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Abstract Introduction Wide variations exist in the management of craniopharyngiomas,
including pituitary stalk preservation/sacrifice. This study examines the practice
patterns over 16 years using the endoscopic endonasal approach for the resection
of craniopharyngiomas and it examines the effects of stalk preservation.
Methods Retrospective analysis was conducted for 66 patients who underwent
endoscopic transsphenoidal surgery for resection of craniopharyngiomas. Patients
were stratified into three epochs: 2005 to 2009 (N¼ 20), 2010 to 2015 (N¼23), and
2016 to 2020 (N¼20), to examine the evolution of surgical outcomes. Subgroup
analysis between stalk preservation/stalk sacrifice was conducted for rate of gross total
resection, anterior pituitary function preservation, and development of new perma-
nent diabetes insipidus.
Results Gross total resection rates across the first, second, and third epochs were 20,
65, and 52%, respectively (p¼ 0.042). Stalk preservation across epochs were 100, 5.9,
and 52.6% (p¼ 0.0001). New permanent diabetes insipidus did not significantly change
across epochs (37.5, 68.4, 71.4%; p¼ 0.078). Preservation of normal endocrine
function across epochs was 25, 0, and 23.8%; (p¼ 0.001). Postoperative cerebrospinal
fluid (CSF) leaks significantly decreased over time (40, 4.5, and 0%; [p¼0.0001]). Stalk
preservation group retained higher normal endocrine function (40.9 vs. 0%; p¼0.001)
and less normal-preoperative to postoperative panhypopituitarism (18.4 vs. 56%;
p¼0.001). Stalk sacrifice group achieved higher GTR (70.8 vs. 28%, p¼0.005). At
last follow-up, there was no difference in recurrence/progression rates between the
two groups.
Conclusion There is a continuous evolution in the management of craniopharyng-
iomas. Gross total resection, higher rates of pituitary stalk and hormonal preservation,
and low rates of postoperative CSF leak can be achieved with increased surgical
experience.
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Introduction

Craniopharyngioma is a rareWHOgrade I tumor arising from
Rathke’s pouch epithelium or odontogenic tissuewith an age
adjusted annual incidence of approximately1.6 per 1,000,000
persons per year.1 Morbidity from craniopharyngioma re-
section can be quite high due to the close proximity of tumor
to vital structures in the parasellar region.2–5 Surgical resec-
tion is the primary modality for the management of this
tumor.3,4However, wide variations exist in themanagement
of craniopharyngiomas, including the choice of surgical
approach, extent of resection, use of adjuvant therapy, and
strategy regarding pituitary stalk preservation.

Several recent studies have supported the safety and
efficacy of endoscopic approaches for craniopharyngioma
resection when compared with a traditional transcranial
open approach.6–10 The treatment strategy of gross total
resection (GTR) versus subtotal resection with adjuvant
therapy remains a point of debate.9,11–13 Additionally, the
relative benefits of pituitary stalk preservation and sacrifice
have not been fully delineated.5,11 These practice patterns
differ among surgeons and likely evolve with experience
during an individual surgeon’s career.

Fewstudies have evaluated the learning curve of endoscop-
ic craniopharyngioma resection.14,15Wepreviously published
a series evaluating the early learning curve on the endoscopic
treatment of craniopharyngioma, demonstrating a threshold
of approximately 20 cases to improve rates of GTR.2 We also
noticed marked variation in stalk preservation and subtotal
resection (STR) or near total resection (NTR) depending on the
timeperiod of patient treatment. The goal of the current study
is to examine our institution’s practice pattern across 16 years
using the endoscopic endonasal approach for the resection of
craniopharyngiomas and to examine the effects of stalk pres-
ervation or sacrifice.

Materials and Methods

Study Population and Baseline Variables
After Institutional Board Review approval, all patients from
November 2005 to December 2020 with a histological diag-
nosis of craniopharyngioma treated with an endoscopic
endonasal approach for primary or recurrent tumors were
included in this study. A retrospective chart reviewwas done
collecting patients’ baseline demographics, presenting
symptoms, history of prior treatments, tumor character-
istics, surgical outcomes, postoperative complications,
length of stay (LOS), discharge status, anterior and posterior
hormonal dysfunction, infundibulum status post-surgery,
adjuvant therapy, status of recurrence/progression of dis-
ease, and overall length of follow-up. Hypothalamic involve-
ment was defined as craniopharyngioma displacing or
invading into the hypothalamus. Hypothalamic involvement
was determined based upon the preoperative MRI findings.

Surgical Outcome
Preoperative hormonal dysfunction was counted if laboratory
value was below reference range or if the patient was already

on hormonal replacement. Patients were considered to have
panhypopituitarism if patient required three anterior pituitary
hormone replacement drugs (thyroid, testosterone/estrogen,
and corticosteroids) and partial hypopituitarism if one or two
anterior hormone replacement drugs were used at the last
follow-up. Patients were considered to have preoperative
diabetes insipidus (DI) if desmopressin therapy was initiated
prior to surgery. Postoperatively, patients were categorized as
new permanent DI if they did not require DI treatment
preoperatively but did so at the last follow-up.

Patients were assessed preoperatively and postoperative-
ly for visual acuity and Humphrey visual field testing. Visual
grades were classified as improved, stable, or worse. All
testing were conducted by independent ophthalmologists.

Extent of resection was assessed on intraoperative docu-
mentation and absence of residual on postoperative MRI
3 months after surgery and defined as either GTR, NTR, or
STR. In eight patients without 3 months MRI, intraoperative
notewasused. NTRwas defined as 95% or greater resection of
the tumor by intraoperative note.

Complications analyzed postoperatively included postop-
erative cerebrospinal fluid (CSF) leak requiring intervention
(surgery or lumbar drain), development of new hydrocepha-
lus requiring additional intervention, symptomatic hypona-
tremia (defined as postoperative sodium less than
135mEq/dL) with concurrent signs and symptoms (nausea,
vomiting, and seizure), rhinological complications, seizures,
meningitis, carotid injury, and stroke.

Surgical Epoch and Stalk Preservation/Sacrifice
Patients were first divided into three epochs based on the
timing of surgery from 2005 to 2020 to assess the learning
curve at our institution. The groups consisted of an early
epoch (2005–2009), middle epoch (2010–2015), and late
epoch (2016–2020).

To further assess the optimal strategy for surgical inter-
vention of craniopharyngiomas, a subgroup analysis of
patients with stalk preservation and stalk sacrifice was
compared with assessed surgical outcomes, specifically ex-
tent of resection, development of new permanent DI, and
preservation of anterior pituitary function.

Stalk preservation and sacrifice were identified by the
intraoperative surgical findings. In rare cases when surgical
notes were not definitive, patients were eliminated from the
subgroup analysis. Patients treated for recurrent craniophar-
yngioma were excluded from the subgroup analysis due to
the possible confounding effect of stalk status and alterations
in pituitary function. Operative techniques for craniophar-
yngiomas have been previously described.2

Statistical Analysis
Chi-square analysis was used to compare categorical values
for early, middle, and late epochs. To compare outcomeswith
respect to pituitary stalk preservation and sacrifice, a stu-
dent t-test was used to assess continuous variables and
Fisher’s exact test was used for categorical values. Kaplan-
Meier curve was generated to assess recurrence/tumor pro-
gression across epochs and log rank test was used to assess
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significance. p <0.05 was considered significant and two-
sided t-tests were conducted for all analysis. SPSS (V26.0)
was used for statistical analysis.

Results

Baseline Characteristics and Perioperative Outcomes
A total of 66 patients underwent endoscopic endonasal
approach for craniopharyngioma from February 2005 to
December 2020. The median age of the study population
was 39 (IQR 30.5–56.3) years of age at the time of surgery and
25 (37.9%) patients were female. Vision loss was the most
common presenting symptom in 60 (91%) patients, followed
by headache in 31 (47%) and endocrinopathy in 18 (27%)
patients. Prior surgical intervention with craniotomy and/or
transsphenoidal surgery for resection of craniopharyngioma
occurred in nine (14%) patients and five patients (7.6%),
respectively. The median tumor size was 2.91 cm (IQR 2.1–
3.5) with 47 (71%) tumors having both solid and cystic
components on preoperative MRI and 55 (83.3%) tumors
involving hypothalamus. Majority of the tumors 47 (71.2%)

were characterized histologically as adamantinomatous cra-
niopharyngiomas (►Table 1).

GTR was achieved in 31 (46.9%) patients, NTR in 19 (28.7%)
patients, and STR in 16 (24.2%) patients. Common postopera-
tive complications were rhinological in nine (13.6%) patients,
including epistaxis (n¼1), anterior septal perforation (n¼4),
sinusitis (n¼3), and saddle nose deformity (n¼1). Postopera-
tive CSF leak required further intervention in eight (12.1%)
patients. Preservation of full anterior endocrine function was
achieved in nine (15.5%) patients at the last follow-up. In
patients without prior DI, new permanent DI developed in
34 (58.6%) patients. Themedian LOS for all patientswas 6 days
(range 2–115) and 51 (86%) patients were discharged home
after surgery. Recurrence/progression of disease occurred in
13 patients (22.4%). The median follow-up was 41.5 months
(range 1–183) for all patients (►Tables 2–34).

Baseline Characteristics by Epoch
The earliest epoch included 20 patients ranging from 2005 to
2009, the middle epoch included 23 patients from 2010 to
2015, and the latest epoch consisted of 23 patients from 2016

Table 1 Patient history, demographics, and imaging characteristics in early, middle, and late cohorts

Epoch Total
N¼66

2005–2010
(N¼20)

2011–2015
(N¼23)

2016–2020
(N¼ 23)

Significance

Age (median,
interquartile range)

39
(IQR 30.5–56.3)

46.5
(30–56.8)

39
(28–64.2)

39
(32–67)

0.435

Sex Female 25 (37.9%) 8 (40%) 10 (43.5%) 7 (30.4%) 0.642

Presenting symptom Vision loss 60 (91%) 20 (100%) 23 (100%) 17 (73.9%) 0.002

Headache 31 (47%) 8 (40%) 13 (56.5%) 10 (43.5%) 0.510

Endocrinopathy 18 (27%) 4 (20%) 9 (39.1%) 5 (21.7%) 0.284

Weight gain 7 (11%) 0 (0%) 3 (13%) 4 (17.4%) 0.163

Fatigue 10 (15%) 1 (5%) 5 (21.7%) 4 (17.4%) 0.291

Memory/cognitive 6 (9%) 2 (10%) 0 (0) 4 (17.4%) 0.120

Prior surgery Transcranial 9 (14%) 5 (25%) 3 (13%) 1 (4.3%) 0.243

Transsphenoidal 5 (7.6%) 2 (10%) 2 (8.7%) 1 (4.3%) 0.345

Prior radiotherapy 4 (6.0%) 3 (15%) 1 (4.3%) 0 (0) 0.139

Prior intracystic
therapy

Ommaya reservoir 1 (1.5%) 0 (0) 1 (1.5%) 0 (0)

Intracystic therapy 0 (0) 0 (0) 0 (0)

Max tumor
diameter, cm
(median,
interquartile range)

2.91 (2.1–3.5) 2.9 (2.3–4.2) 3.0 (2.1–3.3) 2.7 (2.1–3.2) 0.415

Tumor consistencya Solid 6 (9.0%) 3 (15%) 2 (8.7%) 1 (4.3%) 0.785

Cystic 13 (20%) 4 (20%) 5 (21.7%) 4 (17.4%)

Solid and cystic 47 (71%) 13 (65%) 16 (69.6%) 18 (82.6%)

Hypothalamic
involvementb

55 (83.3%) 19 (95%) 19 (82.6%) 17 (73.9%) 0.179

Pathology Adamantinomatous 47 (71.2%) 14 (70%) 15 (65.2%) 18 (78.3%) 0.501

Papillary 17 (25.8%) 5 (25%) 8 (34.8%) 5 (21.7%)

aTumor was graded as primarily cystic or solid if >90% of the tumor was cystic or solid, respectively.
bHypothalamic involvement was present if the tumor displaced or invaded the medial or inferior hypothalamus on at least one side. Bold values
indicate significant level less than 0.05.
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to 2020. Across epochs, there were no significant differences
in age, sex, prior surgical status, prior radiotherapy, or prior
intracystic therapy for the treatment of craniopharyngiomas.
There was a significantly higher number of patients present-

ing with vision loss as the initial symptom in the 2005 to
2009 and 2010 to 2015 epochs compared with 2016 to 2020
(100 vs. 100 vs. 73.9%, p¼0.002). No other significant differ-
ences were observed across epochs in terms of presenting

Table 2 Perioperative outcomes

Epoch 2005–2010
(N¼20)

2011–2015
(N¼23)

2016–2020
(N¼ 23)

Significance

Extent of resection STR 16 (24.2%) 9 (45.0%) 3 (13.0%) 4 (17.4%) 0.042

NTR 19 (28.7%) 7 (35.0%) 5 (21.7%) 7 (30.4%)

GTR 31 (46.9%) 4 (20%) 15 (65.2%) 12 (52.2%)

Visiona Stable 11 (20%) 1 (6.3%) 4 (19%) 6 (33%)b 0.264

Improved 42 (76%) 14 (87.5%) 17 (81%) 11 (61.1%)

Worsened 2 (3.6%) 1 (6.3%) 0 (0%) 1 (5.6%)

Complication New hydrocephalus 6 (9.1%) 4 (20%) 1 (4.3%) 1 (4.3%) 0.127

Meningitis 2 (3.0%) 2 (10%) 0 0 –

Postoperative CSF leak 9 (13.6%) 8 (40%) 1 (4.5%) 0 (0) 0.0001

Hyponatremia 5 (7.6%) 0 1 (4.3%) 4 (17.4%) 0.076

Seizure 1 (1.5%) 0 1 (4.3%) 0 –

Rhinological complicationc 9 (13.6%) 2 (10%) 4(17.4%) 3 (13%) 0.824

Carotid artery injury 1 (1.5%) 1 (5%) 0 0 –

Stroke 1 (1.5%) 1 (5%) 0 0 –

Median LOS 6 (2–115) 6 6 4 0.03

Discharge status Home 51 (86%) 9 (45%) 21 (95.7%) 21 (91.3%) 0.001

Rehab or NSF 8 (14%) 5 (25%) 1 (4.3%) 2 (8.7%)

Abbreviations: CSF, cerebrospinal fluid; GTR, gross total resection; LOS, length of stay; NTR, near total resection; STR, subtotal resection.
aEleven patients without vision assessment.
bSix patients in the latest cohort without preoperative vision deficits who remained stable on postoperative assessment.
cEpistaxis (n¼ 1), anterior septal perforation (n¼ 4), sinusitis (n¼ 3), and saddle nose deformity (n¼ 1). Bold values indicate significant level less
than 0.05.

Table 3 Stalk preservation and postoperative endocrine outcomes

Epoch Total N¼ 58a 2005–2010
(N¼16)

2011–2015
(N¼23)

2016–2020
(N¼ 21)

Anterior pituitary
function

Normal endocrine function 9 (15.5%) 4 (25.0%) 0 (0) 5 (23.8%) 0.001

Normal to partial 15 (25.8%) 0 (0) 7 (30.4%) 8 (38.1%)

Normal to pan-hypopituitarism 19 (32.7%) 3 (18.8%) 8 (34.8%) 8 (38.1)

Partial to pan-hypopituitarism 2 (3.4%) 1 (6.3%) 1 (4.3%) 0

Stable pan-hypopituitarism 9 (15.5%) 3 (18.8%) 6 (26.1%) 0

Stable partial hypopituitarism 7 (12.1%) 6 (37.5%) 1 (4.3%) 0

DI Preoperative DI 6 (10.3%) 2 (12.5%) 4 (17.3) 0 (0%) 0.12

New permanent 34 (58.6%) 6 (37.5%) 13 (68.4%) 15 (71.4%) 0.078

Infundibulum
statusb

Preserved 24 (49%) 13 (100%) 1 (5.9%) 10 (52.6%) 0.0001

Sacrificed 25 (51%) 0 (0) 16 (94.1%) 9 (47.4%)

aEight patients without follow-up for endocrine functions.
bSeventeen patients were excluded from infundibulum status analysis due to stalk not identified/prior sacrifice/indeterminate. Forty-nine patients
were included. Bold values indicate significant level less than 0.05.
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symptoms of headache, endocrinopathy, weight gain, fa-
tigue, and memory or cognitive complaints. Additionally,
across epochs, no statistical differences were seen in max
tumor diameter, tumor consistency, hypothalamic involve-
ment, or histologic subtype of craniopharyngioma (►Table 1).

Surgical Outcomes by Epoch
GTR was significantly higher in the second and third epoch
compared with the first (20 vs. 65.2 vs. 52.2%; p¼0.042).
No significant difference in complications related to vision
was seen across the epochs (►Table 2). Postoperative
complications across different epochs showed no signifi-
cant differences in the development of new hydrocephalus
after surgery, meningitis, hyponatremia, seizures, rhinolog-
ical complications, carotid injury, or stroke. Eight patients
in the first epoch had postoperative CSF leak and one
patient in the middle epoch had a postoperative CSF leak,
while no patients had CSF leak in the latest epoch (40 vs.
4.5 vs. 0%, p¼0.0001). There was a significant reduction in
LOS for the latest epoch (6 vs. 6 vs. 4, p¼0.03) and
discharge to rehab across epochs (25 vs. 4.3 vs. 8.7%,
p¼0.001) (►Table 2).

Stalk Status and Postoperative Endocrine Outcomes
Preservation of pituitary stalk was highest in the first cohort,
followed by the third cohort. (100 vs. 5.9 vs. 52.6%; p¼0.0001)
(►Table 3). Newdevelopment of permanent DI did not signifi-
cantlychange across epochs (37.5 vs. 68.4 vs. 71.4%;p¼0.078).
Preservation of normal endocrine function was significantly
higher in thefirst and third epochs comparedwith the second
epoch (25 vs. 0 vs. 23.8%; p¼0.001) (►Table 3).

Tumor Control
Across epochs, there was no significant difference in adjuvant
therapy for STR/NTR after surgical intervention (35.0 vs. 21.7
vs. 26.1%; p¼0.62). Additionally, no differences were seen in
tumor recurrence/progression or median time to recurrence
(33.3 vs. 21.7 vs. 9.5%; p¼0.189) (►Table 4). No differences
were seenwith Kaplan-Meier progression-free survival across
epochs with log rank test (p¼0.368) (►Fig. 1).

Effects of Stalk Preservation/Sacrifice on Clinical
Outcomes
A total of 49 patients were included in the subgroup analysis
after exclusion of patients with prior surgery and unclear
documentation regarding stalk sacrifice or preservation.
Patients were divided based on stalk sacrifice (N¼25) and
stalk preservation (N¼24). In patients with stalk preserva-
tion, there was expectedly a significantly higher number
retaining normal endocrine function (40.9 vs. 0%; p¼0.001)
and less patients with normal preoperative hormonal func-
tions becoming panhypopituitarism (18.2 vs. 56.0%
p¼0.001). New permanent postoperative DI developed in
75% of the patients with stalk sacrifice versus 41.7% in the
stalk preservation group (p¼0.039).

GTRwas achieved at a significantly higher rate in the stalk
sacrifice group (28 vs. 70.8%, p¼0.005) whereas NTR was
significantly higher in the stalk preservation group (52 vs.
12.5%; p¼0.005). The stalk preservation group underwent
adjuvant radiotherapy more often (48 vs. 12.5%; p¼0.012).
The median follow-up is significantly longer in the stalk
sacrifice group (38 vs. 31.5months; p¼0.005). At last follow-
up, there was no difference in recurrence/progression rate
between stalk preservation and sacrifice group (►Table 5).

Discussion

In this study, we examined practice patterns across 16 years
using the endoscopic endonasal approach for the resection of
craniopharyngiomas, divided into three epochs: 2005 to
2009, 2010 to 2015, and 2016 to 2020. Of note, this period
also corresponded to numerous innovations and advance-
ments in the field of endoscopic skull base surgery itself, as
well as the development of new technologies. The initial
epoch consisted of a period of early experience and learning,
development of endonasal cranial base repair techniques,
and more conservative resection rates with more frequent
stalk preservation. This led to reduced rates of postoperative
hypopituitarism, but also high rates of subtotal/NTR. The
middle epoch, during which increasing surgical experience
was gained, involvedmore aggressive resections, with higher

Table 4 Tumor control

Epoch Total N¼66 1 (N¼20) 2 (N¼ 23) 3 (N¼ 23)

Adjuvant therapy for STR/NTR 18 (27.3%) 7 (35.0%) 5 (21.7%) 6 (26.1%) 0.62

Recurrence/Progressiona 13 (22.4%) 6 (33.3%) 5 (21.7%) 2 (9.5%) 0.189

Median time to
recurrence (months, range)

11 (3–172) 10 (4–172) 10 (3–52) 18 (12–24) 0.776

Treatment of recurrence/
progression

Ommaya reservoir 4 1 0

Intracystic P32 3 0 0

Reoperation 2 3 1

Radiotherapy (FSRT) 3 3 1

Observed 0 0 0

aEight patients without follow-up data.

Journal of Neurological Surgery—Part B Vol. 84 No. B4/2023 © 2022. Thieme. All rights reserved.

Surgical Experience in Craniopharyngioma Yu et al. 379

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



rates of GTR and stalk sacrifice. The more recent epoch likely
reflects a stable high-volume practice with incorporation of
surgical experience and modern endoscopic techniques,
resulting in high rates of GTR with improved stalk preserva-
tion. This in turn led to increased rates of preserving normal
endocrine function and no worsened recurrence rate when
compared with the middle cohort.

Learning Curve of Craniopharyngioma
The learning curve for expertise in the endoscopic manage-
ment of craniopharyngiomas can be lengthy, with optimal
surgical outcomes requiring extensive surgical experi-
ence.2,14,16–20 In an early and late cohort of patients with
craniopharyngioma, Ding et al found that neurosurgeons
achieved a reduced rate of tumor recurrence and significant
reduction in operative time after 17 patients. The cohorts
showed no significant differences regarding GTR, panhypopi-
tuitarism, and postoperative CSF leak.14 In a case series of 103
craniopharyngioma patients, Cavallo et al highlighted that
careful selection of patients is paramount in the management
of this disease. In their early cohort, lackofexperiencewith the
endonasal view led to two patients requiring further trans-
cranial resection a week after surgery.21 Younus et al studied
the learning curve of endoscopic approach for skull base
tumors in 1,000 cases, of which there were 73 craniophar-
yngiomas. Patients were split into two cohorts. When the
authors examined learning curve in craniopharyngiomas
(N¼32 in first and N¼41 in second cohort), they found that
GTR was significantly increased in the second cohort and
lumbar drain usage was decreased.15 Furthermore, our previ-
ous study examining the learning curve found that after 20

cases there is a significant reduction in postoperative CSF leak
and major neurological complications.2

In our current study, we report an overall GTR rate of 47%,
similar to the average rate of 55% GTR across the literature.22

The institutional surgical philosophy in 2005 to 2009 was
conservative resection to preserve the pituitary stalk . This
was reflected in our low rate of GTR (20%) but high rate of
stalk preservation (100%). During the middle epochs from
2010 to 2015, the surgical goal transitioned to aim for GTR
(65%). The transition led to a lower rate of stalk preservation
(5.9%) within our institution. However, our latest epoch
shows a significant higher rate of GTR when compared
with first epoch (20 vs. 52%; p¼0.04) and higher rate of
stalk preservation (5.9 vs. 52%) along with improved preser-
vation of normal pituitary endocrine function (23.8 vs. 0%)
when compared with second epoch. The latter finding sup-
ports our improvement in the management of craniophar-
yngiomas with experience, specifically regarding the
preservation of the pituitary stalk and endocrine function
in GTR. Despite the higher stalk preservation in the latest
cohort when compared with the middle cohort (5.9 vs.
52.6%) there was no difference in the rate of permanent DI
(68.4 vs. 71.4%). We believe that although the pituitary stalk
was structurally preserved, the increased aggressiveness to
achieve GTR could have comprised small feeding arteries to
the pituitary stalk. In a review by Grewal et al, authors found
that higher postoperative DI is consistently associated with
GTR when compared with STR in different case series.9 A
recent study published in 2021, Godil et al found that DI
developed in 85.3% of patients with GTR and 50% of the
patients with STR.23

Fig. 1 Progression-free survival across three epochs after endoscopic endonasal resection.
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We achieved and maintained a low rate of postoperative
CSF leak with the refinement of the “button graft” repair
technique, innovated at our institution and described in a
prior publication.24 We report an overall postoperative CSF
leak of 12%, which is lower than a previously reported rate of
18.4% in a meta-analysis of 149 patients treated with the
endoscopic transsphenoidal approach.10 Our middle cohort
showed one patient (4.3%) with postoperative CSF leak and
no patients (0/23) with leaks in the latest cohort, again
supporting a progressive improvement in technique. In
summary, our institution’s postoperative CSF leak rate is
1/46 (2.2%) since 2010 and no patients had CSF leaks in the
latest epoch (2016–2020). This also likely reflects the in-
creased use of vascularized pedicled nasoseptal flaps in the
middle and later epochs.

GTR versus STR and Radiotherapy
There is an ongoing debate regarding GTR versus STR plus
radiotherapy in the management of craniopharyngio-
mas.13,25–27 The goal of surgery is to perform maximal
safe resection while minimizing postoperative morbidity
and maximizing function and quality of life.21,28–30 Hypo-
thalamic invasion and lack of a surgical plane between the
tumor and hypothalamus are the main limiting factors in
attaining GTR.31 GTR in craniopharyngiomas is associated
with a higher risk of postoperative morbidity compared
with patients undergoing STR and radiotherapy.32 A meta-
analysis of 759 cases of adult craniopharyngioma by Dan-
durand et al demonstrated that the rates of recurrence were

significantly higher when GTR was compared to STR, and
when STR with radiation was compared with STR alone.
However, no difference was found in the recurrence rate
between GTR group when compared to STR with radiation
(17 vs. 27%).33

Lack of clear advantages of GTR in terms of recurrence
rate and overall survival, higher postoperative morbidity
with GTR, and impact on patients’ quality of life have led to
some surgeons’ trend toward performing STR and radio-
therapy in recent years.30,32,34–36 A recent systematic re-
view and consensus statement of the European Association
of Neurosurgical Societies recommended performing GTR
in tumors without hypothalamic infiltration and perform-
ing STR in combination with adjuvant radiotherapy in
tumors with infiltration of the hypothalamus (Level C of
evidence).

In our cohort, GTRwas achieved in 31 (47%) patientswhile
18 (27.3%) patients underwent adjuvant radiation after STR.
Recurrence after complete resection and progression after
STR/NTR occurred in 13 (22.4%) patients. When compared
across cohorts, there was no significant difference in the
usage of adjuvant radiation (35 vs. 22 vs. 30%; p¼0.13) or
progression-free survival (p¼0.368) (►Fig. 1). The above
results indicate that both strategies can be appropriate for
the treatment of craniopharyngiomas.

Stalk Preservation versus Stalk Sacrifice
Stalk preservation and sacrifice are two distinct strategies for
the management of craniopharyngiomas.5,11,37 In a modern

Table 5 Effects of stalk preservation on hormonal outcomes, recurrences, and usage of adjuvant radiotherapy

Stalk status
N¼49 patients

Stalk sacrifice
(N¼ 25)

Stalk preservation
(N¼ 24)

Tumor diameter, cm
(median, quartile)

3.0 (2.3–3.3) 2.8 (2.0–3.0) 0.415

Anterior pituitary functiona Normal endocrine function 0 (0%) 9 (40.9%) 0.001

Normal to partial hypopituitarism 7 (28.0%) 5 (22.7%)

Stable hypopituitarism 3 (12.0%) 0 (0%)

Partial to hypopituitarism 1 (4.0%) 1 (4.5%)

Normal to panhypopituitarism 14 (56.0%) 4 (18.2%)

Stable partial hypopituitarism 0 (0%) 3 (13.6%)

DIb New permanent 18 (78.3%) 11 (45.8%) 0.036

No permanent DI 5 (21.7%) 13 (54.2%)

Resection STR 3 (12.0) 7 (29.2%) 0.001

NTR 3 (12.0%) 12 (50.0%)

GTR 19 (76.0%) 5 (20.8%)

Recurrence/progression 4 (16.0%) 6 (25.0%) 0.496

Adjuvant radiotherapy 2 (8.0%) 11 (45.8%) 0.004

Median follow-up
duration, month (range)

38 (22–75.5) 31.5 (12.3–96) 0.005

Abbreviations: DI, diabetes insipidus; GTR, gross total resection; NTR, near total resection; STR, subtotal resection.
aThree patients in stalk preservation group do not have hormonal outcomes.
bTwo patients in the stalk sacrifice group do not have follow-up data. Bold values indicate significant level less than 0.05.
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series of craniopharyngioma patients undergoing the endo-
scopic approach, Ordóñez-Rubiano et al examined the
effects of stalk preservation on the rate of GTR and pituitary
function.5 The authors found that stalk preservation was
associated with increased STR, tumor progression, and
usage of radiation. In patients with stalk preservation,
33% reported no anterior pituitary dysfunction and 50%
were free from DI. Our data reveals similar findings. Spe-
cifically, 40% of patients in our stalk preservation cohort
maintained normal anterior pituitary function and 54%
were free of DI at last follow-up. Furthermore, only four
patients (18.2%) in the stalk preservation group with nor-
mal preoperative anterior pituitary function developed
panhypopituitarism in comparison with 14 patients (56%)
with stalk sacrifice (p¼0.001). As expected, more
patients with stalk preservation received adjuvant radiation
after surgery (45.8 vs. 8.0%; p¼0.004) and there was
no significant difference in tumor recurrence at the last
follow-up.

Limitations
The limitations of this study include small patient cohorts
when divided across the three epochs, as well as the fact this
this was a single-institution retrospective experience which
may decrease the generalizability of the findings. The
patients included have limited follow-up, especially in the
latest cohort, which may affect the true recurrence rate in
this later epoch with greater stalk preservation. Due to rapid
advancement of endoscopic experience and equipment in
treating sellar and parasellar pathology, the surgical out-
comes across epochs could also be confounded by the
available technology at the time. While we adjusted for
confounding effects of repeated surgeries on pituitary stalk
function, we used operative findings and notes to designate
stalk status, which could be unreliable. We did not use a
craniopharyngioma classification system. Additionally, in
the subgroup analysis between stalk sacrifice and preserva-
tion group, we did not account for the significant rate of
adjuvant radiotherapy in the stalk preservation group on
long-term DI and anterior pituitary function. However,
studies have suggested radiotherapy to be safe with minimal
hormonal deterioration.38,39

Despite these limitations, we believe our results could
help guide a surgeon’s approach in the treatment of
craniopharyngiomas.

Conclusion

Our results indicate that there is a continuous learning curve
in the management of craniopharyngioma. Higher GTR with
greater pituitary stalk preservation, normal hormonal func-
tion, and lower rates of postoperative CSF leak can be
achieved with increased surgical experience.
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