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obJeCtive Craniopharyngiomas have historically been resected via transcranial microsurgery (TCM). In the last 2 
decades, the extended endoscopic endonasal (transtuberculum) approach to these tumors has become more widely ac-
cepted, yet there remains controversy over which approach leads to better outcomes. The purpose of this study is to de-
termine whether differences in outcomes were identified between TCM and extended endoscopic endonasal approaches 
(EEEAs) in adult patients undergoing primary resection of suprasellar craniopharyngiomas at a single institution.
MethoDs A retrospective review of all patients who underwent resection of their histopathologically confirmed cranio-
pharyngiomas at the authors’ institution between 2005 and 2015 was performed. Pediatric patients, revision cases, and 
patients with tumors greater than 2 standard deviations above the mean volume were excluded. The patients were di-
vided into 2 groups: those undergoing primary TCM and those undergoing a primary EEEA. Preoperative patient demo-
graphics, presenting symptoms, and preoperative tumor volumes were determined. Extent of resection, tumor histologi-
cal subtype, postoperative complications, and additional outcome data were obtained. Statistical significance between 
variables was determined utilizing Student t-tests, chi-square tests, and Fisher exact tests when applicable.
resUlts After exclusions, 21 patients satisfied the aforementioned inclusion criteria; 12 underwent TCM for resection 
while 9 benefitted from the EEEA. There were no significant differences in patient demographics, presenting symptoms, 
tumor subtype, or preoperative tumor volumes; no tumors had significant lateral or prechiasmatic extension. The extent 
of resection was similar between these 2 groups, as was the necessity for additional surgery or adjuvant therapy. CSF 
leakage was encountered only in the EEEA group (2 patients). Importantly, the rate of postoperative visual improvement 
was significantly higher in the EEEA group than in the TCM group (88.9% vs 25.0%; p = 0.0075). Postoperative visual 
deterioration only occurred in the TCM group (3 patients). Recurrence was uncommon, with similar rates between the 
groups. Other complication rates, overall complication risk, and additional outcome measures were similar between 
these groups as well.
CoNClUsioNs Based on this study, most outcome variables appear to be similar between TCM and EEEA routes 
for similarly sized tumors in adults. The multidisciplinary EEEA to craniopharyngioma resection represents a safe and 
compelling alternative to TCM. The authors’ data demonstrate that postoperative visual improvement is statistically 
more likely in the EEEA despite the increased risk of CSF leakage. These results add to the growing evidence that the 
EEEA may be considered the approach of choice for resection of select confined primary craniopharyngiomas without 
significant lateral extension in centers with experienced surgeons. Further prospective, multiinstitutional collaboration is 
needed to power studies capable of fully evaluating indications and appropriate approaches for craniopharyngiomas.
https://thejns.org/doi/abs/10.3171/2016.9.FOCUS16314
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Craniopharyngiomas are midline suprasellar brain 
tumors that often extend superiorly into the third 
ventricle and are composed of benign epithelial 

tissue.13,16,25 These tumors are thought to derive embryo-
logically from remnant cell rests after failure of the cranio-
pharyngeal duct of Rathke’s pouch to entirely disappear 
during development.24,25 Other midline suprasellar tumors 
that may also occupy this location include meningiomas, 
pituitary adenomas, gliomas, and germinomas, among oth-
ers.15 The incidence of craniopharyngioma is estimated at 
approximately 1 to 3 per 100,000 and occurs without sex or 
racial predilection.1,13 Diagnosis and referral to neurologi-
cal surgery is often delayed because of the tumor’s slow 
growth and the insidious onset of symptoms, including 
headache, endocrine dysfunction, and visual disturbance, 
classically in the form of bitemporal hemianopia.1,10,13 
Gross-total resection of these tumors represents the gold 
standard of treatment, although subtotal resection with ad-
juvant radiotherapy remains an alternative option when the 
tumor cannot be completely excised without placing the 
critical cerebrovascular structures at risk.13,16 The quality 
of life after resection is an important priority.

Craniopharyngiomas occupy a critical central anatomi-
cal location close to the third ventricle, the optic chiasm 
and tracts, the internal carotid arteries and their branches, 
and the pituitary stalk.13 Historically, neurosurgeons have 
employed a variety of transcranial microsurgery (TCM) 
corridors for reaching and removing these tumors, includ-
ing the anterolateral pterional and orbitozygomatic, ante-
rior subfrontal and bifrontal, and transcallosal-transven-
tricular approaches.29,32,33 All of these TCM approaches 
share the risk of brain retraction and, importantly, place 
the optic nerve between the surgeon and the tumor. The 
optic nerves must be manipulated for exposure of the tu-
mor, and the superior pole of the mass is placed within 
the operative blind spot. These factors increase the risk of 
postoperative neurological deficits, including visual dete-
rioration.17,21,33 Other complications include endocrinopa-
thy and stroke.9,10,17,22

Over the last decade, refinements in extended endo-
scopic endonasal approaches (EEEAs) have encouraged 
more surgeons to use this route.2,3,23,27 EEEA resection of 
craniopharyngiomas employs expanded transsphenoidal 
craniocaudal access via transtuberculum, transplanum, 
and transclival osteotomies.2,15,18 EEEA is a sensible ap-
proach for a subchiasmatic lesion extending into the third 
ventricle as it allows for exploration via a subchiasmatic 
operative corridor. Importantly, the tumor is debulked, 
and the optic apparatus is decompressed early before 
the nerves are handled. In addition, the tumor is exposed 
along its long axis; therefore, extended operative working 
angles are created for maximizing tumor resection while 
minimizing surgical blind spots. Finally, brain retraction 
and manipulation is avoided.4–6,12,17 The increased rate of 
CSF leakage and the limited selection of tumors that are 
appropriate candidates for this approach are some of the 
drawbacks of this corridor.12,15,16 Tumors with lateral ex-
tension beyond the carotid bifurcation or with vascular 
encasement are considered poor candidates for EEEA. In 
addition, the required specialized expertise limits the use 
of the approach. To date, no study has specified the pre-

cise number of cases or training requirements to obtain 
the necessary experience to be successful in using these 
endoscopic approaches.

There is great heterogeneity in the operative care of cra-
niopharyngiomas across different institutions, with limit-
ed evidence regarding the comparative benefits of TCM 
and EEEA routes. In 2012, Komotar et al. performed a 
meta-analysis of 88 retrospective case series to compare 
outcomes of TCM and EEEA for craniopharyngiomas.17 
Since that time, only one single-institution series has com-
pared the outcomes of TCM and EEEA in the hands of 
a single group of surgeons.15 The studies included in the 
meta-analysis and single-institution series included both 
primary and revision resections as well as noncraniopha-
ryngioma suprasellar pathologies.15,17 There remains a lack 
of consensus and evidence regarding the benefits of TCM 
versus EEEA in the setting of primary resection. In the 
current study, we aimed to evaluate the outcomes of TCM 
and EEEA operations for primary resection of craniopha-
ryngiomas in adults at our institution.

Methods
Institutional review board exemption through the In-

diana University Office of Research Compliance Human 
Subjects Division was obtained for the planned retrospec-
tive review prior to initiating patient identification or chart 
review. The Indiana University Department of Pathology 
and Laboratory Medicine surgical case log was queried 
for all patients with a histopathological diagnosis of cra-
niopharyngioma identified during the period from 2005 
through 2015. Noncraniopharyngioma midline suprasellar 
histopathologies such as pituicytoma, xanthogranuloma, 
meningioma, pituitary adenoma, glioma lymphoma, and 
germinoma were excluded from the search. Craniopha-
ryngioma diagnoses before 2005 were excluded to pursue 
case-control matching in the groups. Pediatric patients (< 
18 years of age) were excluded.

Adults undergoing either TCM or an EEEA for recur-
rent tumors were excluded to avoid confounding bias in 
results. Preoperative MRI studies were evaluated to accu-
rately determine anteroposterior, craniocaudal, and trans-
verse dimensions of all craniopharyngiomas. Tumor vol-
ume was calculated assuming a roughly spherical tumor 
configuration where tumor volume in cubic centimeters 
(cm3) = (anteroposterior × craniocaudal × transverse)/2. 
Large-volume tumors greater than 16 cm3 (~ 2 SDs larger 
than the combined mean tumor volume of all included pa-
tients) were excluded to create a group of tumors that were 
most likely approachable via TCM and EEEA corridors. 
None of the included patients had significant lateral exten-
sion of their tumors that would have precluded EEEA in 
this study. One independent neurosurgeon skilled in both 
EEEA and TCM approaches reviewed the preoperative 
images and confirmed that these tumors were amenable 
to both approaches.

The physical clinic records and electronic medical re-
cord were reviewed for all included patients. Patients were 
divided into 2 groups depending on operative records 
indicating whether TCM (pterional, orbitozygomatic, bi-
frontal, or transcallosal) or an EEEA (transsphenoidal/
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transtuberculum/transplanum) had been performed. Nota-
tion was made of postoperative closure technique in the 
EEEA group. As recurrent and revision procedures were 
excluded, no individual patient was represented in both 
groups of this study. Extent of resection (EOR) was based 
off of available postoperative imaging reports by an inde-
pendent neuroradiologist; postoperative MRI studies were 
unavailable for 3 patients who underwent TCM. For these 
3 patients, intraoperative evaluations of the operating sur-
geon were used. Reference to operative descriptions of the 
necessity to perform subtotal resection was documented. 
MRI reports and operative reports were also reviewed to 
determine tumor characteristics, including texture (solid, 
cystic, or mixed).

Patient preoperative records were analyzed to deter-
mine presenting symptoms, including headache, visual 
disturbance, diabetes insipidus (DI), or hypopituitarism. 
Postoperative hospital and clinic notes were reviewed for 
outcome data (hospital length of stay, seizures, wound 
infection, stroke/hemiparesis, CSF leakage, meningitis, 
permanent DI, hypopituitarism, hydrocephalus, hem-
orrhage, recurrence, perioperative mortality within 30 
days, need for adjuvant therapy or revision surgery, and 
follow-up length). Visual outcomes were categorized as 
improved, stable, or deteriorated based on preoperative 
and postoperative visual field examinations. Chart review 
of otorhinolaryngological patient records lacked detailed 
quality scoring data (sinonasal outcome test [SNOT-22]). 
The rhinologist, however, evaluated and documented the 
presence of nasal crusting, loss of sense of smell and taste, 
and persistent drainage during the postoperative follow-up 
visits in EEEA patients. As no objective data of sinonasal 
outcomes were measured, no statistical analysis for this 
metric was performed.

Statistical analysis between groups was performed to 
determine if significant differences existed between pro-
portions or means of perioperative and outcome data. 
SPSS software (version 23, IBM Corp.) was used for all 
data analysis. Descriptive statistics were used to analyze 
patient demographics, presenting symptoms, perioperative 
complications, EOR, need for adjuvant therapy, and tumor 
characteristics. Continuous variables were described with 
means, medians, and interquartile ranges as appropriate, 
while categorical variables were presented as frequencies/
percentages. Univariate comparisons were conducted us-
ing Student t-tests, chi-square tests, and Fisher exact tests. 
For all tests, p values < 0.05 were considered statistically 
significant.

results
Patient Demographics

We identified a total of 33 histopathological diagnoses 
of craniopharyngioma at our institution between 2005 and 
2015. Twelve cases were excluded by the established crite-
ria, leaving 21 patients in the study (12 TCM and 9 EEEA 
operations) (Fig. 1). Both patients removed for size exclu-
sion had undergone TCM operation as their approach. No 
significant demographic differences in mean patient age, 
sex, or presenting symptoms were identified. Visual distur-
bance represented the most prevalent presenting symptom 

in both groups, while headache was the second most com-
mon preoperative complaint (Table 1). No patient presented 
with isolated DI, but hypopituitarism was not uncommon.

operative techniques
Of the TCM cases, 75.0% were via a pterional ap-

proach and 8.3% each were via bifrontal, orbitozygomatic, 
and transcallosal approaches. Within the EEEA cases, all 
patients underwent a transsphenoidal/transtuberculum ap-
proach with tailored transplanum extension. In 88.9% of 
EEEA cases, closure used a combined underlay/overlay 
technique with a pedicled nasoseptal flap. The one case 
with a simpler closure technique (fat graft alone) without 
a pedicled nasoseptal flap did not result in CSF leakage 
postoperatively. In the first 6 years of our study, TCM was 
solely performed because of the absence of an anterior 
skull base–trained otorhinolaryngologist. After the ar-
rival of a fellowship-trained rhinologist at our institution, 
the proportion of EEEA cases increased dramatically over 
time (Fig. 2).

tumor Characteristics
Craniopharyngioma characteristics are enumerated in 

their entirety in Table 2. The preoperative tumor volumes 
were similar between surgical groups in our study, with 
no significant differences noted. Similarly, tumor consis-
tency on MRI and intraoperative reports were without sig-
nificant differences between the groups. Tumors in both 
groups uniformly exhibited suprasellar and retrochiasmat-
ic extension without significant lateral extension beyond 
the supraclinoid internal carotid artery. The histological 
subtype noted on pathology reports were predominantly 
adamantinomatous in both the TCM and EEEA groups, 
while the papillary histopathology was uncommon and 
the mixed subtype only occurred once; no significant dif-
ferences existed between the groups.

Postoperative Complications
Overall perioperative risk of any negative outcome 

was equivalent between groups (66.7% TCM vs 77.8% 
EEEA, p = 0.66). The complete listing of perioperative 
complications by group is tabulated in Table 3. Permanent 
DI represented the most frequent overall complication in 
both groups and affected approximately half of all pa-
tients without significant differences between the groups. 
Panhypopituitarism represented the second most com-
mon perioperative complication in our series, also with 
similar frequency between the groups. CSF leak only oc-
curred within the EEEA cases with the difference trend-
ing toward but failing to reach significance (0.0% TCM vs 
22.2% EEEA, p = 0.17). Recurrence, meningitis, stroke/
hemiparesis, and wound infections were rare complica-
tions in our series, without significant differences between 
the groups. No patients in either group experienced docu-
mented perioperative seizures, hydrocephalus, postoper-
ative hemorrhage, or perioperative mortality occurring 
within 30 days of the operation.

visual outcomes
Visual deterioration occurred only within the TCM 
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cases, and the difference did not achieve significance (p 
= 0.23; Table 4). The proportion of patients in each group 
who either maintained or improved their vision was with-
out any statistical significant difference (75% TCM vs 
100% EEEA, p = 0.23). While only 25% of TCM patients 
experienced improved visual outcomes, 88.9% of EEEA 
patients experienced improvement in postoperative vision, 
and this difference was determined to be statistically sig-
nificant (p = 0.0075).

other outcome Measures
Additional outcome data are tabulated in their entirety 

in Table 5. The overall mean length of stay was shorter in 
the EEEA group than in the TCM group, but this parame-
ter did not achieve significance. More variability in hospi-
tal length of stay was noted in the TCM group. Similarly, 
there was a shorter mean follow-up length in the EEEA 

group compared with the TCM group, which did not reach 
significance; again, there was a greater variability within 
the TCM group. A similar proportion of patients under-
went gross-total resection as determined by postoperative 
imaging and intraoperative inspection; this factor did not 
reach significance among the 2 groups. Of the patients in 
whom subtotal resection was performed, a similar propor-
tion went on to require adjuvant therapy in the form of 
radiotherapy and/or revision surgery without significant 
differences between these groups.

Discussion
Patient and tumor Characteristics

Our study found no significant differences between 
TCM and EEEA patients with regard to average age, sex, 
or types or frequencies of presenting symptoms. Likewise, 

Fig. 1. Flow diagram demonstrating case identification and exclusions to achieve final surgical group numbers.
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baseline tumor characteristics including preoperative vol-
ume, histopathological subtype, and consistency were all 
similar without significant differences between the groups. 
These findings are similar to those reported by Jeswani et 
al. in their evaluation of outcomes of TCM and EEEA for 
craniopharyngioma resection.15 This homogeneity between 
surgical groups suggests that our outcomes data reflect dif-
ferences deriving from the surgical approaches themselves 
rather than the inherent differences in the type of patient or 
tumor selected for one approach over the other. It is impor-
tant to note that all revision/recurrence cases were exclud-
ed from our series in an effort to remove any confounding 
bias derived from increased difficulty in reoperation in a 
scarred or previously radiated operative field, previously 
existing injury to the critical structures, or preexisting per-
manent DI as a previous surgical complication.

Postoperative endocrine Dysfunction
While no significant difference was noted in the pro-

portion of our patients whose surgical outcomes were 
complicated by permanent DI, this did represent a fre-
quent complication, affecting 50% of TCM patients and 
55.5% of EEEA patients. With regard to permanent DI 
rates, the rate for TCM patients in our series fared simi-
larly to that of 54.8% noted in the 2012 meta-analysis by 
Komotar et al.17 and the recent Jeswani et al. series, citing 
a permanent DI rate of 52.9% for TCM (no significant dif-
ference noted compared with their EEEA group).15 Other 
studies cited rates of postoperative permanent DI follow-
ing TCM approaches ranging from 23%,1 27.2%,28 43%,8 
to 50%.34 Our 55.5% postoperative rate of permanent DI 
in EEEA patients was comparable to the 48.1% rate cited 

tAble 1. Demographic data regarding mean patient age, sex, and presenting symptoms

Variable All Cases TCM EEEA p Value

No. of cases 21 12 (57.1) 9 (42.9)
Age in yrs
 Mean (SD) 50.1 (16.4) 48.3 (16.3) 52.4 (17.2) 0.59
 Median (IQR) 53 (41.5–64.5) 51.5 (40.5–62.5) 59 (46.8–71.3)
Male sex 13 (61.9) 7 (58.3) 6 (66.7) 1.00
Presenting symptom
 Headache 11 (52.4) 5 (41.7) 6 (66.7) 0.39
 Visual disturbance 18 (85.7) 10 (83.3) 8 (88.9) 1.00
 DI 0 (0) 0 (0) 0 (0)
 Hypopituitarism 7 (33.3) 4 (33.3) 3 (33.3) 1.00

IQR = interquartile range.
Unless otherwise indicated values are expressed as number of cases (%).

Fig. 2. Bar graph demonstrating percentages of primary craniopharyngioma resections by TCM versus EEEAs at our institution 
from 2005 to 2015. 
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by Cavallo et al. in their 2014 series of 103 EEEA patients5 
and the 44% rate found in the series of 12 adults by Jane et 
al.14 Our rate of DI in the EEEA group was notably higher, 
however, than the 27.7% rate cited in the meta-analysis by 
the Komotar et al.,17 the 31.6% rate found in the Jeswani et 
al. series,15 and the 32.3% rate in the Koutourousiou series 
of 64 patients.19

Panhypopituitarism in our series was less common than 
permanent DI with rates of 16.7% in the TCM group and 
33.3% in the EEEA group without the difference achiev-
ing statistical significance. Our rates were much lower 
than those reported in the meta-analysis by Komotar et al. 
of 48.1% and 47.1% for TCM and EEEA, respectively, and 
their intergroup difference also failed to achieve statisti-
cal significance.17 Our rates were also lower than those in 
the Jeswani et al. series of 38.2% and 42.1% for TCM and 
EEEA, respectively.15 Other reports of panhypopituitarism 
following TCM have cited rates similar to those of Komo-
tar et al. and Jeswani et al.1,9,29,33 Our EEEA panhypopitu-
itarism rate of 33.3% was in line with those found by the 
Koutourousiou series rate of 37.5%19 and the Leng et al. 
series rate of 38%,20 and it was better than the Cavallo et 
al. rate of 46.2%.5

visual outcomes
We found a statistically significant difference in the 

rate of postoperative visual improvement between our 
EEEA and TCM groups (88.9% vs 25%, respectively; p 
= 0.0075). This difference exceeded the significant dif-
ference between EEEA and TCM groups reported in the 
Komotar et al. meta-analysis (56.2% vs 33.1%, respec-
tively; p < 0.003).17 Our EEEA findings are similar to 
those published by Gardner et al. in their 2008 series in 
which 92% of patients demonstrated improved vision af-
ter EEEA.12 High rates of visual improvement following 
EEEA for craniopharyngiomas have been noted by others 
as well.5,7,11,26,30 The recent single-institution comparison of 
TCM versus EEEA by Jeswani et al. failed to demonstrate 
a statistically significant improvement in visual outcomes 
in their EEEA group.15

Visual deterioration occurred only in our TCM group, 
with 25% of patients experiencing some degree of visual 
decline; when compared with that of our EEEA outcomes, 

this result did not achieve significance (p = 0.23). This 
concern for higher risk of visual deterioration in TCM ap-
proaches is supported by the findings of the Komotar et al. 
meta-analysis where worsening vision was found in 11.3% 
of TCM cases versus only in 1.7% of EEEA cases (p < 
0.003).17 Other studies reported similar visual decline rates 
after TCM of 14.3%9 and 12.8%.28 Our results add to the 
growing evidence among many institutions that EEEA is 
superior to TCM approaches with regard to limiting visual 
deterioration and in maximizing the chance of visual im-
provement.

The significant improvement in postoperative vision 
in the EEEA group can be explained by the immediate 
decompression of the optic apparatus via subchiasmatic 
removal of the tumor via the transnasal route. However, 
the transcranial corridor places the optic nerves between 
the surgeon and the tumor; this phenomenon increases the 
risk for manipulation of the optic apparatus and resultant 
visual decline observed in the TCM group.

Cerebrospinal Fluid leakage
While there were no CSF leaks observed in our TCM 

group, our study was likely insufficiently powered to find 
a statistical difference considering the CSF leak rate of 
22.2% in our EEEA group (p = 0.17). The Komotar et al. 
meta-analysis found a comparable CSF leakage rate of 
18.4% for EEEA while the rate among the patients who 

tAble 2. tumor size, histopathological subtype, and 
consistency

Variable All Cases TCM EEEA p Value

No. of cases 21 12 (57.1) 9 (42.9)
Mean tumor vol in cm3 (SD) 6.5 (5.1) 7.8 (5.0) 4.6 (4.7) 0.16
Pathological type
 Adamantinomatous 17 (80.1) 11 (91.7) 6 (66.6) 0.27
 Papillary 3 (14.3) 1 (8.3) 2 (22.2) 0.55
 Mixed 1 (4.8) 0 (0) 1 (11.1) 0.43
Tumor consistency
 Mixed 14 (66.7) 8 (66.7) 6 (66.6) 1.00
 Cystic 7 (33.3) 4 (33.3) 3 (33.3) 1.00
 Solid 0 (0) 0 (0) 0 (0) 1.00

Unless otherwise indicated values are expressed as number of cases (%).

tAble 3. Postoperative and perioperative complications

Complication
All Cases  
(n = 21)

TCM  
(n = 12)

EEEA  
(n = 9)

p  
Value

Any complication 15 (71.4) 8 (66.7) 7 (77.8) 0.66
Wound infection 2 (9.5) 1 (8.3) 1 (11.1) 1.00
Stroke/hemiparesis 1 (4.8) 1 (8.3) 0 (0) 1.00
CSF leak 2 (9.5) 0 (0) 2 (22.2) 0.17
Meningitis 1 (4.8) 1 (8.3) 0 (0) 1.00
Seizures 0 (0) 0 (0) 0 (0)
Permanent DI 11 (52.4) 6 (50.0) 5 (55.5) 1.00
Panhypopituitarism 5 (23.8) 2 (16.7) 3 (33.3) 0.61
Hydrocephalus 0 (0) 0 (0) 0 (0)
Hemorrhage 0 (0) 0 (0) 0 (0)
Recurrence 2 (9.5) 1 (8.3) 1 (11.1) 1.00
Death 0 (0) 0 (0) 0 (0)
Vision deterioration 3 (14.3) 3 (25.0) 0 (0) 0.23

Unless otherwise indicated values are expressed as number of cases (%).

tAble 4. Postoperative visual outcomes

Visual  
Outcome

All Cases  
(n = 21)

TCM  
(n = 12)

EEEA  
(n = 9)

p  
Value

Improved 11 (52.4) 3 (25.0) 8 (88.9) 0.0075*
Stable 7 (33.3) 6 (50.0) 1 (11.1) 0.16
Deteriorated 3 (14.3) 3 (25.0) 0 (0) 0.23

Unless otherwise indicated values are expressed as number of cases (%).
* Statistically significant.
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underwent TCM was only 2.6%; this difference was sig-
nificant.17 Jeswani et al. also found a significant difference 
in their EEEA versus TCM CSF leakage rates at 26.3% 
and 0%, respectively.15 It is not surprising that CSF leakage 
is more likely to occur after EEEA as this approach opens 
a high CSF flow corridor between the third ventricle and 
the nasal cavity.

Our CSF leakage rate after EEEA is comparable to 
those in other studies evaluating EEEA for craniopharyn-
gioma resection.11,19,30 The majority of our patients in the 
EEEA group underwent a skull base repair performed by 
an otorhinolaryngologist trained in endoscopic closure uti-
lizing nasoseptal flaps. Institutions with high case volumes 
of EEEA and routinely utilizing nasoseptal flaps have re-
ported decreasing rates of CSF leakage at 14%,15 10.6%,19 
and even as low as 4%,5 3.8%,20 and 0%.14

other Complications
Complications such as wound infection, stroke/hemi-

paresis, and meningitis were too rare to provide grounds 
for determining statistical differences between groups, but 
the latter 2 outcome variables did occur only within the 
TCM group. None of our patients experienced postoper-
ative hydrocephalus despite it being reported in 15.8% of 
EEEA patients by Jeswani et al.,15 12.7% in EEEA patients 
by Koutourousiou et al.,19 and 15.8% in the Komotar et 
al. meta-analysis.17 Postoperative seizures, hemorrhage, 
and death within 30 days of surgery also did not occur 
in our series. For the Komotar et al. meta-analysis, the 
TCM group had a postoperative seizure rate of 8.5%, hem-
orrhage rate of 2.0%, and perioperative mortality rate of 
3.2%; their EEEA group had a postoperative seizure rate 
of 0%, hemorrhage rate of 3.2%, and perioperative mor-
tality rate of 1.9%.17 The overall risk of experiencing any 
complication in our series was not significantly different 
between groups (66.7% TCM vs 77.8% EEEA; p = 0.66). 
In comparison, Jeswani et al. found a higher risk of expe-
riencing any adverse outcome in the TCM group of 79.4% 
and a lower EEEA risk of 52.6%.15

Additional outcome Data
There existed no statistically significant difference 

in the mean hospital length of stay between the surgical 

groups in our study. It should be noted, however, that less 
variability was observed in the EEEA group as evidenced 
by the smaller standard deviation of that group. While this 
might suggest a more predictable postoperative disposi-
tion for EEEA patients, there are numerous confounding 
variables, including the general preoperative health of 
the patient, insurance status, time of year of surgery, and 
availability of family to assist the patient at the time of 
discharge. Similarly, the mean follow-up time was with-
out significant differences between surgical groups in our 
study; again, the EEEA group demonstrated much less 
variability by standard deviation. The same confounders 
and lack of power would impede a more in-depth analysis 
of follow-up data as well. Our mean follow-up time was 
notably shorter than the one published by the Komotar et 
al. meta-analysis of nearly 2000 days for TCM and 870 
days for EEEA.17 This discrepancy most likely reflects the 
statewide neurosurgery referral and surveillance patterns 
for our institution as well as the relatively short period of 
time we have had multidisciplinary collaboration with a 
rhinologist available for EEEA cases (Fig. 2).

EOR was not significantly different between our sur-
gical groups, with roughly the same percentage of cases 
achieving gross-total resection (58.3% TCM vs 55.5% 
EEEA, p = 1.00). It should be noted, however, that a limi-
tation of this present study is a lack of review of our EOR 
by multiple independent neuroradiologists. Jeswani et al. 
also failed to demonstrate a significant difference in gross-
total resection rates between TCM and EEEA cases.15 
While our data do not support a difference in gross-total 
resection rates between TCM and EEEA, the Komotar et 
al. meta-analysis did find statistically higher rates in the 
EEEA group (66.9% vs 48.3%, p < 0.003).17 Our TCM rate 
of gross-total resection was comparable to those reported 
by other studies.9,29,31–33 Likewise, our rate of gross-total 
resection in EEEA patients was consistent with those re-
ported by other authors,5,7,14,26 but some have reported 
gross-total resection rates as high as 86%20 and 89.6%12 for 
primary EEEA resections.

Regarding the proportion of our patients who under-
went subtotal resection, there were no significant differ-
ences found between the TCM and EEEA groups. Fur-
thermore, no significant difference existed in the ultimate 

tAble 5. Additional outcome measures

Variable All Cases TCM EEEA p Value

No. of cases 21 12 (57.1) 9 (42.9)
Mean hospital LOS in days (SD) 12.6 (12.0) 14.4 (15.2) 10.1 (5.4) 0.38
Mean follow-up time in days (SD) 313.6 (688.1) 375.6 (880.2) 216 (178.9) 0.57
EOR
 Gross total 12 (57.1) 7 (58.3) 5 (55.5) 1.00
 Subtotal 9 (42.9) 5 (41.7) 4 (44.4) 1.00
Therapy required after subtotal resection 6 (66.6) 3 (60.0) 3 (75.0) 1.00
 Revision surgery 2 (33.3) 1 (33.3)* 1 (33.3) 1.00
 Adjuvant radiotherapy 5 (83.3) 3 (100) 2 (66.6) 1.00

LOS = length of stay.
Unless otherwise indicated values are expressed as number of cases (%).
* One patient in the TCM group required adjuvant radiation that failed and the patient was ultimately treated with revision surgery via an EEEA.
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need for further surgical or radiotherapy in the setting of 
subtotal resection. Our findings are corroborated by the 
Komotar et al. meta-analysis and the results of Jeswani et 
al., which similarly found no significant difference in the 
need for adjuvant radiotherapy or surgery when comparing 
TCM to EEEA.15,17 Recurrence only occurred in a single 
patient in each of our surgical groups. The rates of tumor 
recurrence in the meta-analysis Komotar et al. were 28.2% 
in the TCM group and 18.4% in the EEEA group, and, as 
in our study, no significant difference was noted.17 None of 
our patients in either group experienced recurrence when 
gross-total resection had been documented.

Considerations and limitations
This present study focused its attention on cases of pri-

mary resection of craniopharyngioma in adult patients by 
TCM and EEEA at our institution in the last decade. In 
excluding pediatric and revision cases, we traded power 
in our study for comparing very similar groups of patients 
who underwent either surgical modality. We felt the re-
duction in power was a reasonable tradeoff to reduce con-
founding bias. For example, the EEEA data set in the Ko-
motar et al. meta-analysis was composed of 42.9% revision 
cases while their TCM data set included only 18.3% revi-
sion cases, a difference that surprisingly did not achieve 
significance in their study.17 Jeswani et al. admitted to a 
significant difference between their TCM and EEEA pro-
portion of revision cases (17.6% vs 42.1%, respectively; p 
= 0.05); this large difference between groups may have af-
fected their outcome measures.15 In the same study, a clos-
er evaluation of the preoperative tumor volume data shows 
that there was nearly a significant difference in the revi-
sion case tumor volumes between groups (4.3 cm3 TCM vs 
10.6 cm3 EEEA; p = 0.06).15 By excluding revision cases, 
our present study avoids these confounders but risked not 
achieving the power necessary to find likely real outcome 
differences such as the higher CSF leak rate in EEEA cas-
es and the proportion of postoperative visual deterioration 
in the TCM group.

As with any retrospective study, this current report is 
ultimately limited by the quality of data recorded in the 
clinical medical record. The lack of otorhinolaryngologi-
cal quality data utilizing the SNOT-22 scoring system 
limited postoperative sinonasal complaints and hyposmia/
anosmia rate evaluation in our study. However, to the best 
of our knowledge, none of our patients suffered from dis-
abling forms of these symptoms. There also exists the real 
risk for selection bias inherent to any surgical retrospec-
tive series. In their comparison of TCM and EEEA for cra-
niopharyngioma, Jeswani et al. found that 3 blinded neu-
rosurgeon reviewers were only able to achieve complete 
concordance in surgical approach selection in 17% of 53 
cases based on preoperative imaging; and they only agreed 
on the actual approach used in 11% of the 53 cases.15 By 
chance alone, these reviewers should have agreed 25% of 
the time and all selected the actual approach 12.5% of the 
time. Jeswani et al. therefore concluded that approach se-
lection was more likely determined by the neurosurgeon’s 
level of expertise and personal preferences rather than 
because of preoperative imaging or other demographic 
characteristics.15 Ultimately, it would require a random-

ized, prospective, dual-armed surgical trial to completely 
obviate the risk for selection bias in a comparison between 
TCM and EEEA for primary resection of craniopharyngi-
oma. Because of infrequent disease incidence and ethical 
considerations, this ideal study is unlikely to occur.

Conclusions
The prevalence of neurological and otorhinolaryngo-

logical surgeons experienced in endoscopic endonasal 
approaches to the anterior skull base is growing, and this 
phenomenon has resulted in an increase in the proportion 
of craniopharyngiomas resected via EEEA at many cen-
ters. Most outcome variables between TCM and EEEA are 
similar. The multidisciplinary EEEA for primary resec-
tion of select craniopharyngiomas represents a safe alter-
native to TCM. We found a significantly higher rate of im-
proved postoperative visual outcomes among EEEA cases 
when compared with those of TCM where there was a 
trend toward more visual deterioration. While differences 
in CSF leakage rates did not achieve statistical difference, 
CSF leaks were only observed within the EEEA group 
in our study. CSF leakage may prolong hospitalization or 
necessitate an additional trip to the operating room for re-
pair, but its negative impact on long-term quality of life is 
likely to be lower than deterioration in visual outcomes. 
Large tumors and those with significant lateral extension 
may still be best managed by means of TCM approaches. 
While limited by low power, our preliminary results add 
to the growing evidence that EEEA may be considered the 
approach of choice for primary craniopharyngioma resec-
tion of select tumors in centers with experienced surgeons. 
Further prospective, multiinstitutional collaboration will 
be needed to power studies capable of fully evaluating 
which approach is most appropriate for craniopharyngio-
mas.
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