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OBJECTIVE There is a paucity of literature regarding the learning curve associated with performing endoscopic endo-
nasal cranial base surgery. The purpose of this study was to determine to what extent a learning curve might exist for 
endoscopic endonasal resection in cases of craniopharyngiomas.
METhODS A retrospective review was performed for all endoscopic endonasal craniopharyngioma resections per-
formed at Thomas Jefferson University from 2005 to 2015. To assess for a learning curve effect, patients were divided 
into an early cohort (2005–2009, n = 20) and a late cohort (2010–2015, n = 23). Preoperative demographics, clinical 
presentation, imaging characteristics, extent of resection, complications, tumor control, and visual and endocrine out-
comes were obtained. Categorical variables and continuous variables were compared using a 2-sided Fisher’s exact test 
and t-test, respectively.
RESUlTS Only the index operation performed at the authors’ institution was included. There were no statistically signifi-
cant differences between early and late cohorts in terms of patient age, sex, presenting symptoms, history of surgical or 
radiation treatment, tumor size or consistency, hypothalamic involvement, or histological subtype. The rate of gross-total 
resection (GTR) increased over time from 20% to 65% (p = 0.005), and the rate of subtotal resection decreased over 
time from 40% to 13% (p = 0.078). Major neurological complications, including new hydrocephalus, meningitis, carotid 
artery injury, or stroke, occurred in 6 patients (15%) (8 complications) in the early cohort compared with only 1 (4%) in the 
late cohort (p = 0.037). CSF leak decreased from 40% to 4% (p = 0.007). Discharge to home increased from 64% to 95% 
(p = 0.024). Visual improvement was high in both cohorts (88% [early cohort] and 81% [late cohort]). Rate of postopera-
tive panhypopituitarism and permanent diabetes insipidus both increased from 50% to 91% (p = 0.005) and 32% to 78% 
(p = 0.004), which correlated with a significant increase in intentional stalk sacrifice in the late cohort (from 0% to 70%, p 
< 0.001).
CONClUSIONS High rates of near- or total resection and visual improvement can be achieved using an endoscopic 
endonasal approach for craniopharyngiomas. However, the authors did find evidence for a learning curve. After 20 
cases, they found a significant decrease in major neurological complications and significant increases in the rates of 
GTR rate and discharge to home. Although there was a large decrease in the rate of postoperative CSF leak over time, 
this was largely attributable to the inclusion of very early cases prior to the routine use of vascularized nasoseptal flaps. 
There was a significant increase in new panhypopituitarism and diabetes insipidus, which is attributable to increase rates 
of intentional stalk sacrifice.
https://thejns.org/doi/abs/10.3171/2016.9.FOCUS16292
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Harvey Cushing has described craniopharyngio-
mas as the “most forbidding of the intracranial 
tumors.”5,6,10 In his published series of 2000 intra-

cranial operations, there were approximately 92 cranio-
pharyngiomas, 14 of which were treated via a transsphe-
noidal route.1,5 Cushing experienced a 14% mortality rate 
and virtually abandoned the transsphenoidal route in favor 
of the subfrontal route for these tumors.5,6 The introduction 
of the operating microscope, in addition to intravenous 
cortisone and antibiotic therapy, significantly reduced the 
perioperative mortality rate in the 1950s. Nonetheless, the 
intimate relation of these tumors with the hypothalamus, 
optic apparatus, internal carotid arteries, and surround-
ing perforators still resulted in considerable perioperative 
morbidity. The introduction of the expanded endoscopic 
transnasal approaches in the early 2000s has reinvigo-
rated interest in surgically treating craniopharyngiomas 
via a transnasal route.2,3,9,16,19,27 The theoretical advantages 
of the transnasal route include greater visualization of the 
optic chiasm perforators, direct visualization of bilateral 
hypothalami, and the elimination of brain retraction. A 
recent systematic review found significantly greater rates 
of gross-total resection (GTR), improved visual outcome, 
and reduction of seizures, at the expense of significantly 
increased postoperative CSF leaks.15 However, significant 
selection bias exists in such a comparison, and larger se-
ries of transcranial operations for craniopharyngiomas 
suggested that better outcomes can be obtained at more 
experienced centers.7,11,12,23

Despite the growing experience in endoscopic endo-
nasal techniques, the treatment of craniopharyngiomas 
via this route still requires significant technical skill and 
experience. There is a paucity of literature regarding the 
learning curve associated with treating these uncommon 
tumors via the endonasal approach. In fact, very little pub-
lished documentation exists regarding the learning curve 
associated with endonasal cranial base cases in gener-
al.17,18,24,30,33 The purpose of the present study was to deter-
mine if, and to what extent, a learning curve exists for the 
endoscopic transnasal resection of craniopharyngiomas.

Methods
Study Population

The study population consisted of all cases from No-
vember 2005 to December 2015 treated at the authors’ 
institution of patients who had a histological diagnosis of 
craniopharyngioma and who were treated via an endo-
scopic transnasal approach. Endoscopic skull base cases 
were initially performed at our institution starting in 2004. 
To assess for a learning curve effect, craniopharyngioma 
cases were divided into an early cohort (2005–2009) and 
a late cohort (2010–2015).

All patients underwent a preoperative biochemical 
endocrinological evaluation including morning (7–8 am) 
serum cortisol or adrenocorticotropin hormone (ACTH) 
stimulation test, ACTH growth hormone, insulin-like 
growth factor-1, prolactin, thyroid-stimulating hormone, 
free T4, luteinizing hormone, follicle-stimulating hormone, 
and testosterone. Although some patients had a component 
of increased thirst and urination preoperatively, a diagno-

sis of preoperative diabetes insipidus (DI) was considered 
only if desmopressin was started preoperatively. All pa-
tients underwent postoperative endocrine testing in the 
follow-up period, and postoperative endocrine deficits 
were diagnosed by the presence of corresponding low se-
rum values or if the patient already required replacement 
hormonal therapy.

All patients underwent pre- and postoperative visual 
acuity and Humphrey visual field testing performed by an 
independent ophthalmologist. Visual outcome was graded 
as improved, stable, or worse. Body mass index (BMI) 
was recorded just prior to surgery and at the most recent 
follow-up time point.

All patients were evaluated preoperatively by an otolar-
yngologist, and all underwent thin-slice CT scanning of 
the sinus and a volumetric contrast-enhanced MRI, unless 
medically contraindicated. The hypothalamus was consid-
ered involved if the tumor displaced or invaded the me-
dial or inferior hypothalamus on at least one side. Extent 
of resection on postoperative MRI was defined as GTR, 
near-total resection (NTR) if > 95% of the tumor was re-
moved, and subtotal resection (STR) if < 95% of the tumor 
was removed. MRI assessment of extent of resection was 
performed by an independent neuroradiologist. Recur-
rence and progression were defined as the appearance of 
new tumor after a previous GTR or the growth of residual 
tumor after NTR or STR, respectively. This retrospective 
study was approved by the Thomas Jefferson Institutional 
Review Board.

Operative Technique
A 2-surgeon, 4-handed technique with binostril access 

was employed. The surgical technique has been previous-
ly described.8 A few nuances are noted as follows. Middle 
turbinates were lateralized rather than resected in all pa-
tients. The bone of the tuberculum sella was removed lat-
erally to include the lateral tubercular strut to provide wide 
access to bilateral medial opticocarotid recesses. The su-
perior intercavernous sinus was controlled either by direct 
electrocautery or by injection of hemostatic agents into the 
sinus. Aggressive central debulking was performed in all 
cases to allow greater ease in mobilization of the tumor 
capsule. Reconstruction of the skull base varied in earlier 
cases but, around 2008, was standardized to a fascia lata 
inlay/onlay button graft as we have previously described, 
followed by a vascularized nasoseptal flap, synthetic dural 
sealant, and absorbable packing.2 Middle turbinates were 
medialized at the end of the procedure. No nonabsorbable 
materials, stents, or balloons were used. Lumbar drains 
were infrequently used, but were so used at the discretion 
of the treating surgeon. Antibiotic prophylaxis with a first-
generation cephalosporin or vancomycin in the setting of 
penicillin allergy was administered within 1 hour prior to 
surgery and continued for 24 hours postoperatively.

Statistical Analysis
To compare the early and late cohort demographics, 

tumor characteristics, and outcomes, a 2-sided chi-square 
analysis was performed for categorical variables. For vari-
ables with counts fewer than 5, a 2-sided Fisher’s exact test 
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was performed. A 2-sided t-test was used for all continu-
ous variables. p < 0.05 was considered significant.

Results
A total of 49 endoscopic endonasal resections were per-

formed in 43 patients from November 2005 to December 
2015. Only the index endoscopic endonasal operation per-
formed at our institution was included in the final analysis, 
leaving 43 patients/operations for analysis.

The mean age was 42.3 years overall and was not sig-
nificantly different between early and late cohorts (44.9 
vs 40.0 years, respectively; p = 0.309) (Table 1). There 
was a slight male predominance (58%) overall, and it was 
similar between cohorts. All patients presented with some 
degree of visual loss attributable to the tumor. Other com-
mon presenting symptoms included headache (49%), en-
docrinopathy (30%), fatigue (14%), weight gain (7%), and 

memory or cognitive impairment (5%). There were no sig-
nificant differences in presentation between cohorts.

Twelve patients (28%) had prior surgery for resection 
of craniopharyngioma. Of these 12 patients, 8 had a prior 
transcranial approach and 4 had a prior transsphenoidal 
approach. There were no significant differences between 
the 2 cohorts. Prior Ommaya reservoir placement was per-
formed only in 1 patient, and no patient had previously re-
ceived intracystic therapy. Four patients (9%) had a history 
of radiotherapy to treat the craniopharyngioma.

Median tumor diameter in the early cohort was 29 mm 
compared with 30 mm in the late cohort (Table 2). The 
majority (67%) of tumors were both solid and cystic. A mi-
nority of patients had predominantly cystic (21%) or solid 
(12%) tumors. Tumor consistency was similar between 
cohorts. Most patients (88%) had tumors involving the 
hypothalamus. The adamantinomatous histological sub-

TABlE 1. Patient history and demographics in early and late cohorts

History Total Early (n = 20) Late (n = 23) p Value

Mean age (range) 42.3 (14–74) 44.9 (19–74) 40.0 (14–65) 0.309
Sex
 Male 25 (58%) 12 (60%) 13 (57%) 0.818
 Female 18 (42%) 8 (40%) 10 (43%) —
Presenting symptoms
 Vision loss 43 (100%) 20 (100%) 23 (100%) —
 Headache 21 (49%) 8 (40%) 13 (57%) 0.280
 Endocrinopathy* 13 (30%) 4 (20%) 9 (39%) 0.203
 Weight gain 3 (7%) 0 3 (13%) 0.236
 Fatigue 6 (14%) 1 (5%) 5 (22%) 0.192
 Memory/cognitive 2 (5%) 2 (10%) 0 0.210
Prior surgery
 Transcranial 8 (19%) 5† (25%) 3 (13%) 0.440
 Transsphenoidal‡ 4 (9%) 2 (10%) 2 (9%) —
Prior radiotherapy 4 (9%) 3 (15%) 1 (4%) 0.324
Prior intracystic therapy
 Ommaya reservoir 1 (2%) 0 1 (4%) —
 Intracystic therapy 0 0 0 —

* Included DI causing polyuria, hypogonadism leading to erectile dysfunction, decreased libido, or amenorrhea, and growth retardation.
† This included 1 patient who underwent a transventricular biopsy and cyst fenestration.
‡ In both early and late groups, there was one patient who previously underwent a microscopic transsphenoidal approach and who previously 
underwent an endoscopic transsphenoidal approach.

TABlE 2. Preoperative MRI characteristics

Characteristic Total Early (n = 20) Late (n = 23) p Value

Max tumor diameter mean, median (range) in mm 30.6, 29 (10–81) 34.0, 29 (15–81) 27.6, 30 (10–40) 0.103
Tumor consistency*
 Solid 5 (12%) 3 (15%) 2 (9%) 0.650
 Cystic 9 (21%) 4 (20%) 5 (22%) —
 Both 29 (67%) 13 (65%) 16 (70%) 0.750
Hypothalamic involvement† 38 (88%) 19 (95%) 19 (83%) 0.351

* Tumor was graded as primarily cystic or solid if > 90% of the tumor was cystic or solid, respectively. 
† Hypothalamic involvement was present if the tumor displaced or invaded the medial or inferior hypothalamus on at least one side.
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type was more common (67%) than the papillary subtype 
(30%) overall, but the distribution of histological subtypes 
between cohorts was similar.

The extent of resection was significantly different be-
tween early and late cohorts. Gross-total resection was 
achieved in 65% of cases in the late cohort compared with 
only 20% in the early cohort (p = 0.005) (Table 3). Sub-
total resection was performed in 40% of early cases com-
pared with only 13% of late cases (p = 0.078).

Complications were more frequent in the early cohort 
(Table 3). A CSF leak occurred in 8 patients (40%) in the 
early cohort compared with only 1 (4%) in the late co-
hort (p = 0.007). There was 1 carotid artery injury and 1 
stroke (in the same patient) in the early cohort only. There 
were 2 cases of meningitis in the early cohort only. Major 
neurological complications including new hydrocepha-
lus, meningitis, carotid artery injury, or stroke occurred 
in 6 patients (14%) (8 complications) in the early cohort 
compared with only 1 (4%) in the late cohort (p = 0.037). 
Median length of stay was 6 days for both cohorts. How-
ever, there was a significant difference in discharge status 

between cohorts. In the early cohort, only 64% of patients 
were discharged to home (as opposed to rehabilitation or 
nursing facility) compared with 95% in the late cohort (p 
= 0.024).

Visual outcome results were available in 37 patients 
and were similar between cohorts (Table 4). Overall, vi-
sual improvement was seen in 84% of patients. The overall 
rate of vision normalization was 24%. Postoperative vi-
sion was stable in 5 patients (14%) and worsened in 1 (3%), 
with the single case of visual deterioration occurring in a 
patient in the early cohort.

Postoperative endocrinopathy was much more common 
in the late cohort, most likely a reflection of the more ag-
gressive resection and greater proportion of infundibulum 
sacrifice (Table 5). New or worsening anterior pituitary 
endocrinopathy occurred in 5 (28%) of 18 patients in the 
early cohort compared with 15 (65%) of 23 in the late co-
hort (p = 0.017). Normal postoperative endocrine func-
tion was only achieved in 1 patient (4%) in the late cohort 
compared with 5 (28%) in the early cohort (p = 0.070). 
New permanent DI was significantly more frequent in the 
late cohort (61% vs 21%, p = 0.013). In the early cohort, 
the infundibulum was preserved in 15 patients (75%). In 
the remaining cases, the infundibulum was not identified 
and was likely sacrificed in a prior operation (3 patients) 
or was indeterminate on review of the operative report (2 
patients). Conversely, in the late cohort, the infundibulum 
was only preserved in 2 patients (9%) and was intentionally 
sacrificed in 16 (70%), which was a statistically significant 
difference between cohorts (p < 0.001). In the remaining 
cases in the late cohort, the infundibulum was not identi-
fied and likely sacrificed in a prior operation (3 patients) 
or was indeterminate on review of the operative report (2 
patients). Of the total 17 patients with infundibulum pres-
ervation, preoperative anterior pituitary function was nor-
mal in 6 patients and partial hypopituitarism was present 
in 8 patients. After surgery with infundibulum preserva-
tion, of the 6 patients with normal anterior pituitary func-
tion, 5 remained with normal function and 1 developed 
panhypopituitarism. Of the 8 patients with preoperative 
partial hypopituitarism, 4 remained stable and 4 devel-
oped further hypopituitarism. Of these 17 patients, preop-
erative DI was absent in 15. Postoperatively, 3 (20%) of 
these patients developed permanent DI, whereas posterior 
pituitary function was preserved in 15 (80%). The avail-
ability of preoperative BMI data in the early cohort was 
limited. Therefore, change in BMI between the most re-
cent follow-up and preoperative state was only determined 
in 26 patients (5 early and 21 late cohort). The mean rate 
of BMI increase was 3.1. Of the 26 patients, 15 (58%) had 
a BMI increase of > 2 and 7 (27%) had a BMI increase > 5.

TABlE 3. Surgical outcomes

Surgical Outcome Total
Early  

(n = 20)
Late  

(n = 23)
p 

Value

Histological subtype*
 Adamantinomatous 29 (67%) 14 (74%) 15 (65%) 0.739
 Papillary 13 (30%) 5 (26%) 8 (35%) —
Extent of resection†
 STR 11 (26%) 8 (40%) 3 (13%) 0.078
 NTR (>95%) 13 (30%) 8 (40%) 5 (22%) 0.193
 GTR 19 (44%) 4 (20%) 15 (65%) 0.005
Complications
 New hydrocephalus 5 (12%) 4 (20%) 1 (4%) 0.167
 Meningitis 2 (5%) 2 (10%) 0 0.210
 CSF leak 9 (21%) 8 (40%) 1 (4%) 0.007
 Hyponatremia 1 (2%) 0 1 (4%) —
 Seizure 1 (2%) 0 1 (4%) —
 Medical complications‡ 6 (14%) 4 (20%) 2 (9%) 0.393
 Rhinological complica-

tions§
8 (19%) 4 (20%) 4 (17%) —

 Carotid artery injury 1 (2%) 1 (5%) 0 0.465
 Stroke 1 (2%) 1 (5%) 0 0.465
Median length of stay (days) 6 6 6 —
Discharge status¶
 Home 30 (83%) 9 (64%) 21 (95%) 0.024
 Rehabilitation or nursing 

facility
6 (17%) 5 (36%) 1 (5%) —

* One patient did not have enough tissue to determine histological subtype.
† As determined by postoperative MRI. Six patients had planned STR due to 
the nature of their tumor (3 underwent STR and 3 underwent NTR [> 95%]). 
‡ Deep vein thrombosis, pulmonary embolus (n = 2), urinary tract infection, 
thrombophlebitis requiring intravenous antibiotics, sepsis, and gastrointestinal 
bleed.
§ Epistaxis, anterior septal perforation (n = 4), sinusitis (n = 2), and saddle 
nose deformity.
¶ Not available in 7 patients.

TABlE 4. Postoperative visual outcome*

Visual Outcome Total Early (n = 20) Late (n = 23) p Value

Improved 31 (84%) 14 (88%) 17 (81%) 0.680
 Normalized 9 (24%) 6 (38%) 3 (14%) —
Stable 5 (14%) 1 (6%) 4 (19%) —
Worse 1 (3%) 1 (6%) 0 —

* Not available in 6 patients (14%). 
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Overall mean and median follow-up durations were 
40.4 and 29 months, respectively (Table 6). As expected, 
the mean follow-up duration was significantly longer in 
the early cohort (53.4 vs 29.2 months, p = 0.024). Twelve 
patients required adjuvant fractionated stereotactic radio-

therapy for incomplete resection. Although the difference 
in follow-up durations renders comparison difficult, 6 
patients (33%) in the early cohort developed tumor pro-
gression or recurrence compared with 4 (19%) in the late 
cohort (2 patients in each group had fewer than 3 months 
of follow-up). The overall mean time to progression/re-
currence was 17.5 months. The treatment of recurrence 
included multimodality therapies including Ommaya res-
ervoir placement, intracystic P32 isotope, reoperation, and 
stereotactic radiotherapy.

Discussion
Study Interpretation

This study demonstrates a significant learning curve in 
endoscopic endonasal resection of craniopharyngiomas. 
There was a statistically significant reduction in major neu-
rological complications and postoperative CSF leaks in the 
late cohort. In addition, there was a large statistically sig-
nificant increase in the proportion of patients discharged 
to home rather than to a rehabilitation or nursing facility 
in the late cohort. There was also a large statistically sig-
nificant increase in the rate of GTR in the late cohort. This 
may, in part, reflect a shift in practice with regard to stalk 
management, as there was a significant increase in the pro-
portion of stalk sacrifice in the late cohort. However, this 
is unlikely the sole explanation, as one would expect that 
a small rind of tumor left adjacent to the stalk in attempt 
to preserve it would convert a GTR to a NTR (> 95%). 
However, we saw a large decrease in STR as well (40% to 
13%), but this was not statistically significant (p = 0.078). 
As expected, the increased frequency of stalk sacrifice in 
the late cohort was accompanied by a significant increase 
in the rate of new postoperative endocrinopathy including 
panhypopituitarism and DI.

learning Curve in Craniopharyngioma Surgery
There currently exists no evidence regarding the learn-

ing curve for endoscopic endonasal craniopharyngioma 
surgery. Prior studies evaluating the learning curve in en-
doscopic endonasal pituitary surgery have yielded mixed 
results. Sonnenburg et al. evaluated their results with pi-

TABlE 5. Postoperative endocrine function outcome

Endocrine Function 
Outcome Total

Early  
(n = 20)

Late  
(n = 23)

p  
Value

Anterior pituitary function*
 Normal endocrine func-

tion
6 (15%) 5 (28%) 1 (4%) 0.070

 Stable partial hypopitu-
itarism

5 (12%) 4 (22%) 1 (4%) 0.150

 Stable panhypopituitarism 10 (24%) 4 (22%) 6 (26%) —
 Partial to panhypopitu-

itarism
10 (24%) 4 (22%) 6 (26%) —

 Normal to panhypopitu-
itarism

10 (24%) 1 (6%) 9 (39%) 0.025

DI†
 None 8 (19%) 6 (32%) 2 (9%) 0.112
 Transient only 10 (24%) 7 (37%) 3 (13%) 0.144
 Stable permanent 6 (14%) 2 (11%) 4 (17%) 0.673
 New permanent 18 (43%) 4 (21%) 14 (61%) 0.013
Infundibulum status
 Preserved 17 (40%) 15 (75%) 2 (9%) <0.001
 Sacrificed 16 (37%) 0 16 (70%) <0.001
 Not identified/prior 

sacrifice‡
6 (14%) 3 (15%) 3 (13%) —

 Indeterminate 4 (9%) 2 (10%) 2 (9%) —

* Data not available in 2 patients (5%). 
† Data not available in 1 patient. Five patients (12%) had a preoperative his-
tory of polydipsia and polyuria without hypernatremia or a known diagnosis of 
DI and were counted as having normal preoperative function. Three patients 
had permanent DI and 2 had transient only DI.
‡ If the infundibulum was not identified intraoperatively according to operative 
report and the patient had a history of resection and preoperative panhypopi-
tuitarism, it was believed that the infundibulum was likely sacrificed in the prior 
operation.

TABlE 6. Tumor control

Factor Total Early (n = 20) Late (n = 23) p Value

Adjuvant radiotherapy for STR/NTR 12 (28%) 7 (35%) 5 (22%) 0.334
Recurrence/progression* 10 (26%) 6 (33%) 4 (19%) 0.465
Mean time to recurrence/progression (mos) 17.5 16.7 18.8 0.882
Treatment of recurrence/progression
 Ommaya reservoir 5 4 1 —
 Intracystic P32 3 3 0 —
 Reoperation 4 2 2 —
 Radiotherapy (FSRT) 5 3 2 —
 Observed 1 0 1 —
Overall follow-up duration in mos: mean, median (range) 40.4, 29 (1–115) 53.4, 67 (1–115) 29.2, 23 (1–74) 0.024

FSRT = fractionated stereotactic radiotherapy.
* Two patients from each cohort (4 total) did not have at least 3 months of follow-up and were excluded.
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tuitary surgery and observed no evidence for a learning 
curve.33 Other studies have demonstrated evidence for 
learning curve, with varying estimates of the number of 
cases needed to advance beyond the learning curve. One 
study demonstrated that complications decreased after ap-
proximately 18–34 cases.30 Another study demonstrated 
significant improvement in visual outcome and operat-
ing time after 50 endoscopic endonasal pituitary cases.18 
It would seem self-evident that there would be a learning 
curve in expanded endonasal cranial base procedures in 
which the depth of surgical field is increased and the le-
sions are more intimately associated with critical neurovas-
cular structures.31,32 However, there is a paucity of evidence 
to demonstrate this learning curve and provide appropriate 
recommendations. One prior study demonstrated a learn-
ing curve in endoscopic endonasal chordoma resection 
with regard to GTR rates. In this study of 60 cases, the 
GTR rate progressively increased from 47% in the first 15 
cases to 93% in the last 15 cases.17

Our data clearly demonstrate an improvement in on-
cological outcomes as well as nonendocrine complication 
avoidance with increased experience using the endonasal 
endoscopic approach. To expedite surgical mastery of the 
procedure and allow for rapid progression along this learn-
ing curve, we have identified several key nuances in en-
donasal endoscopic craniopharyngioma surgery. Surgical 
judgment remains paramount, however, and the goals of 
surgery must be assessed on a case-by-case basis as im-
provements in extent of resection and visual outcomes may 
come at the expense of increased postoperative endocrine 
dysfunction.

Optimizing visual outcomes is one of the key end points 
of successful craniopharyngioma surgery. One of the pri-
mary advantages of the endoscopic endonasal approach is 
the direct visualization of the optic apparatus perforator 
vessels that arise off the superior hypophyseal arteries. 
While sacrifice of 1 or 2 smaller perforating branches may 
not necessarily result in vision loss, every attempt should 
be made to preserve each vessel when possible. During 
initial arachnoidal dissection, a plane between the left and 
right superior hypophyseal perforating branches is created 
and developed with a microdissector, sweeping the arach-
noid from inferior to superior and from medial lateral, to 
mobilize the optic apparatus perforators toward the optic 
chiasm. From a transcranial approach, these perforators of-
ten cannot be adequately visualized, and a prior meta-anal-
ysis demonstrated that better postoperative visual outcome 
was achieved with the endoscopic endonasal approach than 
with transcranial approaches.15

The second nuance in successful craniopharyngioma 
surgery is the prevention of ischemic injury, which can be 
one of the most devastating complications associated with 
removal of a benign tumor. Numerous perforators exist in 
the suprasellar region and interpeduncular fossa, includ-
ing the medial lenticulostriate vessels and the recurrent 
artery of Heubner arising from the anterior cerebral artery 
and/or anterior communicating artery, lateral lenticulo-
striate vessels arising from the M1 branch of the middle 
cerebral artery, and the thalamic perforators arising from 
the posterior communicating artery and/or posterior cere-
bral artery. Avoidance of primary direct injury requires 

steadfast adherence to the policy that resection of the tu-
mor capsule must be performed under direct visualization 
and with sharp dissection. Avoidance of any temptation 
to pull or perform blind dissection is critical to minimize 
vascular injury. Furthermore, secondary injury related to 
immediate or delayed vasospasm has been reported after 
craniopharyngioma surgery as well.22,28,29 Vasospasm may 
be related to subarachnoid hemorrhage caused by tumor 
dissection. However, it has also been hypothesized that 
the caustic nature of cystic craniopharyngioma fluid may 
also result in vasospasm. An experimental model with rat 
femoral arteries has demonstrated that direct contact of the 
vessel with craniopharyngioma cystic fluid induces arte-
rial vasospasm.13 Therefore, the craniopharyngioma cyst 
must be entered in a controlled fashion. A small opening 
is created in the cyst wall with simultaneous aspiration at 
the puncture site to avoid spillage of cyst contents into the 
subarachnoid space. Prevention of cystic fluid spillage into 
the subarachnoid space and/or third ventricle may also help 
decrease the likelihood of postoperative communicating 
hydrocephalus, CSF leak, aseptic meningitis, and possibly 
even distant ectopic seeding of the tumor.4

As stated previously, appropriate judgment in regard to 
the extent of surgical resection is also a critical nuance that 
can greatly impact outcome. When dissecting tumor from 
the walls of the hypothalamus, a gliotic plane can often be 
identified and used to enable safe tumor removal. However, 
occasionally tumor appears invasive or excessively adher-
ent to the hypothalamus and prudent judgment is required 
as to whether residual tumor must be left behind (Figs. 1 
and 2). Additionally, the nature of the craniopharyngioma 
capsule is such that it is often very adherent to the optic 
chiasm or perforating vessels. There is an increasing body 
of evidence demonstrating that long-term tumor control 
rates may be similar between GTR alone and STR fol-
lowed by adjuvant radiotherapy.34 Therefore, GTR at the 
expense of increased risk of hypothalamic injury, visual 
deterioration, or perforator injury is likely not justified.

In our series, we found a significant change in the man-
agement of tumor adherent to the infundibulum. Transin-
fundibular-type craniopharyngiomas incorporate the en-
tire infundibulum in the center of the tumor, and complete 
resection cannot be achieved without sacrifice of the infun-
dibulum14 (Fig. 3). However, other tumors may be parain-
fundibular (pre- or retroinfundibular), with the tumor aris-
ing eccentrically from the infundibulum (Fig. 4). In these 
cases, the tumor may be removed, with anatomical preser-
vation of the infundibulum. However, functional preserva-
tion does not always correlate with anatomical preserva-
tion, and the impact of hypopituitarism must be weighed 
against the risk of tumor recurrence. Furthermore, one 
must consider that the use of adjuvant radiotherapy may 
itself induce hypopituitarism in cases of functional infun-
dibulum preservation. Finally, in cases of planned STR or 
NTR due to adherence of the tumor to neurovascular struc-
tures, the added morbidity associated with infundibulum 
sacrifice may not be worth the limited additional oncologi-
cal benefit.

One of the last important aspects of the learning curve 
in endoscopic endonasal craniopharyngioma surgery per-
tains to nuances in cranial base reconstruction. In our 

Unauthenticated | Downloaded 05/23/23 11:01 PM UTC



learning curve in endoscopic craniopharyngioma surgery

Neurosurg Focus Volume 41 • December 2016 7

series, 6 of the CSF leaks occurred in the first 12 cases, 
prior to the use of nasoseptal flaps, which have been em-
ployed since 2007 at our institution. In addition, 2 of these 
12 cases were purely infradiaphragmatic tumors, in which 
oxidized cellulose onlay alone was used for reconstruction 
with no postoperative CSF leak. In the last 31 cases since 
2007 we have used an inlay/onlay fascia lata “button” re-

construction followed by nasoseptal flap placement.21 This 
technique resulted in 1 CSF leak in the 8 cases in which 
it was used in the early cohort. Subsequently, only 1 CSF 
leak occurred in the 23 cases of the late cohort.

limitations
There are several important limitations in this study. 

FIg. 1. Example of hypothalamic adherence. A: Preoperative coronal (upper) and sagittal (lower) T1-weighted (T1W) MR images 
with Gd. B: Postoperative coronal (upper) and sagittal (lower) T1W MR images demonstrating a small residual tumor, which, intra-
op eratively, was very adherent to the left hypothalamus. This was treated with fractionated stereotactic radiotherapy (FSRT). C: 
Five-year postoperative coronal (upper) and sagittal (lower) T1W MRI with Gd demonstrating stable residual tumor.

FIg. 2. Example of hypothalamic dissection. A: Preoperative coronal (upper) and sagittal (lower) T1W MR images with Gd. B: In-
traoperative views: dissection of tumor (T) from the right hypothalamus (H) (upper) and appearance after complete resection of 
tumor from the surface of bilateral hypothalami (H) (lower). Note that the third ventricle floor (TVF) has been displaced superiorly 
and is mostly intact. Mammillary bodies (asterisk) are visualized. Arachnoid of Liliequist membrane is intact and the basilar artery 
is visualized (white arrow). C: Postoperative coronal (upper) and sagittal (lower) T1W MR images with Gd demonstrating GTR.
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First, any time-based comparison will always be subject to 
bias because advances in scientific understanding, technol-
ogy, anesthetic technique, and perioperative management 
may contribute to better outcome in more recently treated 
patient populations compared with historical controls. 
However, the relatively short time interval and lack of time 
gap between the early and late cohorts may minimize this 

effect. Second, while data must be categorized together 
into cohorts for statistical assessment, the learning curve is 
a continuous process and therefore it is difficult to make a 
true determination if our cutoff of 20 cases is sufficient to 
progress beyond the learning curve in endoscopic endona-
sal craniopharyngioma surgery. Finally, significant differ-
ences in the length of follow-up prevent adequate compari-
son of recurrence rates between the early and late cohorts.

Patient Selection
Anatomical variations and pathological features must 

be carefully studied preoperatively. Some tumors may be 
best addressed surgically via a transcranial or staged ap-
proach. Tumors extending lateral to the optic nerves or 
involving the M1 segment of the middle cerebral artery 
may be very difficult to safely access from an endonasal 
approach. In addition, optic chiasm anatomy must be care-
fully studied. Normal anatomy of the optic chiasm can 
vary from prefixed to postfixed in an anteroposterior axis, 
and low to high in a craniocaudal axis.20 A high, prefixed 
chiasm provides the largest endonasal surgical working 
corridor into the retrochiasmatic space. Conversely, a low 
postfixed chiasm may be unfavorable from an endonasal 
perspective. Most craniopharyngiomas arising from the 
distal two-thirds of the infundibulum tend to displace the 
optic chiasm superiorly. One must be cognizant of the tu-
beroinfundibular type of craniopharyngioma, which arises 
from the floor of the third ventricle and often pushes the 
optic chiasm anteroinferiorly.25,26 Such tumors may require 
retraction of the optic chiasm to access the tumor, which is 
associated with increased risk of visual deterioration.

Conclusions
Overall, the results of this study suggest that high rates 

of GTR and visual improvement or even normalization 

FIg. 3. Example of stalk sacrifice. A: Preoperative sagittal T1W MR 
image with Gd demonstrating solid craniopharyngioma in the retrochi-
asmatic space.  B: Postoperative MR image demonstrating GTR and no 
recurrence 5 years after surgery. C: Intraoperative view demonstrat-
ing a transinfundibular-type tumor (T) that is deeply invested in the 
infundibulum (white arrow). Sacrifice was required for complete tumor 
resection. D: Intraoperative view after complete resection. a = cerebral 
aqueduct; H = hypothalamus; mb = mammillary bodies; OC = optic chi-
asm; PG = pituitary gland.

FIg. 4. Example of stalk preservation. Preoperative coronal (A) and sagittal (B) T1W MR images with Gd demonstrating cystic 
tumor within the right aspect of the sella with extension into the sphenoid sinus. Intraoperatively (C), the tumor was dissected off 
the infundibulum (I). Postoperative coronal (D) and sagittal (E) T1W MR images with Gd demonstrating GTR with preservation of 
the infundibulum. ba = basilar artery; OC = optic chiasm; PG = pituitary gland; * = posterior cerebral arteries.
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are achievable via the endoscopic endonasal approach for 
craniopharyngioma resection. However, we have demon-
strated that a learning curve clearly exists with regard to 
the extent of tumor resection and nonendocrine morbid-
ity. After 20 cases, we identified a significant decrease in 
major neurological complications as well as a significant 
increase in discharge to home status. Although there was 
a large decrease in the rate of postoperative CSF leak, this 
was largely attributable to early cases prior to the routine 
use of vascularized nasoseptal flaps. There was a signifi-
cant increase in new panhypopituitarism and DI, which is 
attributable to more frequent intentional stalk sacrifice in 
the late cohort. Rates of GTR significantly increased over 
time as well, which may also be partially attributable to 
the shift in infundibulum management from preservation 
to sacrifice.
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