radiotherapy [37]. The aver-
age rate of GTR with EEA (66.9%) is significantly greater 
than the 48.3% GTR rate through a transcranial approach 
for all craniopharyngiomas [25]. GTR can be difficult to 
achieve in recurrent cases due to the adherence of the tumor 
to critical neurovascular structures. The EEA for recurrent 
craniopharyngiomas with either a primary EEA or transcra-
nial resection resulted in GTR in 29.4–80.0% of cases [14, 
26]. The GTR rate of 64.0% in this study is within the range 
reported within series of primary and recurrent craniophar-
yngiomas managed by EEA, which did not differentiate the 
outcomes based on the primary approach. Although tumor 
resection through this approach can be technically challeng-
ing and, as with a transcranial approach, is associated with 
a high risk of endocrine and visual dysfunction, we did not 
find a statistically significant effect of the extent of resection 
on visual (p = 0.2841), anterior pituitary (p = 0.4921), or DI 
outcomes (p = 0.1561).

In patients who received radiotherapy prior to EEA, GTR 
rate was 39.0% compared to 72.0% in patients who did not 
receive radiotherapy. The effect of radiotherapy on the extent 
of resection has been illustrated by previous studies [9, 14]. 
Dhandapani et al. found a 50.0% rate of GTR and NTR in 
patients with prior radiotherapy and 85.0% in patients with 
no prior radiotherapy [14]. The extent of resection achieved 
for primary tumors may depend on whether tumor resection 
was done by an experienced surgeon at a specialized medi-
cal center with a high volume of endoscopically managed 
craniopharyngioma cases. Therefore, it might be reasonable 
for patients with STR for a primary craniopharyngioma to 
be evaluated by an experienced endoscopically trained neu-
rosurgeon to determine if greater extent of resection can be 
achieved with an EEA prior to considering radiotherapy 
to control tumor growth, which can potentially decrease 
the effectiveness of future surgical attempts of complete 
resection.

Complications/recurrence

CSF leak following EEA is a well-known complication in 
the literature [4, 26, 30]. In a review of 800 patients treated 
with an EEA, CSF leak rate was the most common compli-
cation (15.9%) [22]. However, this CSF leak rate decreased 
to 5.4% after a pedicled vascularized flap was utilized for 
reconstruction. Review of the literature of all EEAs done 
for anterior skull base pathologies has demonstrated an 
average CSF leak rate of 8.9%, ranging from 0 to 40.0% 
[4]. The 10.0% CSF leak rate in this study is within the 
range reported in the literature. Borg et al. also reported an 
average mortality rate of 0.4% and an average meningitis 
rate of 1.7% in the literature with an EEA. The meningi-
tis rate was 2.4% in patients with CSF leaks compared to 

1.3% in patients without a CSF leak [4]. We found that only 
two patients (3.0%) developed postoperative meningitis, of 
which one had a documented CSF leak.

Craniopharyngiomas are difficult to manage due to their 
high rate of recurrence even after GTR. Koutourousiou et al. 
reported an overall recurrence rate of 34.4% and a 25.0% 
recurrence rate after GTR compared to 40.0% in non-GTR 
cases [26]. Other studies have also highlighted the higher 
rate of recurrence with STR, demonstrating the importance 
of achieving GTR during the primary surgery or treatment 
with adjuvant radiotherapy following STR [14, 40]. The 
recurrence rate in this study was 17.5% in the 57 cases with 
reported long-term outcomes. Only one of the ten patients 
with recurrence initially had GTR, while eight patients had 
STR and one had PR.

Limitations

The major limitation of this systematic review is inherent to 
the quality and number of case series currently available in 
the literature on EEA for recurrent or residual craniophar-
yngioma cases. Although more case series on craniophar-
yngiomas have been published, many of them could not be 
included in this review due to the lack of individual patient 
data included in the articles or lack of recurrent cases with a 
primary transcranial approach. Additionally, for the major-
ity of the cases included in this review, not all outcome 
variables were mentioned in the original articles. The het-
erogeneity in the reporting of outcomes limited the power 
of the analysis of the categorical variables. However, this 
review presents the largest group of recurrent or residual 
craniopharyngiomas managed by EEA after a transcranial 
approach.

Conclusion

Surgical management of recurrent craniopharyngioma poses 
many challenges including loss of the dissection planes and 
adherence of the tumor to surrounding anatomical structures. 
EEA after a transcranial approach can offer better visualiza-
tion of the tumor via an untouched route and allow greater 
excision of previously inaccessible tumor. The visual and 
endocrinological outcomes are comparable to rates reported 
in the literature for EEA for primary tumors. Radiotherapy 
following STR may limit the extent of resection during 
repeat surgery due to increased adherence of the tumor.
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