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Abstract
Purpose  The aim of this study was to evaluate the treatment outcomes of neuroendoscopic cyst partial resection (ECPR) 
combined with stereotactic radiotherapy (SRT) for cystic craniopharyngiomas.
Methods  In this retrospective study, 22 craniopharyngioma patients undergoing ECPR combined with SRT were included. 
This combination therapy was indicated for suprasellar cystic craniopharyngiomas in patients whose pituitary function was 
preserved but would be difficult to preserve in direct surgery. The outcomes of combination therapy, including tumor control 
and postoperative visual and pituitary functions, were investigated.
Results  ECPR was safely performed, and cyst shrinkage was accomplished in all cases. After ECPR, visual function improved 
in 12 of 13 patients (92%) with visual field disturbance and did not deteriorate in any patients. Pituitary function was pre-
served in 14 patients (64%) and deteriorated in eight patients (36%) after ECPR. As a complication of ECPR, meningitis 
occurred because of a wound infection in one patient. In 18 of 22 patients (82%), the tumor was controlled without further 
treatment 19 – 87 months (median, 33 months) after SRT. Hypopituitarism was an adverse event after SRT in two of the 
18 patients who achieved tumor control. Four patients (18%) had enlarged cysts after SRT. Postoperative pituitary function 
was significantly more likely to deteriorate in cases of extensive detachment from the ventricular wall, and retreatment was 
significantly more common in cases with hypothalamic extension.
Conclusion  Although limited to some cases, ECPR combined with SRT is a less invasive and useful therapeutic option for 
suprasellar cystic craniopharyngiomas. However, its long-term prognosis requires further evaluation.
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Introduction

The first choice of treatment for craniopharyngioma is 
radical resection. In the past, craniotomy was the pre-
dominant surgical approach utilized to treat craniophar-
yngiomas, but a worldwide shift toward an extended trans-
sphenoidal approach is in progress. It has been reported 
that extended transsphenoidal surgery improves the rate of 
tumor removal and reduces the complication rate because 
it does not require brain traction to remove the tumor and 
allows direct observation of the tumor below the optic 
nerve [6, 34, 42].

However, when a craniopharyngioma is completely 
removed, it is often difficult to preserve the pituitary stalk, 
and even if it is anatomically preserved, its function is 
often impaired [9, 42]. We previously reported that the 
pituitary stalk was preserved in only 30.8% of patients 
after radical resection by extended transsphenoidal surgery 
for suprasellar craniopharyngiomas, and pituitary func-
tion was preserved in only approximately half of these 
patients [39, 40]. Hypopituitarism and diabetes insipidus 
were found to be related to high mortality in craniophar-
yngioma patients by a nationwide population-based study 
in Sweden [26]. Moreover, in cases of craniopharyngioma 
with hypothalamic involvement, total tumor removal poses 
the risk of not only hypopituitarism but also hypothalamic 
injury. Hypothalamic injury causes hormonal disorder, 
memory disturbance, hypothalamic obesity, daytime sleep-
iness, behavioral change, and imbalances in the regulation 
of thirst, body temperature, heart rate, and blood pres-
sure. These factors are related to morbidity and impair-
ment of quality of life. Therefore, “hypothalamus-sparing 
surgery”, including pituitary function, has been recom-
mended in craniopharyngioma patients with hypothalamic 
involvement on MRI [6, 7, 20, 31]. In addition, extended 
transsphenoidal surgery carries a high risk of spinal fluid 
leakage and is particularly invasive in the elderly [10, 13, 
38].

Although craniopharyngiomas are known to have a 
high recurrence rate following partial resection, a high 
rate of small tumor control by stereotactic radiotherapy 
(SRT) has been reported [5, 41, 43]. For this reason, it has 
recently been proposed that craniopharyngiomas involving 
the hypothalamus should be controlled by a combination 
treatment of partial surgical resection and SRT to avoid 
hypothalamic injury and dysfunction [31, 33].

Neuroendoscopic surgery for cystic craniopharyngioma 
was reported by Hellwig et al. in 1995, and there have 
been several reports since then. Although this method 
is less invasive than extended transsphenoidal surgery, 
there have been only a few reports on long-term outcomes 
in large numbers of patients treated with this method in 

combination with radiotherapy [2, 4, 8, 14, 19, 21–24, 29, 
30, 36, 37]. Although neuroendoscopic cyst partial resec-
tion (ECPR) is indicated only for suprasellar cystic crani-
opharyngiomas, it can be an alternative treatment option 
if tumor control can be achieved with a combination of 
ECPR and SRT.

In the present study, we reviewed a series of suprasellar 
cystic craniopharyngioma patients who underwent ECPR 
and postoperative SRT.

Patients and methods

Study design and patients

Patients with cystic craniopharyngioma who underwent 
ECPR followed by SRT between 2007 and 2019 were 
included in this study. Patients who underwent ECPR but did 
not subsequently undergo radiotherapy were excluded. How-
ever, in patients whose craniopharyngioma recurred after 
undergoing ECPR alone and who underwent a second ECPR 
procedure followed by SRT, the second ECPR procedure 
was evaluated. SRT was performed using the CyberKnife 
system (Accuray, Sunnyvale, CA, USA) after ECPR. MRI 
follow-up was performed every 6 months after SRT and 
every year after one year post-SRT if there was no tumor 
regrowth. Finally, patients treated with ECPR and postop-
erative SRT were examined for changes in visual function 
after surgery, changes in pituitary function and long-term 
tumor control after SRT. Additionally, factors associated 
with postoperative hypopituitarism and retreatment were 
investigated (Fig. 1).

Indications for combined ECPR and SRT

The indications for ECPR were determined comprehensively 
based on the following conditions: 1) visual impairment 
or obstructive hydrocephalus due to craniopharyngioma, 
or progression of craniopharyngioma; 2) tumors mainly 
composed of a cystic component close to the third ventri-
cle and accessible by the neuroendoscopic transventricular 
approach; 3) completely or partially preserved preoperative 
pituitary function, anticipated difficulty in preserving the 
pituitary stalk intraoperatively in direct surgery, especially 
in cases of retroinfundibular or transinfundibular crani-
opharyngioma [16], and 4) for elderly patients who prefer to 
avoid invasive extended transsphenoidal surgery. Therefore, 
ECPR was initially indicated for elderly patients who prefer 
to avoid relatively invasive extended transsphenoidal sur-
gery, especially those with normal pituitary function. Sub-
sequently, since we had become accustomed to using ECPR 
for craniopharyngiomas, we began to adapt it for younger 
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patients whose pituitary function was maintained or elderly 
patients whose pituitary gland function was impaired. How-
ever, we generally performed extended transsphenoidal 

surgery, especially in young people with partially impaired 
pituitary function, because the procedure is more radical 
[40]. As discussed below, since SRT was not performed 

270 surgical cases of craniopharyngioma

Transsphenoidal surgery
n = 235

ECPR
n = 34

ECPR alone
n = 5

Regrowth (+)
n = 5

Transsphenoidal surgery
n = 2

Second ECPR + SRT
n = 2

SRT
n = 1

ECPR + SRT
n = 19

Regrowth (-)
n = 18 (82%)

Regrowth (+)
n = 4 (18%)

Transsphenoidal surgery
n = 3

SRT
n = 1

Fig. 1   Flowchart illustrating the outcomes of craniopharyngioma 
patients treated with a combination of neuroendoscopy and stereotac-
tic radiotherapy. ECPR: neuroendoscopic cyst partial resection. SRT: 
stereotactic radiotherapy. A total of 22 patients with craniopharyn-

gioma who underwent SRT after ECPR were evaluated. In these 22 
patients, SRT was performed after the second ECPR in two patients 
and after regrowth in one patient. The bold-outlined section in the fig-
ure represents the 22 cases included in the analysis
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at the beginning of ECPR for craniopharyngiomas and the 
tumors often recurred, SRT was employed in combination 
(Fig. 2).

Surgical techniques for ECPR

The surgery was performed using a flexible fiberscope (Neu-
4L; Machida Endoscope Co., Ltd., Tokyo, Japan) and vide-
oscope (VEF type V; Olympus, Tokyo, Japan). The neu-
roendoscope was introduced into the anterior horn of the 
lateral ventricle through a unilateral precoronal burr hole. 
In cases of third ventricular extension, the cystic wall could 
be seen through the foramen of Monro, so it was perforated 
with forceps or an ME2 monopolar cutting tool (Codman 
& Shurtleff, Raynham, Massachusetts, USA). In cases of 
hypothalamic extension, the third ventricular wall bulged 
due to compression by the cyst, so the cyst was perforated 
with forceps through the thinning lateral wall of the third 
ventricle. The inside of the cyst was irrigated with artificial 
spinal fluid (ARTCEREB Irrigation and Perfusion Solution 
for Cerebrospinal Surgery; Otsuka Pharmaceutical Factory, 
Inc., Tokushima, Japan) to drain the cyst contents. The area 
that adhered to the wall of the third ventricle was dissected 
with forceps to the extent possible. Because simple perfora-
tion alone could lead to re-occlusion of the fistula, the cyst 
wall was partially resected to the extent possible in the free 
area. If the base of the third ventricle or the cyst wall was 
thin, contralateral cyst wall fenestration was performed to 
allow communication between the cyst and the subarachnoid 

space. In cases of hypothalamic extension, extensive cyst 
wall resection was not performed to avoid causing hypo-
thalamic injury (Figs. 3 and 4). In only two early cases, an 
Ommaya reservoir was placed for puncture aspiration at the 
time of tumor re-enlargement.

Statistical analysis

Continuous data are summarized as the mean ± standard 
deviation in the case of a normal distribution and as the 
range and median in the case of a nonnormal distribution, as 
determined using the Shapiro–Wilk test. With respect to the 
association of ECPR with postoperative hypopituitarism and 
retreatment because of tumor regrowth, we compared the 
following data: the maximum tumor diameter; calcification 
on CT; whether the tumor was monocystic or multicystic; 
solid component; whether the tumor extended into the third 
ventricle or into the hypothalamus; whether the patient had 
undergone previous treatment; whether the contralateral cyst 
wall fenestration was performed to allow communication 
between the cyst and subarachnoid space; whether exten-
sive cyst wall resection could be performed; and extensive 
cyst wall detachment from the wall of the third ventricle. 
To compare postoperative hypopituitarism, Student’s t test 
or Mann–Whitney's U test was used for continuous data, 
and Fisher's exact test was used for categorical data. For the 
retreatment comparison, after the maximum tumor size was 
divided into two groups (≥ 26 mm and < 26 mm) using a 
ROC analysis, each item was compared using the log-rank 
test in the period from SRT to retreatment. In addition, the 
risk ratio of hypopituitarism due to ECPR and the hazard 
ratio of retreatment after SRT were analyzed by logistic 
regression analysis and Cox regression analysis using the 
forward–backward stepwise method. SPSS ver. 21 was used 
for the statistical analysis.

Results

Patient selection

There were 34 cases of craniopharyngioma treated with 
ECPR at Toranomon Hospital. During the same period, 270 
were transsphenoidal surgeries performed for craniopharyn-
gioma (two of which were cases of regrowth after neuroen-
doscopy) [39, 40]; thus, ECPR accounted for approximately 
11.2% of all craniopharyngioma surgeries. Nine of the 34 
patients were excluded because they underwent ECPR with-
out SRT prior to extended transsphenoidal surgery due to 
obstructive hydrocephalus or the formation of large cysts. 
Six patients underwent ECPR only without postoperative 
SRT. One of the six patients did not complete the follow-up 
after undergoing ECPR because of a poor general condition; 

Fig. 2   Kaplan–Meier curve after neuroendoscopic cyst partial resec-
tion with or without stereotactic radiotherapy. ECPR: neuroendo-
scopic cyst partial resection. SRT: stereotactic radiotherapy. Crani-
opharyngiomas recurred in five patients who underwent ECPR alone 
without SRT
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therefore, this patient was excluded from the study. Five 
of the six patients were early cases of craniopharyngioma 
treated with ECPR. SRT was not performed at that time, and 

all patients experienced tumor recurrence. Consequently, 
SRT was incorporated into the treatment regimen, and five 
of these patients underwent re-treatment for tumor regrowth 

Fig. 3   Intraoperative findings of a case with third ventricular exten-
sion. A The cyst was observed through the foramen of Monro. B: The 
cyst wall was perforated with forceps. C The cyst shrank in the third 
ventricle after perforation. D The cyst wall was dissected from the 

lateral wall of the third ventricle. E The cyst wall was resected using 
forceps. F View after extensive cyst wall resection. The star indicates 
the third ventriculostomy, and the arrows indicate the mammillary 
bodies

Fig. 4   Intraoperative findings of 
a case with hypothalamic exten-
sion. A The star indicates the 
lateral wall of the third ventricle 
compressed by the cyst extend-
ing into the hypothalamus. The 
stars indicate the mammillary 
bodies. B The star indicates per-
foration of the cyst covered with 
the left lateral wall of the third 
ventricle. The stars indicate the 
mammillary bodies
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11 to 60 months after initial ECPR (Fig. 2). Two of five 
patients were excluded because they underwent extended 
transsphenoidal surgery after tumor regrowth. The other 
two of the five patients were included in this study because 
they underwent a second ECPR procedure and postoperative 
SRT. The remaining one of five patients was also included 
in this study because he underwent SRT due to slight tumor 
re-enlargement during the 46 months of follow-up after 
ECPR. Thus, since all five initial patients treated with ECPR 
alone had recurrence, SRT was added thereafter (Fig. 2). 
Finally, 22 patients who underwent SRT after regrowth were 
included in this study (Fig. 1).

Demographics

The patient characteristics before ECPR are summarized in 
Table 1. Among the 22 patients, there were 12 males and 10 
females, with an average age of 59.0 ± 13.7 years old (range: 
32 – 84 years old). One patient had previously undergone 

craniotomy at another hospital. One patient had previously 
undergone craniotomy and postoperative local irradiation 
at another hospital. Thirteen patients (59%) had visual field 
deficits; of them, one recurrent patient also had oculomotor 
deficits due to a previous craniotomy. Nine patients (41%) 
had memory disturbance due to hydrocephalus in eight cases 
and hypothalamic compression by the tumor in one case. 
Anterior pituitary function was normal in 14 patients (64%), 
seven patients (32%) had partial hypopituitarism, and one 
patient (4.5%) had panhypopituitarism. There were no cases 
of preoperative diabetes insipidus. The maximum tumor 
diameter was 19 – 56 mm (median, 30 mm). The pituitary 
stalk was the preinfundibular type in four patients (13%), 
the transinfundibular type in 13 patients (59%) and the ret-
roinfundibular type in five patients (23%) [16]. In four cases 
(18%), the tumor was polycystic; however, all cysts were 
accessible by neuroendoscopy. In six cases (27%), tumors 
had a solid component that was not more than 5% of the 
total tumor volume. In seventeen cases (77%), the tumor 
extended to the third ventricle. In five cases (23%), the tumor 
extended to the hypothalamus from the suprasellar region 
and compressed the third ventricle from the lateral side 
(Fig. 5). Seventeen patients (77%) showed calcification on 
head CT. Regarding the pathological subtype, 14 (64%) were 
adamantinomatous-type, and five (23%) were papillary-type. 
In three cases (14%), the pathological subtype could not be 
diagnosed because the specimen size was insufficient for 
the diagnosis.

Outcomes of ECPR

ECPR was safely performed, and cyst shrinkage was accom-
plished in all cases. Third ventriculostomy through the cyst 
wall or contralateral cyst wall fenestration was performed 
in 10 cases (45%). Extensive cyst wall detachment from 
the wall of the third ventricle was performed in six cases 
(27%). Extensive cyst wall resection was performed in 11 
cases (50%).

Thirteen of the 22 patients had visual dysfunction and 
nine did not. In 12 of 13 patients (92%) with visual field dis-
turbance, visual function improved immediately after ECPR; 
in the remaining case, which was a case of recurrence, the 
patient had previously undergone craniotomy at another hos-
pital, and the visual field disturbance had continued from the 
previous surgery. In this patient, the visual field deficit did 
not deteriorate after ECPR, and the newly arising oculomo-
tor disturbance improved after ECPR. There was no postop-
erative deterioration of visual function in the nine patients 
who did not have visual field disturbances before ECPR.

Overall, pituitary function was unchanged after ECPR in 
14 patients (64%) and deteriorated in eight patients (36%). 
Among the 14 patients with normal pituitary function before 
ECPR, pituitary function remained normal in 11 (79%) and 

Table 1   Characteristics of 22 patients who underwent ECP

Sex Male 12
Female 10

Age (years) 59.0 ± 13.7
Previous treatment  +  4

- 18
Visual disturbance  +  13

- 9
Anterior pituitary function Normal 14

Partial hypopituitarism 7
Panhypopituitarism 1

Diabetes insipidus  +  0
- 22

Memory disturbance  +  9
- 13

Obstructive hydrocephalus  +  8
- 14

Maximum tumor diameter 
(mm)

19–56 
(median: 
30 mm)

Multicystic  +  4
- 18

Solid component  +  6
- 16

Tumor extension Third ventricle 17
Hypothalamus 5

Calcification on CT  +  17
- 5

Pathological subtype Adamantinomatous 14
Papillary 5
Undetermined 3
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deteriorated to partial hypopituitarism in two (14%). One of 
the 14 patients (7%) developed panhypopituitarism and dia-
betes insipidus. Among seven patients with partial hypopi-
tuitarism before ECPR, pituitary function remained the same 
as preoperatively in four patients (57%), deteriorated to pan-
hypopituitarism in two patients (29%) and panhypopituita-
rism and diabetes insipidus in one patient (14%). One patient 
with panhypopituitarism before ECPR developed diabetes 
insipidus after ECPR. There was no significant relationship 
between preoperative hypopituitarism and deterioration of 
pituitary function after ECPR (P = 0.62) (Table 2).

Memory disturbance improved in all nine cases.
As a complication of ECPR, one patient developed men-

ingitis due to wound infection. Hypothalamic injury and 
postoperative chemical meningitis were not observed in any 
of the patients.

Outcomes of SRT

In this study, 18 of 22 patients (82%) achieved tumor con-
trol without further treatment 19 – 87 months (median, 
33 months) after SRT (Fig. 2, 6). SRT was performed 
between 0 – 46 months following ECPR, and all but one 
patients received SRT within 0 – 5 months. The prescribed 

marginal doses were 18 – 30 Gy (median, 28 Gy) in 3 – 10 
fractions (median, 7 fractions). Of the 18 patients whose 
tumor were controlled, two elderly patients died from other 
diseases at 19 and 28 months after SRT. As a result, The 
Ommaya reservoirs that were placed in two patients had 
never been used. Three patients experienced transient cyst 
enlargement on MRI at 5, 10, and 14 months after SRT, 
which later spontaneously shrank. Hypopituitarism was 
observed as an adverse event in two of 18 patients (11%) 
whose tumors were controlled.

Four of the 22 patients (18%) showed cyst enlargement 
that required additional treatment after SRT. One of these 
four patients had previously undergone craniotomy and 
radiotherapy at another hospital, as mentioned above; 
small cysts appeared at 33 and 50 months after SRT, so 
additional SRT was performed again to reduce the cysts. 
The remaining three patients underwent extended transs-
phenoidal surgery at nine, nine, and 14 months because the 
cyst continued to grow after SRT. The visual field defects 
that had once improved after ECPR deteriorated, and the 
visual field defects remained after the extended transsphe-
noidal surgery. In particular, the two patients who under-
went surgery at nine months showed cyst enlargement even 
in the two months between ECPR and SRT.

Fig. 5   Pre- and postoperative contrast T1-weighted images from a 
case with third ventricular extension and a case with hypothalamic 
extension. A – D: A case with third ventricular extension. A: Preop-
erative coronal section. B: Preoperative sagittal section. C: Postopera-
tive coronal section. D: Postoperative sagittal section. E – H: A case 
with hypothalamic extension. E: Preoperative coronal section. The 

third ventricle is compressed along with the right lateral wall by the 
cyst. F: Preoperative sagittal section. G: Postoperative coronal sec-
tion. The floor of the third ventricle is preserved. The arrow indicates 
the fenestration point. H: Postoperative sagittal section. The arrow 
indicates the fenestration point
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Factors associated with postoperative 
hypopituitarism and retreatment

We examined the association of postoperative deteriora-
tion of pituitary function and retreatment with the maxi-
mum tumor diameter, the presence of calcification on CT, 
mono- or multicystic, the presence of the solid component, 
third ventricular or hypothalamic tumor extension, previ-
ous treatment, extensive cyst wall resection during ECPR, 
communication with the subarachnoid space by contralat-
eral cyst wall fenestration, and extensive detachment from 
the ventricular wall. The results showed that postoperative 
pituitary function was significantly more likely to deterio-
rate in cases of extensive detachment from the ventricular 
wall (P = 0.025). The odds ratio of deterioration of pituitary 
function with tumor capsule detachment from the ventricular 
wall using logistic regression analysis was 14.0 (P = 0.022, 
95% CI: 1.47–133.2) (Table 2). Regarding the association 
between retreatment and the above items, retreatment was 
significantly more likely in cases of hypothalamic exten-
sion (P = 0.014) (Table 3). The hazard ratio of retreatment 
with hypothalamic extension and compression of the third 
ventricle from the lateral side using Cox regression analysis 
was 9.9 (P = 0.048, 95% CI: 1.03 – 95.8) (Table 3).

Discussion

Outcomes of combined treatment with ECPR 
and SRT

Our case series shows that ECPR for cystic craniopharyn-
gioma is a minimally invasive procedure aimed at preserv-
ing pituitary function that resulted in improvement of visual 
function in most cases and preservation of pituitary func-
tion in two-thirds of cases. Hypothalamic injury and seri-
ous complications were absent. If extended transsphenoidal 
surgery can achieve both curative resection and functional 
preservation, it is the best option. However, especially in 
cases of retroinfundibular or transinfundibular craniopharyn-
gioma, partial tumor resection may be necessary to preserve 
pituitary function [11, 39, 40]. Although we reported that 
preservation of the hypothalamus was compatible with total 
resection even by extended transsphenoidal surgery, there 
was a high risk of hypopituitarism and diabetes insipidus 
when total resection was performed [39, 40]. Therefore, if 
long-term tumor control can be achieved, this combination 
therapy, which is minimally invasive and provides a higher 
rate of functional preservation than extended transsphenoi-
dal surgery, seems to be a reasonable option.

Table 2   Factors associated with postoperative hypopituitarism

Postoperative pituitary function was more likely to deteriorate when the cyst wall was extensively dissected from the lateral wall of the third 
ventricle

Postoperative deterioration of pituitary 
function

Logistic regression analysis

 +  - P Odds ratio (95% CI) P

(n = 6) (n = 16)

Preoperative hypopituitarism  +  11 5 0.62
- 3 3

Maximum tumor diameter (mm) 28.3 ± 6.7 32.3 ± 11.3 0.43
Calcification on head CT  +  5 12 0.58

- 1 4
Multicystic  +  1 3 0.71

- 5 13
Solid component  +  1 5 0.46

- 5 11
Tumor extension Third ventricle 6 11 0.17

Hypothalamus 0 5
Previous treatment  +  0 4 0.25

- 12 6
Communication to the subarachnoid space  +  2 8 0.42

- 4 8
Extensive resection of the cyst wall  +  5 6 0.074

- 1 10
Extensive detachment from lateral wall of the 

third ventricle
 +  4 2 0.025 14.0 (1.47–133.2) 0.022
- 2 14 1
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Craniopharyngiomas are highly prone to local recur-
rence following partial resection alone, resulting in recur-
rence in 45% of cases [7]. On the other hand, the radiosen-
sitivity of these tumors is high, and SRT has been reported 
to provide tumor control at rates of 62 – 100%, with no dif-
ference in recurrence rate between total resection and sub-
total resection followed by SRT [5, 7]. In our study, all five 
patients without SRT showed recurrence after the initial 
follow-up, so SRT after ECPR was considered essential. 
However, tumor control was obtained in 82% of all cases 
with a combination of ECPR and SRT. Takano et al. also 
reported 89% tumor control with a similar method [37]. 
Adding SRT after ECPR markedly improves tumor control 
rates. However, craniopharyngiomas may recur in the long 
term even after complete surgical removal. Our median 
follow-up of 33 months may not be sufficient to evalu-
ate the long-term outcome of this treatment, and longer 
follow-up may be necessary because one of the patients 
who recurred had new cyst formation at 33 and 50 months 
after SRT. However, Takano et al. reported similar results 
with a longer median follow-up of 72.9 months. Therefore, 
sufficient long-term tumor control can be expected in our 
case.

Indications for combined treatment with ECPR 
and SRT

One of the reasons for the favorable therapeutic outcome 
regarding tumor control is that this procedure was limited 
to only optimal cases for neuroendoscopic surgery based 
on the tumor shape and the direction of progression. Since 
the purpose of this procedure is pretreatment for volume 
reduction before SRT, this procedure is not applied in cases 
with a large proportion of solid components. If the tumor 
volume is large before SRT, then there is a risk of radiation-
induced optic neuropathy and even hypothalamic damage. 
In this study, solid components were not more than 5% of 
tumor volume in all cases. In addition, all cysts should be 
accessible by neuroendoscopy, even in cases of multicystic 
craniopharyngioma, to prevent regrowth after SRT.

The results of this study indicate that craniopharyngio-
mas with extension into the hypothalamus and compression 
of the third ventricle from the lateral side are more likely 
to require retreatment than patients with direct extension 
into the third ventricle. Therefore, treatment outcomes may 
become worse if the indication is expanded. However, crani-
opharyngiomas are cystic and extend to the third ventricle in 

Fig. 6   Contrast-enhanced magnetic resonance imaging of a repre-
sentative case of craniopharyngioma controlled by neuroendoscopic 
cyst partial resection and stereotactic radiotherapy. A, B, C: Coro-
nal section. D, E, F: Sagittal section. A, D: Before neuroendoscopic 
cyst partial resection (ECPR). B, E: After ECPR. C, F: 33  months 
after stereotactic radiotherapy (SRT). This patient was a 69-year-old 

woman. She had visual impairment and was diagnosed with supra-
sellar craniopharyngioma. Her preoperative pituitary function was 
normal. After ECPR, her visual disturbance improved, and her pitui-
tary function did not deteriorate. After SRT, the tumor shrank further 
and showed no regrowth for 33 months after SRT
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many cases. Furthermore, although we previously reported 
that third ventricular craniopharyngiomas can also be 
removed by extended sphenoidal surgery [25], ECPR may 
replace this procedure in cases of purely cystic third ven-
tricular craniopharyngiomas. On the other hand, in cases 
which do not directly extend into the third ventricle, supra-
sellar blood vessels or nerves may be interposed between the 
tumor capsule and the hypothalamus. Therefore, extended 
transsphenoidal surgery or other skull base surgery may be 
preferable because there are risks of injury to these vital 
structures and results of SRT were not good.

This combination therapy requires radiation, which can 
cause side effects such as pituitary dysfunction, hypotha-
lamic disorders, and secondary tumor, so it may not be par-
ticularly recommended for pediatric patients. Therefore, we 
initially adopted this procedure for elderly patients. How-
ever, no patients suffered from such side effects of SRT dur-
ing the follow-up, so we gradually expanded the indication 
to include younger patients. Most pediatric craniopharyn-
giomas are treated with radiation therapy when the tumor 
remains after surgery. In particular, total tumor removal may 
be complicated by hypothalamic injury and endocrine disor-
ders, and radiation therapy is reported to be used in combi-
nation with partial tumor removal to preserve these functions 
[12, 17, 32]. It was previously reported that the need for hor-
mone replacement after CyberKnife for craniopharyngioma 

was as low as 2% [15]. In particular, patients who had not 
received hormone replacement prior to SRT did not experi-
ence functional decline after treatment. Therefore, this com-
bination therapy with ECPR and SRT may also be indicated 
for younger patients to preserve pituitary function.

In cases of panhypopituitarism with diabetes insipidus, 
extended transsphenoidal surgery may be prioritized for cur-
ability [39, 40]. However, there was no relationship between 
preoperative partial hypopituitarism and postoperative dete-
rioration of pituitary function in this study. Therefore, this 
procedure may also be indicated for patients with partial 
hypopituitarism if it is beneficial when compared with the 
advantages of radical cure and preservation of residual 
pituitary function. Traditional approaches, including trans-
sphenoidal and transcranial surgery, have been the mainstay 
treatment options. These methods offer the potential benefit 
of immediate and complete tumor removal. However, these 
methods also carry significant risks of postoperative compli-
cations, such as hypothalamic injury, hypopituitarism, dia-
betes insipidus and cerebrospinal fluid leakage, particularly 
when aiming for gross total resection. As mentioned above, 
it was reported that there were no difference in the recur-
rence rate of craniopharyngioma between total resection 
and subtotal resection followed by SRT, so in recent years, 
"hypothalamus-sparing surgery" is performed to preserve 
the hypothalamus and endocrine function[28]. However, a 

Table 3   Factors associated with retreatment after stereotactic radiotherapy

Craniopharyngiomas that extended into the third ventricle were less likely to need retreatment, while those that extended into the hypothalamus 
and compressed the third ventricle from the lateral side were more likely to need retreatment

Log-rank test Cox regression analysis

Retreatment
n  +  - P Hazard ratio (95% CI) P

Maximum tumor diameter (mm)  ≥ 26 mm 12 1 11 0.9
 < 26 mm 10 3 7

Calcification on head CT  +  17 4 13 0.29
- 5 0 5

Multicystic  +  4 1 3 0.85
- 18 3 15

Solid component 6 0 6 0.2
16 4 12

Tumor extension Third ventricle 17 1 16 0.014 1
Hypothalamus 5 3 2 9.9 (1.03–95.8) 0.048

Previous treatment  +  4 1 3 0.99
- 18 3 15

Communication to the subarachnoid space  +  2 8 10 0.9
- 2 10 12

Extensive resection of the cyst wall  +  1 10 11 0.42
- 3 8 11

Extensive detachment from lateral wall of the 
third ventricle

 +  0 6 6 0.27
- 4 12 16



Acta Neurochirurgica         (2024) 166:218 	 Page 11 of 13    218 

recent meta-analysis still reports a lower recurrence rate for 
total resection[1]. It has also been reported that significant 
dysfunction of the anterior and posterior pituitary often 
ensues, although preservation of the pituitary stalk reduces 
the rate of postoperative endocrinopathy[27]. If the tumor 
recurs after SRT, whether after ECPR or after subtotal resec-
tion, direct surgery is necessary. However, reoperation after 
ECPR is expected to be easier than after partial resection 
because the suprasellar anatomy is preserved. This combi-
nation therapy with ECPR and SRT is not a replacement for 
direct surgery, but may result in long-term tumor control. 
Therefore, it may be considered as an additional treatment 
option prior to direct surgery for cystic craniopharyngiomas 
in which pituitary function is preserved.

Recent reports have shown the effectiveness of BRAF/
MEK inhibitors in treating papillary craniopharyngioma 
[3]. In the future, drug therapy may be a viable treatment 
option for papillary craniopharyngiomas once a pathologi-
cal diagnosis is made, potentially eliminating the need for 
SRT. However, SRT still offers some advantages in terms of 
health economics.

Procedure for ECPR

Since it is difficult to achieve a radical cure by ECPR alone, 
complications of ECPR must be minimized. In this study, 
the only complication directly related to ECPR was men-
ingitis following wound infection in one case, except for 
pituitary dysfunction. However, postoperative pituitary 
function deterioration occurred in 36% of the patients in the 
present study. In cases of pituitary dysfunction caused by 
ECPR, there were also strong bilateral hypothalamic adhe-
sions, and the dysfunction was more likely to be exacerbated 
when these adhesions were dissected. Because extensive cyst 
wall resection or extensive detachment did not always pre-
vent recurrence, it would be better to limit detachment of 
the cyst wall from the ventricular wall to an area that can 
be easily dissected to preserve pituitary function. ECPR is 
not intended for aggressive surgical removal, but only as a 
pre-treatment of SRT. The purpose of ECPR is to decrease 
the target volume of SRT by perforating the cystic tumor 
and to prevent re-occlusion before SRT by partial resection. 
Therefore, for more aggressive tumor removal that requires 
surgical micromanipulation, skull base surgery such as 
extended transsphenoidal surgery is preferable. However, 
this combination therapy is not intended for that purpose. It 
is crucial to prioritize the prevention of hypopituitarism and 
other complications over increasing the tumor removal rate.

Timing of retreatment after SRT

Craniopharyngiomas have been reported to transiently 
increase in size until 4.27 to 9.5 months after SRT and 

then shrink [18, 35]. However, if there is no tendency 
toward shrinkage after 6 months to 1 year, then direct sur-
gery should be performed. Especially in the cases of three 
patients who underwent extended transsphenoidal surgery 
due to regrowth after SRT, the visual field deficit remained 
a sequela, so it may be better to perform surgery early if the 
visual field deficit has progressed. Moreover, SRT should be 
performed early after ECPR, since in our study, two patients 
who required reoperation due to regrowth after SRT showed 
enlargement between ECPR and SRT.

Conclusions

In selected cases with predominantly cystic craniopharyn-
gioma extending to the third ventricle, the ECPR combined 
with SRT is an alternative therapeutic strategy to the endo-
scopic endonasal radical surgery in terms of preservation 
of pituitary function and surgical complication. It should 
be noted that excessive detachment of the cyst wall from 
the hypothalamus should be avoided in order to preserve 
pituitary function with a higher probability.

Funding  This study was not funded by any specific grant.

Data availability  The datasets generated and/or analyzed in the current 
study are not publicly available due to ethical approval conditions, but 
are available from the corresponding author upon reasonable request.

Declarations 

Ethics approval  This retrospective study was approved by the Clini-
cal Research Ethics Review Committee of Toranomon Hospital (No. 
1748).

Competing interests  The authors declare they have no conflicts of 
interest, no commercial relationships and received no support from 
pharmaceutical or other companies.

References

	 1.	 Akinduro OO, Izzo A, Lu VM, Ricciardi L, Trifiletti D, Peterson 
JL, Bernet V, Donaldson A, Eggenberger E, Olomu O, Reimer R, 
Wharen R, Quinones-Hinojosa A, Chaichana KL (2019) Endo-
crine and visual outcomes following gross total resection and sub-
total resection of adult craniopharyngioma: systematic review and 
meta-analysis. World neurosurgery 127:e656–e668. https://​doi.​
org/​10.​1016/j.​wneu.​2019.​03.​239

	 2.	 Barajas MA, Ramirez-Guzman G, Rodriguez-Vazquez C, Toledo-
Buenrostro V, Velasquez-Santana H, del Robles RV, Cuevas-
Solorzano A, Rodriguez-Hernandez G (2002) Multimodal man-
agement of craniopharyngiomas: neuroendoscopy, microsurgery, 
and radiosurgery. J Neurosurg 97:607–609. https://​doi.​org/​10.​
3171/​jns.​2002.​97.​suppl​ement

	 3.	 Brastianos PK, Twohy E, Geyer S, Gerstner ER, Kaufmann TJ, 
Tabrizi S, Kabat B, Thierauf J, Ruff MW, Bota DA, Reardon DA, 

https://doi.org/10.1016/j.wneu.2019.03.239
https://doi.org/10.1016/j.wneu.2019.03.239
https://doi.org/10.3171/jns.2002.97.supplement
https://doi.org/10.3171/jns.2002.97.supplement


	 Acta Neurochirurgica         (2024) 166:218   218   Page 12 of 13

Cohen AL, De La Fuente MI, Lesser GJ, Campian J, Agarwalla 
PK, Kumthekar P, Mann B, Vora S, Knopp M, Iafrate AJ, Curry 
WT Jr, Cahill DP, Shih HA, Brown PD, Santagata S, Barker FG 
2nd, Galanis E (2023) BRAF-MEK inhibition in newly diagnosed 
papillary craniopharyngiomas. N Engl J Med 389:118–126. 
https://​doi.​org/​10.​1056/​NEJMo​a2213​329

	 4.	 Cinalli G, Spennato P, Cianciulli E, Fiorillo A, Di Maio S, Maggi G 
(2006) The role of transventricular neuroendoscopy in the manage-
ment of craniopharyngiomas: three patient reports and review of the 
literature. J Pediatric Endocrinol Metab : JPEM 19(Suppl 1):341–354

	 5.	 Conti A, Pontoriero A, Ghetti I, Senger C, Vajkoczy P, Pergolizzi 
S, Germano A (2019) Benefits of image-guided stereotactic hypo-
fractionated radiation therapy as adjuvant treatment of craniophar-
yngiomas. A Review Childs Nerv Syst 35:53–61. https://​doi.​org/​
10.​1007/​s00381-​018-​3954-z

	 6.	 Cossu G, Jouanneau E, Cavallo LM, Elbabaa SK, Giammattei L, 
Starnoni D, Barges-Coll J, Cappabianca P, Benes V, Baskaya MK, 
Bruneau M, Meling T, Schaller K, Chacko AG, Youssef AS, Maz-
zatenta D, Ammirati M, Dufour H, Laws E, Berhouma M, Daniel 
RT, Messerer M (2020) Surgical management of craniopharyn-
giomas in adult patients: a systematic review and consensus state-
ment on behalf of the EANS skull base section. Acta Neurochir 
162:1159–1177. https://​doi.​org/​10.​1007/​s00701-​020-​04265-1

	 7.	 Dandurand C, Sepehry AA, Asadi Lari MH, Akagami R, Gooder-
ham P (2018) Adult craniopharyngioma: case series, systematic 
review, and meta-analysis. Neurosurgery 83:631–641. https://​doi.​
org/​10.​1093/​neuros/​nyx570

	 8.	 Delitala A, Brunori A, Chiappetta F (2004) Purely neuroendo-
scopic transventricular management of cystic craniopharyn-
giomas. Childs Nerv Syst 20:858–862. https://​doi.​org/​10.​1007/​
s00381-​004-​0943-1

	 9.	 Dho YS, Kim YH, Se YB, Han DH, Kim JH, Park CK, Wang KC, 
Kim DG (2018) Endoscopic endonasal approach for craniophar-
yngioma: the importance of the relationship between pituitary 
stalk and tumor. J Neurosurg 129:611–619. https://​doi.​org/​10.​
3171/​2017.4.​JNS16​2143

	10.	 Esposito F, Dusick JR, Fatemi N, Kelly DF (2007) Graded repair 
of cranial base defects and cerebrospinal fluid leaks in transs-
phenoidal surgery. Oper Neurosurg (Hagerstown) 60:295–303. 
https://​doi.​org/​10.​1227/​01.​NEU.​00002​55354.​64077.​66. (discus-
sion 303–294)

	11.	 Fernandez-Miranda JC, Gardner PA, Snyderman CH, Devaney 
KO, Strojan P, Suarez C, Genden EM, Rinaldo A, Ferlito A (2012) 
Craniopharyngioma: a pathologic, clinical, and surgical review. 
Head Neck 34:1036–1044. https://​doi.​org/​10.​1002/​hed.​21771

	12.	 Fouda MA, Karsten M, Staffa SJ, Scott RM, Marcus KJ, Baird LC 
(2021) Management strategies for recurrent pediatric craniophar-
yngioma: new recommendations. J Neurosurg Pediatr 27:548–
555. https://​doi.​org/​10.​3171/​2020.9.​PEDS2​0606

	13.	 Fukuhara N, Nishioka H, Yamada S (2017) Acute Subdural Hema-
toma Immediately After Extended Transsphenoidal Surgery for 
Craniopharyngioma. Turk Neurosurg 27:309–311. https://​doi.​org/​
10.​5137/​1019-​5149.​JTN.​12717-​14.2

	14.	 Hellwig D, Bauer BL, List-Hellwig E (1995) Stereotactic endo-
scopic interventions in cystic brain lesions. Acta Neurochir Suppl 
64:59–63. https://​doi.​org/​10.​1007/​978-3-​7091-​9419-5_​13

	15.	 Iwata H, Tatewaki K, Inoue M, Yokota N, Baba Y, Nomura R, Shi-
bamoto Y, Sato K (2012) Single and hypofractionated stereotactic 
radiotherapy with CyberKnife for craniopharyngioma. J Neuroon-
col 106:571–577. https://​doi.​org/​10.​1007/​s11060-​011-​0693-3

	16.	 Kassam AB, Gardner PA, Snyderman CH, Carrau RL, Mintz 
AH, Prevedello DM (2008) Expanded endonasal approach, a 
fully endoscopic transnasal approach for the resection of midline 
suprasellar craniopharyngiomas: a new classification based on the 
infundibulum. J Neurosurg 108:715–728. https://​doi.​org/​10.​3171/​
JNS/​2008/​108/4/​0715

	17.	 Kiehna EN, Merchant TE (2010) Radiation therapy for pediatric 
craniopharyngioma. Neurosurg Focus 28:E10. https://​doi.​org/​10.​
3171/​2010.1.​FOCUS​09297

	18.	 Lamiman K, Wong KK, Tamrazi B, Nosrati JD, Olch A, Chang 
EL, Kiehna EN (2016) A quantitative analysis of craniophar-
yngioma cyst expansion during and after radiation therapy and 
surgical implications. Neurosurg Focus 41:E15. https://​doi.​org/​
10.​3171/​2016.9.​FOCUS​16298

	19.	 Lauretti L, Legninda Sop FY, Pallini R, Fernandez E, 
D’Alessandris QG (2018) Neuroendoscopic treatment of cystic 
craniopharyngiomas: a case series with systematic review of the 
literature. World neurosurgery 110:e367–e373. https://​doi.​org/​
10.​1016/j.​wneu.​2017.​11.​004

	20.	 Muller HL (2017) Diagnosis, treatment, clinical course, and 
prognosis of childhood-onset craniopharyngioma patients. Min-
erva endocrinologica 42:356–375. https://​doi.​org/​10.​23736/​
S0391-​1977.​17.​02615-3

	21.	 Nakahara Y, Koga H, Maeda K, Takagi M, Tabuchi K (2004) 
Neuroendoscopic transventricular surgery for suprasellar cystic 
mass lesions such as cystic craniopharyngioma and Rathke cleft 
cyst. Neurologia medico-chirurgica 44:408–413. https://​doi.​org/​
10.​2176/​nmc.​44.​408. (discussion 414–405)

	22.	 Nakamizo A, Inamura T, Nishio S, Inoha S, Ishibashi H, Fukui 
M (2001) Neuroendoscopic treatment of cystic craniopharyngi-
oma in the third ventricle. Minim Invasive Neurosurg 44:85–87. 
https://​doi.​org/​10.​1055/s-​2001-​16003

	23.	 Ndukuba K, Ogiwara T, Nakamura T, Abe D, Ichinose S, 
Horiuchi T, Ohaegbulam S, Hongo K (2020) Cyst fenestration 
and Ommaya reservoir placement in endoscopic transcorti-
cal transventricular approach for recurrent suprasellar cystic 
craniopharyngioma without ventriculomegaly. J Clin Neurosci 
72:425–428. https://​doi.​org/​10.​1016/j.​jocn.​2019.​12.​060

	24.	 Nicolato A, Foroni R, Rosta L, Gerosa M, Bricolo A (2004) 
Multimodality stereotactic approach to the treatment of cystic 
craniopharyngiomas. Minim Invasive Neurosurg 47:32–40. 
https://​doi.​org/​10.​1055/s-​2003-​812467

	25.	 Nishioka H, Fukuhara N, Yamaguchi-Okada M, Yamada S 
(2016) Endoscopic endonasal surgery for purely intrathird ven-
tricle craniopharyngioma. World neurosurgery 91:266–271. 
https://​doi.​org/​10.​1016/j.​wneu.​2016.​04.​042

	26.	 Olsson DS, Andersson E, Bryngelsson IL, Nilsson AG, Johanns-
son G (2015) Excess mortality and morbidity in patients with 
craniopharyngioma, especially in patients with childhood onset: 
a population-based study in Sweden. J Clin Endocrinol Metab 
100:467–474. https://​doi.​org/​10.​1210/​jc.​2014-​3525

	27.	 Ordonez-Rubiano EG, Forbes JA, Morgenstern PF, Arko L, 
Dobri GA, Greenfield JP, Souweidane MM, Tsiouris AJ, Anand 
VK, Kacker A, Schwartz TH (2018) Preserve or sacrifice the 
stalk? Endocrinological outcomes, extent of resection, and 
recurrence rates following endoscopic endonasal resection of 
craniopharyngiomas. J Neurosurg 131:1–9. https://​doi.​org/​10.​
3171/​2018.6.​JNS18​901

	28.	 Otte A, Muller HL (2021) Childhood-onset Craniopharyngioma. 
J Clin Endocrinol Metab 106:e3820–e3836. https://​doi.​org/​10.​
1210/​clinem/​dgab3​97

	29.	 Park YS, Chang JH, Park YG, Kim DS (2011) Recurrence rates 
after neuroendoscopic fenestration and Gamma Knife surgery in 
comparison with subtotal resection and Gamma Knife surgery 
for the treatment of cystic craniopharyngiomas. J Neurosurg 
114:1360–1368. https://​doi.​org/​10.​3171/​2009.9.​JNS09​301

	30.	 Pettorini BL, Tamburrini G, Massimi L, Caldarelli M, Di Rocco C 
(2009) Endoscopic transventricular positioning of intracystic cathe-
ter for treatment of craniopharyngioma Technical note. J Neurosurg 
Pediatr 4:245–248. https://​doi.​org/​10.​3171/​2009.4.​PEDS0​978

	31.	 Puget S, Garnett M, Wray A, Grill J, Habrand JL, Bodaert N, 
Zerah M, Bezerra M, Renier D, Pierre-Kahn A, Sainte-Rose C 

https://doi.org/10.1056/NEJMoa2213329
https://doi.org/10.1007/s00381-018-3954-z
https://doi.org/10.1007/s00381-018-3954-z
https://doi.org/10.1007/s00701-020-04265-1
https://doi.org/10.1093/neuros/nyx570
https://doi.org/10.1093/neuros/nyx570
https://doi.org/10.1007/s00381-004-0943-1
https://doi.org/10.1007/s00381-004-0943-1
https://doi.org/10.3171/2017.4.JNS162143
https://doi.org/10.3171/2017.4.JNS162143
https://doi.org/10.1227/01.NEU.0000255354.64077.66
https://doi.org/10.1002/hed.21771
https://doi.org/10.3171/2020.9.PEDS20606
https://doi.org/10.5137/1019-5149.JTN.12717-14.2
https://doi.org/10.5137/1019-5149.JTN.12717-14.2
https://doi.org/10.1007/978-3-7091-9419-5_13
https://doi.org/10.1007/s11060-011-0693-3
https://doi.org/10.3171/JNS/2008/108/4/0715
https://doi.org/10.3171/JNS/2008/108/4/0715
https://doi.org/10.3171/2010.1.FOCUS09297
https://doi.org/10.3171/2010.1.FOCUS09297
https://doi.org/10.3171/2016.9.FOCUS16298
https://doi.org/10.3171/2016.9.FOCUS16298
https://doi.org/10.1016/j.wneu.2017.11.004
https://doi.org/10.1016/j.wneu.2017.11.004
https://doi.org/10.23736/S0391-1977.17.02615-3
https://doi.org/10.23736/S0391-1977.17.02615-3
https://doi.org/10.2176/nmc.44.408
https://doi.org/10.2176/nmc.44.408
https://doi.org/10.1055/s-2001-16003
https://doi.org/10.1016/j.jocn.2019.12.060
https://doi.org/10.1055/s-2003-812467
https://doi.org/10.1016/j.wneu.2016.04.042
https://doi.org/10.1210/jc.2014-3525
https://doi.org/10.3171/2018.6.JNS18901
https://doi.org/10.3171/2018.6.JNS18901
https://doi.org/10.1210/clinem/dgab397
https://doi.org/10.1210/clinem/dgab397
https://doi.org/10.3171/2009.9.JNS09301
https://doi.org/10.3171/2009.4.PEDS0978


Acta Neurochirurgica         (2024) 166:218 	 Page 13 of 13    218 

(2007) Pediatric craniopharyngiomas: classification and treat-
ment according to the degree of hypothalamic involvement. J 
Neurosurg 106:3–12. https://​doi.​org/​10.​3171/​ped.​2007.​106.1.3

	32.	 Ravindra VM, Okcu MF, Ruggieri L, Frank TS, Paulino AC, 
McGovern SL, Horne VE, Dauser RC, Whitehead WE, Aldave 
G (2021) Comparison of multimodal surgical and radiation 
treatment methods for pediatric craniopharyngioma: long-term 
analysis of progression-free survival and morbidity. J Neurosurg 
Pediatr 28:1–8. https://​doi.​org/​10.​3171/​2020.​11.​PEDS2​0803

	33.	 Schoenfeld A, Pekmezci M, Barnes MJ, Tihan T, Gupta 
N, Lamborn KR, Banerjee A, Mueller S, Chang S, Berger 
MS, Haas-Kogan D (2012) The superiority of conserva-
tive resection and adjuvant radiation for craniopharyngio-
mas. J Neurooncol 108:133–139. https://​doi.​org/​10.​1007/​
s11060-​012-​0806-7

	34.	 Schwartz TH, Morgenstern PF, Anand VK (2019) Lessons learned 
in the evolution of endoscopic skull base surgery. J Neurosurg 
130:337–346. https://​doi.​org/​10.​3171/​2018.​10.​JNS18​2154

	35.	 Shi Z, Esiashvili N, Janss AJ, Mazewski CM, MacDonald TJ, 
Wrubel DM, Brahma B, Schwaibold FP, Marcus RB, Crocker IR, 
Shu HK (2012) Transient enlargement of craniopharyngioma after 
radiation therapy: pattern of magnetic resonance imaging response 
following radiation. J Neurooncol 109:349–355. https://​doi.​org/​10.​
1007/​s11060-​012-​0900-x

	36.	 Shukla D (2015) Transcortical transventricular endoscopic approach 
and ommaya reservoir placement for cystic craniopharyngioma. 
Pediatr Neurosurg 50:291–294. https://​doi.​org/​10.​1159/​00043​3605

	37.	 Takano S, Akutsu H, Mizumoto M, Yamamoto T, Tsuboi K, Mat-
sumura A (2015) Neuroendoscopy followed by radiotherapy in 
cystic craniopharyngiomas–a long-term follow-up. World Neuro-
surgery 84(1305–1315):e1301-1302. https://​doi.​org/​10.​1016/j.​wneu.​
2015.​06.​022

	38.	 Takeuchi K, Watanabe T, Nagatani T, Nagata Y, Chu J, Wakabayashi T 
(2016) Incidence and risk factors of subdural hematoma after intraoper-
ative cerebrospinal fluid leakage during the transsphenoidal approach. 
Pituitary 19:565–572. https://​doi.​org/​10.​1007/​s11102-​016-​0746-x

	39.	 Yamada S, Fukuhara N, Oyama K, Takeshita A, Takeuchi Y, Ito 
J, Inoshita N (2010) Surgical outcome in 90 patients with crani-
opharyngioma: an evaluation of transsphenoidal surgery. World 
neurosurgery 74:320–330. https://​doi.​org/​10.​1016/j.​wneu.​2010.​
06.​014

	40.	 Yamada S, Fukuhara N, Yamaguchi-Okada M, Nishioka H, 
Takeshita A, Takeuchi Y, Inoshita N, Ito J (2018) Therapeutic 
outcomes of transsphenoidal surgery in pediatric patients with 
craniopharyngiomas: a single-center study. J Neurosurg Pediatr 
21:549–562. https://​doi.​org/​10.​3171/​2017.​10.​PEDS1​7254

	41.	 Yang I, Sughrue ME, Rutkowski MJ, Kaur R, Ivan ME, Aranda 
D, Barani IJ, Parsa AT (2010) Craniopharyngioma: a compari-
son of tumor control with various treatment strategies. Neuro-
surg Focus 28:E5. https://​doi.​org/​10.​3171/​2010.1.​FOCUS​09307

	42.	 Yang L, Xie SH, Fang C, Zeng EM, Tang B, Hong T (2019) 
Preservation of Hypothalamic Function with Endoscopic Endo-
nasal Resection of Hypothalamus-Invaded Craniopharyngiomas. 
World neurosurgery 132:e841–e851. https://​doi.​org/​10.​1016/j.​
wneu.​2019.​07.​225

	43.	 Zhang C, Verma V, Lyden ER, Horowitz DP, Zacharia BE, Lin 
C, Connolly EP (2018) The role of definitive radiotherapy in 
craniopharyngioma: A SEER analysis. Am J Clin Oncol 41:807–
812. https://​doi.​org/​10.​1097/​COC.​00000​00000​000378

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.3171/ped.2007.106.1.3
https://doi.org/10.3171/2020.11.PEDS20803
https://doi.org/10.1007/s11060-012-0806-7
https://doi.org/10.1007/s11060-012-0806-7
https://doi.org/10.3171/2018.10.JNS182154
https://doi.org/10.1007/s11060-012-0900-x
https://doi.org/10.1007/s11060-012-0900-x
https://doi.org/10.1159/000433605
https://doi.org/10.1016/j.wneu.2015.06.022
https://doi.org/10.1016/j.wneu.2015.06.022
https://doi.org/10.1007/s11102-016-0746-x
https://doi.org/10.1016/j.wneu.2010.06.014
https://doi.org/10.1016/j.wneu.2010.06.014
https://doi.org/10.3171/2017.10.PEDS17254
https://doi.org/10.3171/2010.1.FOCUS09307
https://doi.org/10.1016/j.wneu.2019.07.225
https://doi.org/10.1016/j.wneu.2019.07.225
https://doi.org/10.1097/COC.0000000000000378

	Long-term outcomes of neuroendoscopic cyst partial resection combined with stereotactic radiotherapy for craniopharyngioma
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Study design and patients
	Indications for combined ECPR and SRT
	Surgical techniques for ECPR
	Statistical analysis

	Results
	Patient selection
	Demographics
	Outcomes of ECPR
	Outcomes of SRT
	Factors associated with postoperative hypopituitarism and retreatment

	Discussion
	Outcomes of combined treatment with ECPR and SRT
	Indications for combined treatment with ECPR and SRT
	Procedure for ECPR
	Timing of retreatment after SRT

	Conclusions
	References


