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OBJECTIVE Craniopharyngiomas can be difficult to remove completely based on their intimate relationship with sur-
rounding visual and endocrine structures. Reoperations are not uncommon but have been associated with higher rates
of complications and lower extents of resection. So radiation is often offered as an alternative to reoperation. The endo-
nasal endoscopic transsphenoidal approach has been used in recent years for craniopharyngiomas previously removed
with craniotomy. The impact of this approach on reoperations has not been widely investigated.

METHODS The authors reviewed a prospectively acquired database of endonasal endoscopic resections of cranio-
pharyngiomas over 11 years at Weill Cornell Medical College, NewYork-Presbyterian Hospital, performed by the senior
authors. Reoperations were separated from first operations. Pre- and postoperative visual and endocrine function, tumor
size, body mass index (BMI), quality of life (QOL), extent of resection (EOR), impact of prior radiation, and complications
were compared between groups. EOR was divided into gross-total resection (GTR, 100%), near-total resection (NTR, >
95%), and subtotal resection (STR, < 95%). Univariate and multivariate analyses were performed.

RESULTS Of the total 57 endonasal surgical procedures, 22 (39%) were reoperations. First-time operations and reop-
erations did not differ in tumor volume, radiological configuration, or patients’ BMI. Hypopituitarism and diabetes insipi-
dus (DI) were more common before reoperations (82% and 55%, respectively) compared with first operations (60% and
8.6%, respectively; p < 0.001). For the 46 patients in whom GTR was intended, rates of GTR and GTR+NTR were not
significantly different between first operations (90% and 97%, respectively) and reoperations (80% and 100%, respec-
tively). For reoperations, prior radiation and larger tumor volume had lower rates of GTR. Vision improved equally in first
operations (80%) compared with reoperations (73%). New anterior pituitary deficits were more common in first opera-
tions compared with reoperations (51% vs 23%, respectively; p = 0.08), while new DI was more common in reoperations
compared with first-time operations (80% vs 47%, respectively; p = 0.08). Nonendocrine complications occurred in 2
(3.6%) first-time operations and no reoperations. Tumor regrowth occurred in 6 patients (11%) over a median follow-up of
46 months and was not different between first versus reoperations, but was associated with STR (33%) compared with
GTR+NTR (4%; p = 0.02) and with not receiving radiation after STR (67% vs 22%; p = 0.08). The overall BMI increased
significantly from 28.7 to 34.8 kg/m? over 10 years. Six months after surgery, there was a significant improvement in
QOL, which was similar between first-time operations and reoperations, and negatively correlated with STR.
CONCLUSIONS Endonasal endoscopic transsphenoidal reoperation results in similar EOR, visual outcome, and im-
provement in QOL as first-time operations, with no significant increase in complications. EOR is more impacted by tumor
volume and prior radiation. Reoperations should be offered to patients with recurrent craniopharyngiomas and may be
preferable to radiation in patients in whom GTR or NTR can be achieved.
http://thejns.org/doi/abs/10.3171/2016.1.JNS152238
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thelial tumors arising from remnants of Rathke’s
pouch in the craniopharyngeal duct.>*¢ Although
histologically benign, they can be challenging to remove
surgically due to their calcified nature and proximity to
critical neurovascular structures, such as the hypothala-
mus, infundibulum, pituitary gland, optic pathway, and
circle of Willis. For these reasons, tumors can recur even
after apparent gross-total resection (GTR).">!¢ Tumor
recurrence is generally managed by either reoperation
or radiation, the latter being effective at controlling the
growth of solid tumors but less effective at controlling the
growth of associated tumor cysts.?-%3! Previous publica-
tions have highlighted the higher risk of complications
and lower extents of resection (EORs) following reopera-
tion, which has resulted in an increase in the utilization of
radiation in the setting of recurrent tumors .51
The endonasal endoscopic transsphenoidal approach
has recently been introduced as an alternative to crani-
otomy for craniopharyngiomas extending up into the su-
prasellar cistern and third ventricle, even in the absence
of sellar involvement. This approach provides a unique
view under and behind the chiasm, which some authors
feel provides the ability to achieve higher rates of resec-
tion with improved visual outcomes.>73-33-3846 How the
endonasal approach has impacted outcomes following re-
operation and whether the algorithm for selecting patients
for reoperation should change is not clear. In the present
study, we examined outcomes from endonasal endoscopic
reoperations for craniopharyngiomas and compared them
with outcomes following first-time operations, including
not only the extent of resection but also body mass index
(BMI) and quality of life (QOL). We show that the results
of reoperations are comparable to those achieved with
first-time operations and may be preferable to radiation for
tumors amenable to near-total resection (NTR).

Methods

All patients who underwent endonasal endoscopic
extended transsphenoidal surgery for craniopharyngio-
mas at the Institute for Minimally Invasive Skull Base
and Pituitary Surgery at Weill Cornell Medical College,
NewYork-Presbyterian Hospital between July 2004 and
August 2015 were enrolled in a prospective database with
the requisite institutional review board approval. All the
patients underwent evaluation by a team comprising spe-
cialists from neurosurgery, otolaryngology, ophthalmol-
ogy, endocrinology, and radiation oncology. We separated
those undergoing reoperation from those undergoing a
first-time operation. The latter were used as a comparison
group for the former. The clinical assessment included
demographics, general examination, BMI (kg/m?), visual
field, and QOL. The blood samples were evaluated for
prolactin (PRL), free thyroxine, fasting morning cortisol,
insulin-like growth factor-1, testosterone, estrogen, folli-
cle-stimulating hormone, luteinizing hormone, serum so-
dium, and urine specific gravity. The radiological evalu-
ation included contrast-enhanced CT and MRI under a
neuronavigation protocol. The diameter of tumors was
noted in 3 mutually perpendicular planes, and the volume
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was then calculated using an ellipsoid model “(ABC)/2”
equation.

Quality of Life

QOL was assessed using the anterior skull base surgery
questionnaire (ASBS-Q), a site-specific QOL instrument
that has been validated for use in patients undergoing an-
terior skull base surgery.!''846 The ASBS-Q is a 35-item
survey divided into 6 QOL domains: role of performance
(6 items), physical function (7 items), vitality (7 items),
pain (3 items), specific symptoms (7 items: appetite, taste,
smell, appearance, epiphora, nasal secretions, and visual
disturbances), and impact on emotions (5 items). Its in-
ternal reliability score is 0.8 and the test-retest reliability
score is 0.9. Responses are recorded on a 5-item Likert
scale, ranging from 1 to 5 points for each item. Subscores
are calculated for each domain as well as for the entire in-
strument. Total scores range from 35 to 175, with a higher
score representing better QOL.

Surgical Procedure

All surgeries were performed by the senior authors
(T.H.S. and VK.A)) and assisted by pediatric neurosur-
geons (M.M.S. and J.P.G)) in children. The approach was
usually transsphenoidal, transsellar, and transtuberculum-
planum. The surgical steps have been elaborated previ-
OuSly.7’12’33’36’50

At the beginning of the procedure, a lumbar drain was
placed and 0.25 ml of 10% fluorescein (AK-FLUOR,
Akorn) was injected into 10 ml of CSE.*’ Patients were
positioned in skull pin fixation for intraoperative neuro-
navigation. The middle turbinates were lateralized. A vas-
cularized nasoseptal flap was raised and set aside in the
nasopharynx for subsequent reconstruction. Wide sphe-
noidotomy and posterior ethmoidectomy were performed.
The bone removal included the top of the sella, tuberculum
sellae, and parts of the planum sphenoidale as per size of
the tumor noted in navigation, and both medial opticoca-
rotid recesses constituted the lateral extent. The superior
intercavernous sinus was coagulated and resected along
with the diaphragma sella. The tumor was internally deb-
ulked and meticulously separated from adjacent neurovas-
cular structures using sharp microdissection. All attempts
were made to preserve the infundibulum and superior hy-
pophyseal arteries as long as possible, but these were re-
sected if necessary to achieve a GTR if that was the goal
of surgery. In many patients, the roof of the third ventricle
and the foramen of Monro could be seen at the end of sur-
gery. The closure was performed with a gasket-seal closure
covered with a nasoseptal flap.2'%37445 An onlay piece of
autologous fascia lata larger than the bone defect was coun-
tersunk with a rigid buttress, such as Medpor (Stryker). The
nasoseptal flap was placed over this construct all around
and covered with Duraseal (Covidien). A lumbar drain was
left in place for approximately 24 hours.

Goals of Surgery

In most adult cases, the aim of surgery was GTR. In
select situations (children with hypothalamic involvement,
elderly with comorbidities, intact pituitary function in a

J Neurosurg Volume 126  February 2017 419

Unauthenticated | Downloaded 01/31/22 07:39 PM UTC



S. Dhandapani et al.

patient unwilling to accept a postoperative loss of func-
tion), patients were planned for intentional subtotal resec-
tion (STR), fenestration-decompression of cyst or biopsy,
followed by radiation therapy, or observation. The EOR
was confirmed by comparison of preoperative and im-
mediate postoperative contrast-enhanced MRI. EOR was
categorized as 100% (GTR), = 95% and < 100% (NTR),
and < 95% (STR). Those who had NTR and GTR =
95% were sometimes grouped for statistical purposes as
“NTR+GTR.”

Outcome and Follow-Up

Patients were assessed by clinical, laboratory, and ra-
diological evaluation throughout the hospital stay, and at
3 weeks, 6 weeks, 3 months, 6 months, 1 year, and every
2 years subsequently, for any new clinical features, CSF
leak, BMI, visual fields, anterior pituitary function, dia-
betes insipidus (DI), tumor regrowth, and ASBS-Q QOL
scores.

Statistical Analysis

Statistical analysis was performed using SPSS (version
21.0, IBM Corp.). Continuous variables were considered
nonparametric as per the Shapiro-Wilk test and were re-
ported as median with interquartile range (IQR). Categori-
cal data were reported as counts and proportions in each
group. Univariate analyses of continuous variables across
binary categories were compared using the Mann-Whit-
ney U-test and across multiple categories using the Krus-
kal-Wallis test. The serial changes in continuous variables
over time were analyzed by using the Wilcoxon signed-
rank test (2 samples) or Friedman’s 2-way ANOVA (= 3
samples). The bivariate relationship between 2 continuous
variables was assessed using the Spearman’s correlation
coefficient. Proportions were compared using the chi-
square or Fisher exact test wherever appropriate. Subgroup
analyses were performed using the Breslow-Day test of
homogeneity of odds ratios (ORs). Two-sided significance
tests were used throughout, and the significance level was
kept at p < 0.05. Multivariate analyses on categorical out-
comes were conducted using logistic regression, and on
continuous outcomes with the general linear model with
mandatory significance of the model coefficient set at <
0.05, after adjusting for various known prognostic factors.

Results

The overall cohort consisted of a total of 57 endoscopic
endonasal extended transsphenoidal surgical procedures,
performed for craniopharyngioma in 55 patients since
2004. The median age of patients at surgery was 45 years
(range 5-85 years), with 9 children (= 18 years) and 19
elderly (= 60 years). There were 25 males and 32 females.
Of these 57 procedures, 22 (39%) were reoperations for
residual/recurrent tumors, while 35 (61%) were primary
first-time operations. Among the 22 reoperations, 9 pa-
tients underwent a prior transcranial approach, 4 under-
went prior endonasal endoscopic surgery, 1 underwent
both prior transcranial as well as endonasal endoscopic
approaches, and 8 underwent previous transventricular
endoscopic fenestration and biopsy. With the exception of
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surgeries in 3 patients (2 prior endonasal surgeries and 1
prior transventricular biopsy and fenestration), other sur-
geons performed the initial surgeries. Ten patients had
already received radiation (9 conventional fractionated
radiotherapy and 1 Cyberknife [Accuray]). Nine patients
(16%) had undergone prior CSF diversion. Pathology was
mostly adamantinomatous (n = 52) and papillary (n = 2).
A few patients were believed to have craniopharyngiomas
with xanthogranulomatous change (n = 3).

Preoperative Features
Tumor Size and Radiographic Characteristics

The median maximum diameter and volume of the
tumors were 25 mm (IQR 18-30 mm) and 3.7 ml (IQR
1.9-8.0 ml), respectively. The median maximum diam-
eter and volume were 23.5 mm (IQR 18.5-30 mm) and
3.6 ml (IQR 1.5-7.7 ml) for first operations and 26 mm
(IQR 18-29 mm) and 4.1 ml (IQR 2.0-8.4 ml) for reop-
erations, which was not statistically different (p = 0.89 and
p = 0.71, respectively). First operations and reoperations
had a similar distribution of sellar-suprasellar (14 [40%)]
and 9 [41%], respectively), purely suprasellar (5 [14%] and
2 [9%], respectively), and purely third ventricular (2 [6%]
and 0, respectively) tumors. Noncalcified tumors were
equally distributed between first operations (4 [11%]) and
reoperations (2 [9%]).

BMI, Visual, and Endocrine Deficits

Baseline BMI of the study group ranged from 17 to 54
kg/m?, with a median of 28.7 kg/m? (IQR 24.6-33.7 kg/
m?). Obesity (BMI = 30 kg/m?) was noted in 23 patients.
Median baseline BMI for first-time and reoperations was
28.2 kg/m? (IQR 24.8-32.4 kg/m?) and 30.6 kg/m? (IQR
24.6-34.8 kg/m?), which was not statistically different (p
=0.32).

Vision was normal in 8 patients, anterior chiasmal field
defects were noted in 12 (unilateral defects in 4, bitem-
poral defects with additional unilateral central defects in
8), midposterior chiasmal field defects were noted in 32
(bitemporal defects in 31, homonymous defect in 1), while
5 had nonspecific field abnormalities (Table 1). All 8 pa-
tients with normal preoperative vision were in the first-op-
eration group, while all patients in the reoperation group
had some sort of visual defect. Children (3/9, 33%) had
more anterior chiasmal compression, while adults (30/48,
63%) had more midposterior chiasmal compression. An-
terior chiasmal compression was significantly more fre-
quent among reoperations (9/22, 41%), while most patients
undergoing primary endonasal surgery (21/35, 60%) had
midposterior chiasmal compression (p = 0.01).

Hypothyroidism was the most common endocrinopa-
thy, followed by hypocortisolemia. Because patients with
panhypopituitarism had hypofunction of all hormones,
hypothyroidism was present in a total of 35 patients (26
with hypothyroidism + 9 with panhypopituitarism), and
hypocortisolemia in a total of 24 patients (15 with hyper-
cortisolemia + 9 with panhypopituitarism). DI was present
in 15 patients. Overall, preexisting endocrinopathy was
more common in reoperations than in first-time opera-
tions. Anterior pituitary hypofunction was noted more fre-
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TABLE 1. Visual and endocrine defects
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Age Group Endonasal Surgery
Children  Adults Primary ~ Secondary
Categories Total  (n=9) (n=48) pValue (n=35) (n=22) p Value
Visual field 01 0.01
Normal 8 2 6 8 0
Anterior chiasmal compression 2 2
Unilateral defects 4 2 2 1 7
Bitemporal & unilateral central defects 8 7
Midposterior chiasmal compression
Bitemporal defects 31 2 29 20 1
Homonymous defect 1 0 1 1 0
Nonspecific 5 2 3 3 2
Endocrine
Stalk effect 0.67 0.02
Normal PRL 45 8 37 24 21
High PRL 12 1 " 1 1
Posterior pituitary 0.69 <0.001
No DI 42 6 36 32 10
Prior DI 15 3 12 3 12
Anterior pituitary 0.24 <0.001
No hypofunction 18 3 15 14 4
Hypothyroid 10 1 9 10 0
Hypothyroid, hypocortisol 15 2 13 6 9
Hypothyroid, growth hormone deficiency 1 1 0 1 0
Hypogonad 4 0 4 4 0
Panhypopituitarism 9 2 7 0 9

quently in patients with residual/recurrent tumors (18/22,
82%), compared with those without prior surgery (21/35,
60%), and DI was significantly more common in residual/
recurrent cases (12/22, 55%) than in primary cases (3/35,
9%; p < 0.001). Prior panhypopituitarism was noted only
among residual/recurrent cases (9/22, 41%; p < 0.001).
Twelve patients had preoperative hyperprolactinemia in-
dicating the stalk effect, which was more common in first
operations (11/35, 31%) compared with reoperations (1/22,
5%; p = 0.02) likely because of superimposed anterior pi-
tuitary hypofunction among the reoperations (Table 1).

Extent of Resection

Of the 57 procedures, GTR was planned in 46 cases
(Table 2). STR was intended in 5 children with extensive
hypothalamic involvement and 4 elderly patients with
multiple comorbidities. A cystic tumor arising from the
infundibulum with intact pituitary function in 1 adult and
a cystic recurrence following radiation in 1 elderly patient
were intended for biopsy and fenestration. Among the 46
patients intended for GTR, it was achieved in 40 (87%)
patients, while 5 (11%) had NTR, and in 1 (2%) patient
with intact pituitary function an on-table decision was
made to restrict treatment to STR. Among the 46 intended
for GTR, there was no difference in GTR rates for first
operations (28/31, 90%), compared with reoperations

(12/15, 80%). First operations and reoperations resulted
in NTR in 2/31 (7%) and 3/15 (20%), respectively. There
was only 1 STR in a first-time operation. Hence, the rate
of GTR+NTR was 97% for first operations and 100% for
reoperations, whenever intended.

Prior radiation, on the other hand, appeared to have a
more significant impact on the overall EOR. For the whole
cohort, not just those undergoing GTR, patients with pri-
or radiation had a significantly lower rate of GTR+NTR
(5/10, 50%) compared with those without prior radiation
(40/47, 85%; p = 0.03). For the 22 patients undergoing re-
operation, GTR+NTR was achieved in only 5/10 (50%)
patients who underwent radiation compared with 10/12
(83%) patients who did not undergo radiation (p = 0.17).

Tumor volume also predicted EOR. The maximum di-
ameter and volume of tumors were significantly lower (me-
dian 23 mm [IQR 16-28 mm] and 3.5 ml [IQR 1.5-7.7 ml],
respectively) among those with GTR, compared with those
with NTR or STR (median 29 mm [IQR 20-32 mm] and
4.9 ml [IQR 2.7-13.5 ml], respectively; p = 0.04; Fig. 1).

Outcome
Visual and Endocrine Outcome

The median follow-up duration was 46 months (IQR
23-89 months). Visual outcomes were similar in first op-
erations and reoperations. Ten patients with first opera-
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TABLE 2. Extent of resection in relation to various factors*

NTR STR p
Variable Total GTR (%) (%) (%) Value
No. 46 40(87) 5(11) 1(2)
Age (yrs) 0.35
<18 4 41000 O 0
19-59 28 22(79) 5(18) 1(4)
=60 14 14 (100) 0 0
Sex 0.31
M 18 16(89) 1(6) 1(6)
F 28 24(86) 4(14) O
Reop 0.31
No 31 28(90) 2(7) 1(3)
Yes 15 12(80) 3(20) O
Previous transsphenoidal op 0.62
No 42 37(88) 4(10) 1(2)
Yes 4 3(75 125 O
Previous radiation 0.66
No 41 35(85) 5(12) 1(2)
Yes 5 5(100) 0 0
Obesity 045
No 28 25(89) 3(11) O
Yes 18 15(53) 2(11) 1(6)
Field defects 0.54
No 7 7(100) 0 0
Yes 39 33(85) 5(13) 1(3)
Prior anterior pituitary hypo- 0.74
function
No 15 13(87) 2(13) O
Yes 31 27(87) 3(10) 1(3)
Prior DI 0.78
No 34 29(85) 4(12) 1(3)
Yes 12 11092 118 0
Serum PRL 0.86
Normal 36 31(86) 4(11) 1(3)
High 10  9(90) 1(10) O
Hydrocephalus 0.74
No 41 36(88) 4(10) 1(2
Yes 5 4(80) 1(20) 0
Third ventricle involvement 0.74
No 17 15(88) 2(12) O
Yes 29 25(86) 3(10) 1(3)
Retroinfundibular extension 043
No 9 7(78) 2(22) 0
Yes 37 33(89) 3(8 1(3)

* Of 46 cases intended for GTR.

tions had normal vision preoperatively, and none of these
deteriorated. For the remainder, with preoperative visual
deficits of some type, vision improved in 20/25 (80%) of
first operations and 16/22 (73%) of reoperations. The re-
mainder of the patients had unchanged vision (including
those with normal preoperative vision) except for 1 patient
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who had transient deterioration after a first operation (Ta-
ble 3). Radiation also did not significantly impact visual
outcome. Among those with visual deficits, 13/19 (68%) of
patients who underwent radiation, compared with 23/28
(82%) patients who did not, experienced visual improve-
ment (p = 0.31). Among those with some anterior pituitary
function, additional hypofunction occurred in 18/35 (51%)
first operations compared with 3/13 (23%) reoperations (p
= 0.08). However, as already stated, more of the reopera-
tions already had anterior pituitary hypofunction than the
first-time operations. Among patients without prior DI,
new DI occurred in 15/32 (47%) first operations compared
with 8/10 (80%) reoperations (p = 0.08).

Complications

The complication rate was 3.6% in first operations and
0% in reoperations. There was 1 CSF leak that required
repair (1.8%) and 1 intracranial infection (1.8%); both of
these occurred in first-time operations. There was no peri-
operative mortality. One patient had immediate subjective
visual worsening, and underwent revision of gasket seal
closure, on the suspicion of compression of the optic path-
way. The patient’s vision improved with an elevation in
blood pressure.

Further Management and Tumor Regrowth

Of the 40 patients in whom GTR was achieved, tumor
regrowth occurred in only 1 (3%), or 4% of 28 first GTR
operations and 0% of reoperations. Of the 5 patients who
did not have GTR or elective radiation, tumor regrowth
occurred in 3 (60%), or 50% of the first operations and
100% of the reoperations. Of the 12 patients who did not
have GTR but had elective radiation, tumor regrowth oc-
curred in 2 (17%), or 0% of the first operations and 22% of
the reoperations.

For all patients, tumor regrowth occurred in 14% (3/22)
following reoperations, and 9% (3/35) following first oper-
ations (p = 0.67). Following reoperations, tumor regrowth
was noted in 14% (1/7) who did not receive radiation and
13% (2/15) who received radiation (p = 1.0). However, for
reoperations, 1 (7%) of 15 with GTR+NTR had tumor re-
growth, in contrast to 2 (29%) of 7 with STR or less. In the
overall cohort, there was a significantly higher tumor re-
growth following STR, biopsy, or fenestration (33%) than
GTRANTR (4%; p = 0.02). This impact of EOR on tumor
regrowth was also uniform across other subgroups of age
and radiation (Table 4). Patients with tumor regrowth had
significantly higher baseline BMI (median 34 vs 28 kg/m?,
p = 0.04) than those with no regrowth had (Fig. 2).

Body Mass Index

The overall trend in BMI is depicted in Fig. 3. There
was a significant increase in median BMI from 28.7 kg/m?
(IQR 24.6-33.7 kg/m?) at surgery to 34 kg/m? (IQR 29.4—
39.2 kg/m?) at 2-5 years (p = 0.01), which remained stable
over 10 years (median 34.8 kg/m?). Following first-time
operations, median BMI increased from 27.9 kg/m? (IQR
24.8-31.6 kg/m?) to 32.5 kg/m? (IQR 28.6-36.3 kg/m?) for
5 years, and then stabilized to 30.3 kg/m? (IQR 29.9-31.0
kg/m?) at 10 years. Following reoperation, median BMI
increased from 30.6 kg/m? (IQR 24.6-34.8 kg/m?) to 35.0
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FIG. 1. GTR in relation to (A) tumor volume (ml) and (B) maximum diameter (mm). Figure is available in color online only.

kg/m? (IQR 30.7-39.2 kg/m?) over 5 years and then further compared with reoperation (p = 0.69). An increase in BMI
increased to 43.3 kg/m? (IQR 39.1-47.4 kg/m?) at 10 years was not significantly different following STR compared
(Fig. 3). There was no statistically significant difference in with GTR+NTR or following radiation compared with no
the overall increase in BMI following first-time surgery radiation.

TABLE 3. Impact of various factors on vision and pituitary function

Visual Outcome in Those w/ Deficits (%) Endocrine Outcome in Those w/ Some Pituitary Function (%)
Category Improved  Unchanged pValue  Additional Anterior Pituitary Hypofunction* p Value New DIt p Value
Total 36/47 1/47 21/48 23/42
Age 0.66 0.68 0.67
Child 5(7) 2(29) 417 (57) 4/6 (67)
Adult 31(78) 9(22) 17141 (42) 19/36 (53)
Surgery 0.56 0.08 0.08
Primary 20 (80) 5(20) 18/35 (51) 15/32 (47)
Reop 16 (73) 6 (27) 3/13 (23) 8/10 (80)
EOR 1.00 0.73 0.71
NTR/total 27 (75) 9 (25) 16/38 (42) 19/33 (58)
STR/ biopsy/fenestrations 9(82) 2(18) 5/10 (50) 4/9 (44)
Radiation 0.31 0.47 0.73
No 23(82) 5(18) 16/34 (47) 16/31 (52)
Yes 13 (68) 6 (32) 5/14 (36) 7111 (64)
Serum PRL 0.66 017 0.29
Normal 28 (74) 10 (26) 14/37 (38) 15/31 (48)
High 8(89) 1 (M) 7/11 (64) 8/11 (73)
Hydrocephalus 0.66 0.06 0.68
No 29 (74) 10 (26) 20/40 (50) 20/35 (57)
Yes 7(88) 1(12) 1/8 (13) 3/7 (43)
Third ventricle involvment 0.46 0.27 0.08
No 12 (86) 2 (14) 4/13 (31) 4/12 (33)
Yes 24 (73) 9 (27) 17/35 (49) 19/30 (63)
Retroinfundibular extension 0.66 0.44 0.68
No 8 (89) 1(1) 2/8 (25) 3/7 (43)
Yes 28 (74) 10 (26) 19/40 (48) 20/35 (57)

* Prior panhypopituitarism excluded.
1 Prior DI excluded.
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TABLE 4. Impact of various factors on tumor regrowth

Subgroups EOR
STR/Biopsy/
Overall Tumor  p GTR/  Fenestration p
Subgroups Regrowth (%) Value* NTR (%) Value
Total 6/57 (11) 2/45(4)  4/12(33) 0.02*
Age 1.00 0.77t
Children 119 (11) 0/4 (0) 1/5 (20)
Adults 5/48 (10) 2/41 (5) 3/7 (43)
Surgery 0.67 0.51t
Primary 3/35(9) 1130 (3)  2/5 (40)
Reop 3/22 (14) M5(7)  2/7(29)
Radiation 0.39 0.08t
No 3/38 (8) 1135(3)  2/3(67)
Yes 3/19 (16) 1710 (10)  2/9(22)

* QOverall p value.
T Breslow-Day p value indicating homogeneity.

Quality of Life

QOL could be assessed for 38 patients at different time
intervals. Preoperative QOL was slightly lower for reop-
erations (ASBS-Q = 105) compared with first operations
(ASBS-Q = 112.5), but this was not significant (p = 0.52).
There was an overall improvement in median ASBS-Q
scores between pre- and postoperative measurements for
both first-time and reoperations. There was an initial de-
crease following surgery, which improved gradually and
crossed the baseline level between 3 and 6 months, reach-
ing significance between 6 and 12 months (p = 0.03; Fig.
4). There was no significant difference in the improvement
in QOL at 6—12 months between first and reoperative en-
donasal surgery (p = 0.15; Fig. 5). EOR had a nonsignifi-
cant impact on change in QOL. Although GTR or NTR
resulted in QOL improvement, there was worsening in
median ASBS-Q QOL following STR (p = 0.8; Fig. 5).
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FIG. 2. Baseline BMI (kg/m?) versus tumor regrowth. The open circle
represents mild outliers and the star represents extreme outliers. Figure
is available in color online only.
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Among the 6 different domains of ASBS-Q QOL, there
was significant improvement in performance (p = 0.03)
and vitality (p = 0.01) at 612 months following surgery
(Fig. 6). While improvement following primary surgery
was noted in all domains except specific symptoms, reop-
eration resulted in improvement in only 2 of the 6 domains
(performance and vitality).

Multivariate Analyses

Multivariate analysis was performed using binary
logistic regression and a general linear model on vari-
ous outcome parameters after adjusting for age, type of
surgery, prior radiation, baseline BMI, prior DI, elevated
PRL, tumor volume, and EOR, as per the univariate analy-
sis (Table 5). Prior radiation (p = 0.02) and high tumor
volume (p = 0.02) had a significant independent associa-
tion with lower EOR, while lower EOR (p = 0.04) had a
significant independent association with tumor regrowth.
Reoperation had a nonsignificant independent association
with endocrine worsening and increase in BMI (p = 0.07).
The improvement in QOL following surgery was overall
homogeneous with no significant independent factor.

Discussion

The major finding of this report is that reoperation us-
ing the endonasal endoscopic approach at an experienced
center results in similar EOR with no increase in rate of
complications other than DI. In general, patients with STR
following their initial surgery are offered radiation thera-
py. and radiation has been shown to decrease recurrence
rates. However, radiation is not uniformly effective, and
patients who have undergone radiation treatment after
prior STR have lower rates of resection on reoperation.
This finding implies a possible change in the algorithm for
managing craniopharyngiomas. Namely, when the goal of
surgery is GTR but GTR is not achieved during the first
operation, the patient should be offered a reoperative at-
tempt at GTR using the endonasal endoscopic approach
at an experienced center. Radiation should be used only if
this second attempt at GTR is unsuccessful.

Regardless of whether it is a first operation or a reop-
eration, the risks associated with craniopharyngioma sur-
gery, based on craniopharyngiomas’ consistency and lo-
cation adjacent to critical neurovascular structures, have
made them highly challenging tumors for neurosurgical
removal.>?33¢ Rates of GTR with a craniotomy range from
18% to 84% in different series,> with a combined rate of
48%.3" Experience of the surgeon has also been noted to
impact outcome.* Recurrences occur anywhere from 0%
to 62% at 10 years, even after apparent GTR.*#* Alterna-
tive treatment strategies have been suggested such as cyst
fenestration and radiation,® as well as administration of
intracystic chemotherapy?® or liquid radiation therapy.?28
However, progression-free survival with such a strategy is
only 46%.%° Management of residual/recurrent tumors is
even more challenging, and reported rates of GTR with a
craniotomy are often less than 25% with further increased
perioperative mortality ranging from 11% to 24%, due to
the scarring in the operative area.!>24235! As an alternative
to reoperation, radiation therapy has been suggested for
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FIG. 3. Graphs showing changes in BMI following endonasal surgery overall (A), and in relation to reoperation (B), EOR (C), radia-
tion (D), and age (E). The open circles represent mild outliers and the star represents extreme outliers. Figure is available in color

online only.

recurrent tumors.'>>» However, control rates for radiation
therapy for recurrent tumors can be low and may require
multiple treatments with significant morbidity, particularly
in children.?s3° Re-recurrence rates of tumors after radio-
surgery are as high as 45% at 4 years.®

The extended endonasal endoscopic transsphenoidal
approach has been increasingly used to manage cranio-
pharyngiomas based on the improved view of the pituitary
gland, stalk, undersurface of the chiasm, and hypothala-
mus.>7?"31-33 Several reports have shown comparable or
improved EOR for first operations with comparable or

fewer complications compared with a craniotomy.!”2!-3144
However, there are few reports on endonasal surgery for
recurrent craniopharyngiomas (Table 6). In this paper, we
show that surgical results for reoperative endonasal sur-
gery for recurrent tumors is comparable to the first opera-
tion, regardless of whether the prior surgery was complet-
ed using a craniotomy, transsphenoidal approach, or cyst
fenestration. Prior radiation therapy, however, appeared to
decrease the extent of resection. The basis for our success
with reoperation is founded on a few surgical principles.
First, the endonasal approach was often a new route and so
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FIG. 4. Overall trend in ASBS-Q QOL following endonasal surgery. Fig-
ure is available in color online only.

the scarring encountered was minimal as compared with a
reoperative craniotomy after prior craniotomy. Moreover,
the visualization of the undersurface of the chiasm and
third ventricle are superior using the endonasal endoscop-
ic approach compared with the transcranial approach, and
the field of view of the endoscope is wider than that of the
microscope. These areas are the most difficult to remove
surgically and the endonasal approach offers an advantage
for seeing and precisely manipulating this area. Clearly,
patients chosen for endonasal surgery do not have signifi-
cant lateral extent into the middle or posterior fossa, areas
that are not well visualized by the endonasal approach.
Our results are slightly better than reports in the few
prior papers on endonasal reoperation for recurrent cra-
niopharyngiomas (Table 6). Previously published GTR
rates ranged from 29% to 83% with an average endonasal

endoscopic GTR rate of 57%.32°32 Overall, the GTR rates
for endonasal endoscopic reoperations are much better
than transcranial microscopic (0%—56%)*132429315457 or
transsphenoidal microscopic (6%—53%)'>2°34 reoperations.
Hence, the prior published data support our contention
that extended endonasal endoscopic reoperations result in
higher rates of GTR compared with other operative cor-
ridors or techniques. This is true for prior transsphenoidal
surgery as well as prior craniotomy and so is not merely
a result of a new unscarred approach corridor but more
likely from the improved view of areas of likely scarring
and recurrence such as the undersurface of the chiasm
and hypothalamus. Moreover, no CSF leaks occurred in
our study, compared with 12%—-14% reported in the lit-
erature.®*> We attribute this low leak rate to our use of the
“gasket seal” combined with a nasoseptal flap and lumbar
drainage.2,16,37,4l,45

Radiation is often used in subtotally resected tumors
to control regrowth. For this reason, it is difficult to dif-
ferentiate the impact of radiation on reoperation, because
the majority of patients who require reoperation have al-
ready undergone radiation. Nevertheless, our finding of
decreased EOR following radiation is also borne out in
other publications. Transcranial reoperations following
radiation reported GTR rates of just 19%-25%.1%* El-
liott et al."* noted that prior radiation lowered the extent
of resection in transcranial reoperations. Cavallo et al. re-
ported that GTR decreased from 50% to 25% after prior
radiation. This raises the intriguing possibility that an en-
donasal reoperation for recurrent or residual tumor may
actually be preferable to radiation therapy in controlling
disease if this approach has not already been performed in
experienced hands, assuming the surgeon determines that
a GTR or NTR can be achieved. Although rates of endo-
crinopathy clearly increase after radiation therapy, radia-
tion therapy may also negatively impact pituitary function,
although not as acutely as surgery (Table 6). New DI fol-
lowing reoperation for craniopharyngiomas has been re-
ported, ranging from 14% to 100% in various series,>!420-32
in comparison with 31% following radiation.*® New ante-
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FIG. 5. Change in ASBS-Q QOL in relation to reoperation (A) and EOR (B). Figure is available in color online only.
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rior pituitary hypofunction, however, appears to be similar
following reoperation or radiation.3-20-22:323!

also demonstrated in other studies.?>?3% Once again,
this finding implies that patients with a recurrent cranio-

In spite of the presumed scar between the tumor and the
optic chiasm and nerves, visual improvement after reop-
eration was quite high, as has also been reported in other
endonasal endoscopic studies (Table 6).>* The visual im-
provement in these endonasal reoperation series appears
to be better than transcranial reoperations (33%—64%)'*'>
or salvage radiation (11%-36%).>#% Radiation, however,
tended to decrease the rate of visual improvement, as is

pharyngioma and salvageable but waning vision might
be better served with an extended endonasal endoscopic
reoperation compared with radiation therapy to maxi-
mize visual improvement. Improved visual outcome after
endonasal surgery compared with other approaches also
mirrors findings in first-time operations, where visual im-
provement is highest following endonasal surgery.*!

Our tumor re-recurrence rate of 14% at a median fol-

TABLE 5. Multivariate analysis*

EOR Tumor Regrowth Endocrine Outcome BMI Increase QOL Increase
Variable p Value Adj OR p Value Adj OR p Value AdjOR p Value F Value p Value F Value

Age 0.22 1.03 0.68 1.02 0.64 1.02 0.73 7.87 0.32 3.34
Reop 0.94 11 0.22 15.42 0.07 83.33 0.07 3.73 0.32 3.38
Radiation 0.02 71.43 0.57 4.08 0.68 428 0.78 12.2 0.57 1.58
BMI 0.69 1.03 0.28 112 0.11 1.32 0.12 2.76 0.52 111
Prior DI 0.08 16.24 0.63 2.86 1.0 NA 0.58 3.1 0.32 343
High PRL 0.83 1.29 1.0 NA 0.51 3.36 0.08 3.57 0.25 5.93
Tumor volume 0.02 11 0.38 111 0.60 113 0.19 1.88 0.33 3.16
EOR 0.04 55.56 0.75 125 0.87 35.7 0.62 21

Adj = adjusted; NA = not applicable.
* Boldface type indicates statistical significance.
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TABLE 6. Comparison of our series with literature*

30-Day CSF _ Visual Outcome  New Anterior Pituitary New Regrowth Rate
Re-Intervention GTR  Mortality Leak Improved Worse Hypofunction DI 4-5Yrs

Radiation

Lee etal., 2014 1 24 45

Rajan et al., 1993 36 33 K

Jose et al., 1992 78

Klimo et al., 2015 19
Transcranial microscopic

Karavitaki et al., 2005 0 24

Barua et al., 2003 "

Fahlbusch et al., 1999 21 " 64 19

Van Effenterre & Boch, 2002 25

Stero et al., 2014 50 17

Yasargil et al., 1990 56

Elliott et al., 2010 33 24 89 18

Duff et al., 2000 23
Transsphenoidal microscopic

Laws, 1994 6 33

Jane et al,, 2010 36 60 10 100 100 27

Fahlbusch et al., 1999 53 55 0
Endonasal endoscopic

Cavallo et al., 2014 62 73 5

Koutourousiou et al., 2013 29 0 12 60 50 35

Cavallo et al., 2009 0 14 40 14 18

Kim et al., 2014 83
Current series 80/55t 0 0 73 0 23 80 14

* All data given as percentages.
t Intended/overall.

low-up of 4 years following endonasal reoperations is
comparable to, albeit a bit lower than, that in other surgi-
cal series (18%—35%)>'+203234 and after salvage radiation
(19%—45%).3%* 1n fact, there was no significant difference
in recurrence rate between first-time surgeries and reoper-
ations, which again emphasizes the utility of reoperations
for this disease. The critical factor impacting recurrence
was EOR. The impact of EOR on recurrence was signifi-
cant in univariate analysis as well as in multivariate analy-
sis, demonstrating the independent effect of the extent of
resection on tumor recurrence, irrespective of whether the
resection was a first-time surgery or reoperation. Radia-
tion decreased the rate of recurrence only in tumors that
had undergone STR or less in our study, similar to other
series.'*? Hence, we recommend reserving radiation only
for patients who clearly have residual tumor after surgery
as an effective means to reduce the risk of recurrence
when surgical options have failed, including endonasal re-
operation.

The increase in BMI following surgery for craniopha-
ryngiomas has been reported previously, regardless of the
surgical approach.®?355 We noted the increase in BMI to
have a nonsignificant association with reoperation. Gautier
et al. and Elliott et al. had noted a similar higher trend in
BMI following transcranial reoperation for recurrent tu-
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mors.*1” Reoperations may put the hypothalamus at more
risk, because these tumors clearly had residual tissue after
the first operation, and the hypothalamus is a common site
of residual tumor, near the ventromedial hypothalamic nu-
clei that contain the “satiety center.”$!1:23255 Higher base-
line BMI among those with tumor regrowth may be due
to prior hypothalamic infiltration with increased residual
cell rests giving rise to tumor regrowth or other adipokine-
induced mechanisms.10:11:55

Quality of life generally deteriorates after craniotomy
for craniopharyngiomas. Three studies in adults and 1 in
children have all shown deterioration in QOL either with, or
even without, treatment.”?6445% Endonasal endoscopic pri-
mary surgery for craniopharyngiomas, on the other hand,
has been shown to lead to maintenance of QOL for more
than 9 months after surgery.*® This current study demon-
strates an improvement in QOL after endonasal endoscop-
ic reoperation for craniopharyngioma following a transient
decline. The transient decline has also been demonstrated
following endonasal endoscopic resection of pituitary ad-
enomas and other skull base tumors as a result of transient
sinonasal complaints that improve after 6 weeks.*>* The
impact of reoperation on QOL has not been well studied.
A possible explanation for such improvements is the fact
that patients with recurrent radiated tumors may be quite
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discouraged prior to surgery and express significant im-
provements in emotional well-being after the tumor is
completely removed. The fact that preoperative QOL was
lower in patients undergoing reoperations compared with
first operations supports this explanation.

In our multivariate analysis, reoperation did not impact
EOR or recurrence. Rather, tumor volume and prior ra-
diation impacted the EOR, and EOR impacted tumor re-
growth. Together, these data point to an algorithm that fa-
vors reoperation over radiation if there is tumor recurrence
after a first operation that, in the surgeon’s estimation, can
be completely resected with an endonasal endoscopic ap-
proach. Radiation is clearly helpful at preventing regrowth
and in our opinion should be reserved for subtotally re-
sected tumors.

Conclusions

Endonasal endoscopic transsphenoidal reoperation re-
sults in similar EOR, visual outcome, and improvement in
QOL as that of first-time operations. Although the rate of
DI and increase in BMI are higher for reoperations, there
is no increase in other complications. EOR is more im-
pacted by tumor volume and prior radiation. Reoperations
should be offered to patients with recurrent craniopharyn-
giomas and may be preferable to radiation in patients in
whom GTR or NTR can be achieved.
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