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Abstract

Purpose Patients suffering from craniopharyngiomas currently have good survival rates, but long-term sequelae, such as 

development of obesity, worsen their quality of life. Optimal treatment is still controversial and changed during the decades, 

becoming less aggressive. Transcranial (TC) surgery was the first approach to be used, followed by extended transsphenoidal 

(eTNS) access. This study aims to compare the two approaches in terms of risk of hypothalamic damage leading to obesity.

Methods This is a monocentric retrospective analysis of post-puberal patients treated for primary craniopharyngioma. 

Postoperative obesity and percentual postsurgical BMI variation were considered proxy for hypothalamic function and 

used to fit regression models with basal BMI, type of surgery, tumor volume and hypothalamic involvement (anterior vs. 

anteroposterior).

Results No difference in radicality was observed between the two approaches; eTNS was more effective in ameliorating 

visual function but was significantly associated with CSF leaks. The TC approach was associated with a higher incidence 

of diabetes insipidus. Regression analysis showed only tumor volume and basal BMI resulted as independent predictors for 

both postoperative obesity (respectively, OR 1.15, P = 0.041, and OR 1.57, P < 0.001) and percentual BMI variation (respec-

tively, + 0.92%, P = 0.005, and − 1.49%, P = 0.001).

Conclusions Larger lesions portend a higher risk to develop postoperative obesity, independently of hypothalamic involve-

ment. Interestingly, basal BMI is independent of lesional volume and is associated with postoperative obesity, but lesser 

postoperative BMI variation. The surgical approach does not influence the obesity risk. However, eTNS proves valid in 

managing large tumors with important hypothalamic invasion.
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Introduction

Craniopharyngioma is a histologically benign tumor aris-

ing in the sellar and suprasellar region along the path of the 

craniopharyngeal duct. It occurs at a rate of 1.3 per million 

person per year [1] and accounts for 2–5% of all primary 

intracranial tumors, and 3–5.6% of intracranial neoplasms 

in the pediatric population [2, 3]. Despite its benign appear-

ance, it can portend an unfavorable prognosis due to the rela-

tionships with deep diencephalic structures [4]. The qual-

ity of life should be considered a principal endpoint, since 

patients currently experience good overall survival rates, 

as high as 85–93% at 10 years, regardless of the degree of 

surgical resection [5]. Long-term sequelae worsen the qual-

ity of life in 50% of long-term survivors, especially obesity 

and neurobehavioral impairment caused by hypothalamic 

involvement or treatment-related lesions [3].

The optimal treatment of patients with craniopharyngi-

oma is still controversial and has changed during the dec-

ades, shifting from attempting total removal to a less aggres-

sive surgery [6–11]. Historically, transcranial approaches 

were the first to be used to address this pathology [5, 12, 13]. 
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Transsphenoidal surgery (TNS), which allows access to the 

sellar region without brain retraction [14], was reserved only 

for lesions with a predominant intrasellar component [5, 15]. 

However, with the development of the extended transsphe-

noidal access [16, 17], by means of removal of the tubercu-

lum sellae and the posterior planum sphenoidale, asportation 

of purely suprasellar pathologies became possible [18, 19], 

so that in the last decades this technique has increasingly 

been reported for such lesions [8, 20–22].

Therefore, we intended to assess whether the extended 

transsphenoidal (eTNS) approach is more advantageous than 

the transcranial (TC) one to reduce the risk of hypothalamic 

surgical damage and particularly of obesity.

Materials and methods

Study design

This is a cohort study consisting of a retrospective analysis 

of patients treated for primary craniopharyngioma at the 

Department of Neurosurgery of our institution, between 

1994 and 2019. Increasing experience and comfort with 

eTNS technique, led to treat more patients through this 

approach over the years. As a matter of fact, before 2010, 

the eTNS approach was reserved for lesions with important 

sellar invasion and enlargement, while afterwards the main 

criterion used to select this approach has become the MRI 

evidence of a direct sagittal corridor to prevalently cystic 

tumors, mostly independent of sellar dimension. Conse-

quently, after 2010 eTNS has been progressively adopted 

even for tumors with predominant suprasellar extension 

and normal-size pituitary fossa, while the TC approach has 

remained the first choice for very asymmetrical lesions, 

with predominant lateral or subfrontal extension, reaching 

up to the foramina of Monro and beyond. Therefore, the 

groups of interest are the eTNS and TC surgical cohorts 

with hypothalamic involvement, as assessed by preopera-

tive magnetic resonance imaging (MRI). Exclusion criteria 

consisted of previous surgery, no hypothalamic involvement 

according to Müller’s classification [23], prepuberal stage 

(age < 14 years), and missing data about body mass index 

(BMI) or tumor volume.

Data collection

Clinical and tumor characteristics at baseline and dur-

ing long-term follow-up were collected in a prospectively 

maintained database that included general information (age, 

sex, date of surgery, height, weight, BMI), clinical presen-

tation (pituitary function, visual deficits), tumor character-

istics (location, volume, hypothalamic involvement, histol-

ogy), treatment outcome (radicality of resection at early 

postoperative MRI, as assessed by the two senior authors, 

which was dichotomized in radical resection vs. macroscopic 

evidence of residue), and long-term follow-up information 

(further treatments, either surgical or radiant, complications, 

date of last follow-up, and BMI at last follow-up).

Surgical complications were considered major when 

resulted in permanent disabling sequelae or required further 

surgical intervention, otherwise were classified as minor. 

Infections of the central nervous system were considered 

separately from other infective events and were classified as 

major when they occurred in the presence of cerebrospinal 

fluid (CSF) leak, and minor in the absence of overt fistulae. 

CSF fistulae were dichotomized in major, when requiring 

surgical repair, and minor when autonomously recovered 

following single lumbar puncture or a short course of con-

tinuous external lumbar drainage.

Preoperative neuroradiological evaluation

DICOM images were analyzed with OsiriX software (ver-

sion 8.5.2) and craniopharyngioma was delimited as a region 

of interest (ROI), for which the volume was automatically 

provided in cubic centimeters. Hypothalamic involvement 

was graded into anterior and anteroposterior according to 

Müller’s classification [23]. We also considered the T2 

hyperintensity of hypothalamic structure [24].

Clinical evaluation

Pituitary function was assessed as detailed elsewhere [4]. 

Briefly, GH secretion deficit was diagnosed in pubertal chil-

dren with growth arrest and in adults with an insufficient 

GH response to stimulation tests. Hypogonadotropic hypo-

gonadism was diagnosed in premenopausal women with 

amenorrhea and in men with subnormal testosterone levels, 

and low or normal gonadotropin levels in both sexes. Sec-

ondary hypoadrenalism was diagnosed in patients with low 

morning cortisol levels and/or clinical symptoms of hypoad-

renalism which improved after replacement therapy with 

glucocorticoids. Secondary hypothyroidism was detected in 

patients with low free-thyroxine levels and normal or sup-

pressed TSH concentrations. Diabetes insipidus was diag-

nosed, before or after surgery, in patients who had hypotonic 

polyuria (> 40 ml/kg body weight daily).

Pre- and postoperative visual function was investigated, 

both in relation to acuity and perimetry, and their evolution 

after surgical treatment in terms of amelioration, deteriora-

tion, or development of new deficit.

Hypothalamic function evaluation

Anthropometric data were used as a proxy for hypotha-

lamic control over body composition both preoperatively 
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and at last follow-up. BMI was calculated as the body 

weight divided by squared height (kg/m2). Postoperative 

BMI and the percentual BMI variation with respect to pre-

operative BMI were considered. Obesity was defined as a 

BMI > 30 kg/m2.

Follow‑up and recurrence

Patients were followed with serial contrast-enhanced MRI 

examinations, the first postoperative study being within 

3 months of surgery, and subsequent surveillance imag-

ing recommended at 6-month intervals for 2 years and then 

yearly or at increasing intervals, depending on the radio-

logical and clinical findings. All patients also underwent 

a complete postoperative neuro-ophthalmologic evaluation 

with visual field testing.

Length of follow-up was measured in months and was 

separated into clinical follow-up (from the day of surgery 

to the last clinical update) and radiological follow-up (from 

surgery date to the date of last MRI).

Recurrence (the appearance of pathological tissue that 

had not previously been detected on MRI) and progression 

(new growth of pre-existing residual disease) were consid-

ered together. In such case, time to recurrence/progression 

was calculated as the interval between date of surgery and 

the date of the MRI showing recurrence/progression.

Statistical analysis

Continuous data were examined for homogeneity of variance 

and normal distribution. Mean ± standard deviation (SD) 

and median and interquartile range (IQR) were reported, 

as appropriate. Statistics of means were carried out using 

the unpaired Student t-test for normally distributed variables 

and Wilcoxon rank sum tests for not normally distributed 

variables. Categorical variables were described by means of 

crosstabulation and were compared with the Chi-square test 

or Fisher exact test as appropriate. Postoperative control over 

body weight was investigated by means of two models. In 

the former, the categorical variable of postoperative obesity 

(defined as a postoperative BMI > 30 kg/m2) was analyzed 

by means of simple and multiple logistic regression. In the 

latter model, percentual BMI variation with respect to base-

line was examined by means of simple and multiple linear 

regression analysis. Estimates of the cumulative event rate 

for recurrence/progression of the tumor were calculated with 

the Kaplan–Meier method and statistically significant differ-

ence between patient subgroups were investigated with the 

Log Rank test. Data for patients who were lost at follow-up, 

died, or refused further controls were censored at the time of 

the last radiological study. A P value < 0.050 was considered 

to indicate statistical significance and all reported probability 

values were two-tailed. All analyses were performed using R 

(version 3.6.3) and RStudio (version 1.2.1335).

Results

Patient population

From 1994 to 2019, a total of 201 patients with craniophar-

yngioma have been treated at our institution. However, we 

were able to systematically review the images of patients 

whose studies were carried out at our hospital after the 

installment of the new digital image archive system or of 

those who sent us their preoperative MRI when contacted 

for the clinical follow-up. Additionally, more dated stud-

ies were almost exclusively in non-digital format, thus not 

valuable for software volumetric analyses. Therefore, we 

selected 90 total patients that were subsequently cut down 

to 59 (20 eTNS and 39 TC) according to the exclusion cri-

teria (Fig. 1). To ascertain that this selection had not intro-

duced any unseen bias in our study population and that 

the two cohorts could be considered bona fide homogene-

ous, we evaluated a range of relevant basal and postopera-

tive clinical, pathological, and radiological data, grouped 

according to the type of surgical approach, as reported in 

Tables 1 and 2. Notably, significant differences between 

the two groups were observed for the detection at MRI of 

hypothalamic involvement, as anteroposterior extension was 

consistently more represented in the TC group (69.2% vs 

35%, P = 0.025). This imbalance is explained by the fact that 

the anteroposterior extension of the tumor was an impor-

tant determinant in the choice of the surgical approach up 

until the more recent years. The TC cohort showed a slightly 

higher tumoral volume than eTNS, even if not significant, 

Fig. 1  Flow chart depicting total population of interest, inclusion and 

exclusion criteria and number of patients for each step, leading to 

final study sample
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as well as a slightly more compromised basal pituitary 

function. However, only hypogonadism was significantly 

more frequent in TC patients (81.6% vs 42.1%, P = 0.007). 

Correlation between tumor volume and hormonal deficits 

was significant only for the thyroid ax (t-test and logistic 

regression P = 0.038), while not significant when consid-

ering basal gonadal (t-test P = 0.199, logistic regression 

P = 0.219) and adrenal (t-test P = 0.602, logistic regression 

P = 0.581) axes. The eTNS cohort comprised older patients 

(50 ± 16.4 vs. 40.2 ± 12.9 years, P = 0.017) and consisted 

Table 1  Descriptive statistics 

of preoperative clinico-

radiological data of the two 

surgical cohorts

Continuous variables are reported as means ± standard deviation (median, interquartile range); statistics of 

means are calculated using the unpaired Student t-test for normally distributed variables and Wilcoxon rank 

sum tests for not normally distributed variables. Categorical variables are reported as total numbers (%) 

and are compared with the Chi-square test or Fisher exact test as appropriate. Statistics were calculated 

on total population for whom appropriate data were available. In bold are highlighted significant P-values, 

indicating non-homogeneous features between the two cohorts

Acu acuity, Ant anterior, AP anteroposterior, BMI body mass index, DI diabetes insipidus, eTNS extended 

transsphenoidal, P P-value, Per perimetry, TC transcranial

Total eTNS TC P

Gender M 33/59 (55.9%)

F 26/59 (44.1%)

M 16/20 (80.0%)

F 4/20 (20.0%)

M 17/39 (43.6%)

F 22/39 (56.4%)

.017

Age (years) 43.5 ± 14.8

(42.0, 22.0)

50.0 ± 16.4

(51.0, 27.3)

40.2 ± 12.9

(40.0, 20.5)

.026

Volume (cc) 9.10 ± 8.61

(6.21, 9.35)

6.27 ± 4.46

(4.60, 3.91)

10.55 ± 9.84

(7.08, 11.63)

.148

Hypothalamic involvement Ant 25/59 (42.4%)

AP 34/59 (57.6%)

Ant 13/20 (65.0%)

AP 7/20 (35.0%)

Ant 12/39 (30.8%)

AP 27/39 (69.2%)

.025

Hypothalamic T2 hyperintensity 41/54 (75.9%) 13/20 (65.0%) 28/34 (82.4%) .267

Baseline weight (kg) 72.8 ± 16.8

(74.0, 19.5)

75.0 ± 16.7

(76.5, 14.0)

71.6 ± 17.0

(70.0, 21.5)

.464

Baseline BMI (kg/m2) 25.8 ± 5.1

(25.4, 6.7)

26.5 ± 4.5

(25.5, 6.8)

25.4 ± 5.3

(25.3, 7.1)

.421

Baseline obesity 12/59 (20.3%) 5/20 (25.0%) 7/39 (17.9%) .768

Baseline hyperphagia 13/59 (22.0%) 3/20 (15.0%) 10/39 (25.6%) .511

Baseline DI 14/59 (23.7%) 4/20 (20.0%) 10/39 (25.6%) .753

Baseline hypogonadism 39/57 (68.4%) 8/19 (42.1%) 31/38 (81.6%) .007

Baseline hypothyroidism 21/54 (38.9%) 4/17 (23.5%) 17/37 (45.9%) .205

Baseline hypoadrenalism 19/58 (32.8%) 4/20 (20.0%) 15/38 (39.5%) .227

Baseline hyperprolactinemia 29/59 (49.2%) 8/20 (40.0%) 21/39 (53.8%) .464

Baseline visus defects Acu 24/59 (40.7%)

Per 18/59 (30.5%)

Acu 6/20 (30.0%)

Per 8/20 (40.0%)

Acu 18/39 (46.2%)

Per 10/39 (25.6%)

.416

Table 2  Descriptive statistics of 

surgical and follow-up data of 

the two surgical cohorts

Continuous variables are reported as means ± standard deviation (median, interquartile range); statistics of 

means are calculated using the unpaired Student t-test for normally distributed variables and Wilcoxon rank 

sum tests for not normally distributed variables. Categorical variables are reported as total numbers (%) 

and are compared with the Chi-square test or Fisher exact test as appropriate. Statistics were calculated on 

total population for whom appropriate data were available. In bold are highlighted significant P-values

Ada adamantinomatous, EOR extent of resection, eTNS extended transsphenoidal, FU follow-up, P 

P-value, Pap papillar, Rad radical, Res residue, TC transcranial

Total eTNS TC P

Histology Ada 49/59 (83.1%)

Pap 10/59 (16.9%)

Ada 16/20 (80.0%)

Pap 4/20 (20.0%)

Ada 33/39 (84.6%)

Pap 6/39 (15.4%)

.936

Radiological EOR Rad 51/57 (89.5%)

Res 6/57 (10.5%)

Rad 17/19 (89.5%)

Res 2/19 (10.5%)

Rad 34/38 (89.5%)

Res 4/38 (10.5%)

1

Clinical FU (months) 66.4 ± 53.8

(60.0, 75.5)

38.4 ± 45.0

(21.5, 27.5)

80.8 ± 52.7

(80.0, 73.5)

.001

Radiological FU (months) 62.8 ± 48.7

(55.0, 74.0)

33.2 ± 31.3

(20.5, 27.5)

78.4 ± 49.2

(71.5, 62.3)

 < .001
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mainly of males (80% vs 43.6%, P = 0.026). No difference in 

the surgical radicality was observed between the two groups 

(89.5% in both cohorts, P = 1.00), indicating that both tech-

niques were equally effective. On the other hand, the eTNS 

cohort had significantly shorter clinical (38.4 ± 45.0 vs 

80.8 ± 52.7 months, P = 0.001) and radiological (33.2 ± 31.3 

vs 78.4 ± 49.2 months, P < 0.001) follow-up times, as this 

technique has been increasingly used in the more recent 

years.

Postsurgical visual and pituitary outcome

As outlined in Table 3, when considering population with 

basal preoperative visual defects, eTNS proved to be more 

effective than TC in ameliorating visual function (improved 

64.3% vs. 59.3%, normalized 35.7% vs. 7.4%, P = 0.031). 

Conversely, there was no difference between the two 

approaches in the development of new onset visual deficits. 

The TC approach was associated with a higher incidence of 

new onset diabetes insipidus than the eTNS approach (89.7% 

vs. 62.5%, P = 0.050).

Postsurgical BMI and obesity

In the total study population, the mean postoperative 

BMI at last follow-up was 29.7 ± 6.0  kg/m2 (median 

29.1 kg/m2, IQR 6.21) with a percentual variation of BMI 

of + 16.6 ± 20.0% with respect to the presurgical value. 

Overt obesity (BMI > 30 kg/m2) affected 26/59 (44.1%) of 

patients. Considering the two surgical cohorts, mean last 

follow-up BMI was 29.3 ± 5.2  kg/m2 (median 28.7  kg/

m2, IQR 5.86) for the eTNS and 29.9 ± 6.3 kg/m2 (median 

29.4 kg/m2, IQR 6.31) for the TC (t-test on means P = 0.723, 

Wilcoxon test on medians P = 0.861). Paired analysis of 

postoperative and basal BMI on the total population (paired 

t-test P < 0.001, paired Wilcoxon test P < 0.001) as well 

as on eTNS (paired t-test P < 0.001, paired Wilcoxon test 

P = 0.002) and TC groups (paired t-test P < 0.001, paired 

Wilcoxon test P < 0.001) showed significant increase of post-

operative BMI. The percentual postoperative BMI variation 

was + 10.4 ± 11.0% in the eTNS group and + 20.0 ± 22.9% 

in the TC group (P = 0.174). Overt obesity occurred in 

9/20 (45.0%) of eTNS patients and in 17/39 (43.6%) of the 

TC patients (P = 1.00). When considering only new onset 

postoperative obesity in those not preoperatively obese, 

5/15 (33.3%) eTNS patients and 10/31 (32.3%) TC patients 

became obese (P = 1.00). These results indicate an invariable 

increase in BMI after surgery, independent of the approach 

utilized.

We then investigated postoperative body weight evolution 

by two different methods, i.e., considering both the occur-

rence of overt obesity (BMI > 30 kg/m2) and the percen-

tual postoperative BMI variation. When we considered the 

dichotomous category of postoperative obesity by means of 

logistic regression, only tumor volume (OR 1.15, P = 0.041) 

and basal BMI (OR 1.57, P < 0.001) were independent pre-

dictors of postoperative obesity (Table 4).

When addressing the percentual postsurgical BMI change, 

we found a significant correlation with tumor volume, basal 

BMI, and anteroposterior hypothalamic involvement (Table 5). 

The eTNS approach was associated with a trend toward a 

reduced postoperative BMI variation, even though it did not 

reach statistical significance (Fig. 2). We found that tumor 

volume and basal BMI were independently associated with 

the percentual variation of BMI, as proven by multiple linear 

regression in this analysis, too (Table 5). The independence of 

Table 3  Post-surgical outcome 

for visual and pituitary function

Postoperative visual function statistics were calculated on total patients with preoperative visual deficits. 

New-onset visual and pituitary defects were calculated on patients with no previous deficits in the consid-

ered functions. Statistics were calculated on total population for whom appropriate data were available. 

Categorical variables are reported as total numbers (%) and are compared with the Chi-square test or Fisher 

exact test as appropriate. In bold are highlighted significant P-values

DI diabetes insipidus, eTNS extended transsphenoidal, P P-value, TC transcranial

Total eTNS TC P

Improved visus 25/41 (61.0%) 9/14 (64.3%) 16/27 (59.3%) .031

Normalized visus 7/41 (17.1%) 5/14 (35.7%) 2/27 (7.4%)

Unchanged visus 4/41 (9.8%) 0/14 (0.0%) 4/27 (14.8%)

Worsened visus 5/41 (12.2%) 0/14 (0.0%) 5/27 (18.5%)

New onset visus defects 3/16 (18.8%) 2/6 (33.3%) 1/10 (10.0%) .518

New onset hypogonadism 10/18 (55.6%) 6/11 (54.5%) 4/7 (57.1%) 1

New onset

hypothyroidism

24/33 (72.7%) 8/13 (61.5%) 16/20 (80.0%) .425

New onset hypoadrenalism 28/38 (73.7%) 10/16 (62.5%) 18/22 (81.8%) .267

New onset hyperprolactinemia 4/25 (16.0%) 0/10 (0.0%) 4/15 (26.7%) .125

New onset DI 36/45 (80.0%) 10/16 (62.5%) 26/29 (89.7%) .050
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these two variables is clearly reported in Fig. 3a. Remarkably, 

while tumor volume was positively associated with postop-

erative BMI variation (increase of 0.92%, P = 0.005, see also 

Fig. 3b), basal BMI was inversely associated with it (decrease 

of 1.49%, P = 0.001). This implies that patients with higher 

basal BMI have a proportionally lower further weight gain in 

the postsurgical setting, probably because hypothalamic control 

over body weight is already impaired from the outset and can 

hardly be further worsened (Supplementary Fig. 1).

Additional analyses to correlate basal hypogonadism, 

hypothyroidism and hypoadrenalism with baseline BMI 

(respectively P = 0.709, P = 0.240, P = 0.589) and baseline 

obesity (respectively P = 0.716, P = 0.722, P = 1) did not 

show significant correlation. The same was evident when 

considering postoperative hypogonadism, hypothyroidism 

and hypoadrenalism with postoperative BMI (respectively 

P = 0.442, P = 0.523, P = 0.422) and obesity (respectively 

P = 0.436, P = 0.430, P = 0.277).

Complications

Major surgical complications occurred in 5 patients (8.5%). No 

differences were seen between the two surgical groups (10.0% 

in the eTNS group vs. 7.7% in the TC group, P = 1.00). CSF 

leaks affected primarily eTNS patients (P = 0.020): in particu-

lar, minor cases, i.e., those not requiring repeated surgery, were 

recorded both in the eTNS (3/20, 15.0%) and in the TC (1/39, 

2.6%) groups, whereas major CSF leak, requiring reinterven-

tion, occurred in the eTNS group only (2/20, 10.0%). Two 

cases of meningitis associated with CSF fistula (10.0%) and 1 

not associated with CSF leak (5.0%) affected the eTNS cohort, 

while only one meningitis with no fistula (2.6%) was recorded 

in the TC group (P = 0.108).

Recurrence/progression‑free survival analysis

All patients were alive at the end of the study. Recurrence/

progression occurred in 10 cases (17.2%), of whom 4 

(20.0%) were in the eTNS group and 6 (15.8%) in the TC 

group (P = 0.724). Five years progression-free survival (5y-

PFS) in the whole group of patients was 83.3 ± 6.0%. In par-

ticular 5y-PFS was of 59.7 ± 17.3% in the eTNS cohort and 

89.9 ± 5.7% in the TC group. Figure 4 shows the Kaplan–Meier 

curves (Log-rank P = 0.095).

Discussion

Hypothalamic obesity

Hypothalamic obesity occurs when a tumor impinges on the 

infundibulum and injures the median eminence and arcuate 

Table 4  Simple and multiple 

logistic regression model for 

postoperative obesity

Simple and multiple logistic regression odds ratios and P-values for postoperative obesity. Tumor volume 

was retained in multiple regression as it approached significance in univariate analysis. In bold are high-

lighted significant P-values

Ant anterior, AP anteroposterior, eTNS extended transsphenoidal, OR odds ratio, P P-value, TC transcranial

Logistic regression Simple Multiple

OR P OR P

Tumor volume 1.09 .053 1.15 .041

Baseline BMI 1.5  < .001 1.57  < .001

Type of operation eTNS vs TC 1.01 .985

Hypothalamic involvement AP vs ant 1.41 .520

Hypothalamic T2 hyperintensity Yes vs no 0.95 .942

Table 5  Simple and multiple 

linear regression model for 

percentual postoperative BMI 

variation

Only significant univariate regressors were used for multiple regression. In bold are highlighted significant 

P-values

Ant anterior, AP anteroposterior, eTNS extended transsphenoidal, P P-value, TC transcranial

Linear regression Simple Multiple

Coefficient P Coefficient P

Tumor volume  + 1.05 .001  + 0.92 .005

Baseline BMI − 1.52 .003 − 1.49 .001

Type of operation eTNS vs TC − 9.66 .090

Hypothalamic involvement AP vs ant  + 12.72 .018  + 3.76 .482

Hypothalamic T2 hyperintensity Yes vs no  + 8.04 .151
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nucleus; 12–19% of patients affected by craniopharyngioma 

are obese at diagnosis [25], which is in keeping with what 

observed in our study (20.3%).

There are two hypotheses for describing the genesis of 

hypothalamic obesity: either destruction of the hypothalamic 

appetite control center, leading to hyperphagia with resultant 

obesity and hyperinsulinism, or disinhibition of efferent fib-

ers of the vagus nerve, leading to hypersecretion of insulin 

that promotes increased fat deposition and insulin resistance. 

In the latter situation, eating behavior is not different from 

age, sex, and BMI-matched controls. Therefore, obesity is 

probably explained more by a decreased energy expendi-

ture rather than an increased appetite [25]. Patients with 

craniopharyngioma typically have a significant and rapid 

weight gain in the first 6–12 months after surgical resection 

with a prevalence of obesity between 22 and 75% [25, 26]. 

BMI then reaches a plateau, without further increase during 
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long-term follow-up [27]. The consequences of hypotha-

lamic obesity include an increased risk of developing meta-

bolic syndrome, cardiovascular disease, respiratory prob-

lems, psychosocial complications, and excess mortality [28].

The transcranial approach for craniopharyngiomas may 

be responsible for direct hypothalamic damage or injury to 

small perforating arteries [29], with the subsequent major 

threat of hypothalamic syndrome, which almost always 

includes obesity [30–32]. Several studies have reported post-

surgical hypothalamic damage rates ranging from 65 to 80%, 

while increase in body weight or obesity ranged from 39 to 

55% during long-term follow-up [33]. Both hyperphagia and 

hypothalamic obesity have been suggested to occur more fre-

quently when gross total removal of the tumor is attempted, 

especially in children, leading several authors to accept the 

trade-off between a less aggressive tumor removal with a 

decreased likelihood of hypothalamic damage [5, 32, 34].

In this study, we investigated whether the type of sur-

gical approach is associated with the risk of developing 

postoperative obesity, because it is generally held that TC 

surgery is more damaging than the eTNS approach [8, 12, 

21]. Our final multivariate models showed that only tumor 

volume and basal BMI were the main, independent predic-

tors of postoperative weight gain, while the type of surgical 

approach did not have an independent association with the 

development of hypothalamic obesity. Accordingly, Hof-

mann et al. stated that preoperative hypothalamic functional 

disturbance, in the form of presurgical weight gain, is a risk 

factor for hypothalamic obesity; hence it should be con-

sidered a contraindication for aggressive surgery [35, 36]. 

Remarkably, our data confirm that while higher preopera-

tive BMI was associated with increased risk of postoperative 

obesity, it was associated with an inferior BMI variation 

during follow-up. The possible explanation is that hypotha-

lamic dysfunction in the preoperative setting is unlikely to 

reverse after surgical removal of the tumor, but it is also 

unlikely to deteriorate, an observation which is in line with 

other authors [37, 38].

The anatomical basis of hypothalamic obesity probably 

involves the dysfunction of various diencephalic nuclei, 

including the ventromedial hypothalamus, the lateral hypo-

thalamic area, the paraventricular nuclei, and the arcuate 

nucleus. Moreover, the development of hypothalamic obe-

sity is also affected by the interplay between the hypothal-

amus and other critical encephalic structures. In particular, 

the basolateral amygdala, the medial prefrontal cortex, 

and the lateral hypothalamic area form a critical neural 

network in the regulation of eating by learned, motiva-

tional cues [39]. In this context, the amygdala nuclei seed 

a complex network of direct and indirect projections to the 

hypothalamus, with the basolateral amygdala and lateral 

hypothalamic area as the essential components through 

which the learned cues can override satiety and increase 

eating [39]. Additionally, the hypothalamic regulation of 

food intake relies on the reward and motivational neural 

circuitry to modify eating behavior and is influenced by 

the frontal cortex including medial prefrontal cortex and 

nucleus accumbens, that have been implicated in motiva-

tional and emotional processing [39]. Hence, anteroposte-

rior involvement of hypothalamic nuclei might affect this 

circuitry, possibly by eliminating a still unknown brake on 

the lateral hypothalamic “feeding center”.

The importance of hypothalamic invasion was reported 

by Bogusz et al., who showed a significant increase in BMI 

during follow-up in a cohort of patients, independent of 

different extent of hypothalamic involvement; yet, crani-

opharyngiomas with anteroposterior hypothalamic lesions 

presented higher BMI at each time point, when compared 

to patients with only anterior or without hypothalamic 

lesions [27]. Accordingly, other authors proved that nei-

ther preoperative anterior hypothalamic involvement nor 

anterior surgical hypothalamic lesions seemed to predis-

pose for significant early weight gain during the first year 

after craniopharyngioma diagnosis, but specific posterior 

hypothalamic lesions were observed to have a causative 

impact [22, 38, 40]. In our series, anteroposterior hypo-

thalamic involvement was significant only in univariate 

analysis. An imbalance in the hypothalamic involvement 

between our two surgical groups might have introduced 

an important bias in our study. However, even when we 

performed secondary analyses by further splitting the two 

cohorts according to the type of hypothalamic involve-

ment, we did not find significant changes in BMI variation 

or obesity (see Supplementary Table 1). In fact, the dif-

ference in the percentual variation of BMI were identical 

in patients with anterior hypothalamic lesions (+ 9.5% in 

the eTNS group vs. + 10.1% in the TC group; P = 0.892) 

and was slightly but not significantly different in patients 

with anteroposterior hypothalamic tumors (+ 12.3% in the 

eTNS group vs. + 25.2% in the TC group; P = 0.233), even 

though this could suffer from an insufficient number of 

patients in these further subgroups.

Peritumoral hypothalamic edema, as observed on T2/

FLAIR scan has been associated with preoperative hyper-

phagia and higher BMI and, most importantly, with post-

operative obesity [25]. In the present study, T2 hyperinten-

sity in the diencephalic region did not have an independent 

association with postoperative BMI variation or obesity.

Visual and pituitary outcome

Our series shows a better visual outcome in the eTNS cohort 

than in the TC group. This is in accordance with what 

reported by other authors [5, 41]. Anterior pituitary function 

worsened after surgery, regardless of the surgical approach. 

Notably, deficit of thyroid hormones and their suboptimal 
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replacement favors deposition of fat and supraphysiological 

supplementation of cortisol might further induce deposition 

of adipose tissue. Therefore, timely screening and correct 

treatment of endocrinopathies might improve the metabolic 

state, and possibly diminish the degree of obesity [38]. The 

only statistically significant deficit in the anterior pituitary 

hormonal axes between the eTNS and TC groups is the base-

line hypogonadism, while no clear differences were recorded 

in new or worsened hypopituitarism. As for the interplay 

between hormonal deficits and weight control, our results 

showed independence of these occurrences, suggesting that 

anterior pituitary insufficiencies may be another epiphenom-

enon of a common, underlying dysfunction (i.e., hypotha-

lamic derangement) causing both hormonal impairment and 

obesity, without a strong, direct contribution of hormone 

defects on the actual BMI increment and obesity.

Newly postoperative diabetes insipidus was more frequent 

in the TC cohort than in the eTNS group, in keeping with 

what reported in the literature [1, 5]. This may be explained 

by more proximal lesions of axons coming from the supraop-

tic nucleus in the TC rather than in the eTNS approach

Complications

Overall, we found a low occurrence of surgical complica-

tions. In particular, no significant differences in the fre-

quency of complications was evident between the eTNS and 

TC groups, except for a significantly higher incidence of 

CSF leaks in the eTNS group, a trend that was described in 

the eTNS endoscopic cohort by Wannemuehler and collabo-

rators, even if their series was too small to detect a statistical 

significance [41].

Extent of resection and recurrence

MRI-proven surgical radicality was identical in the two sur-

gical techniques, and recurrence of disease very similar, in 

line with what reported by other authors [41]. Van Iersel 

et al. correlated partial resection of the tumor with a higher 

recurrence rate, especially in patients who did not receive 

adjuvant radiotherapy after initial surgery. The role and tim-

ing of radiotherapy, however, is still controversial, taking 

into account the option of an initial wait- and-scan policy 

followed by adjuvant radiotherapy in the case of tumor pro-

gression [38].

Study limitations

Several limitations of our study should be noted. First, the 

availability of preoperative MRI led to select only a subset 

of the total patient population, which was the main limit-

ing factor, rather than a subsequent elimination due to the 

exclusion criteria adopted (see Fig. 1). Still, we believe that 

this subselection has not significantly impaired the results of 

our study. Additionally, the two groups of patients showed 

some imbalances in clinical characteristics, such as gender 

and age. However, we do not expect that such variables 

might impact on the postoperative functional hypothalamic 

outcome.

Baseline anteroposterior hypothalamic involvement was 

more prevalent in the TC cohort than in the eTNS group, 

thus introducing a possible bias in the postoperative evalu-

ation of the BMI variation. However, in the supplemental 

material, we performed a separate analysis by splitting the 

two groups of patients according to the baseline degree of 

hypothalamic involvement and found no difference as com-

pared with the results of the main analysis.

The longer follow-up in the TC group than in the eTNS 

patients should not affect our findings, as it is well docu-

mented in the literature that the development of hypotha-

lamic obesity usually occurs in the first 6–18 months after 

surgery [27], a period that is well covered in both the eTNS 

and TC groups. This disparity is simply explained by the fact 

that the eTNS technique has been increasingly used instead 

of the TC approach in the last few years and consequently 

the follow up is accordingly shorter.

Finally, we only used two simple neuroradiological 

indicators for grading hypothalamic involvement (T2 

hyperintense modifications and distortion of hypothalamic 

structures based on mammillary bodies demarcation), as 

evaluated by a single author. Estimates of tumor volumes 

were carried out by means of software calculations, when-

ever possible.

Conclusions

We found that the eTNS approach was associated with a bet-

ter outcome of visual function and a lower incidence of post-

operative diabetes insipidus. However, the eTNS group had 

an increased risk of postoperative CSF leakage. Multivariate 

analysis showed that only basal BMI and tumor volume were 

significantly associated with the risk of postoperative obe-

sity and percentual BMI variation, suggesting that a larger 

lesion portends a higher risk of developing postoperative 

obesity, independent of the surgical approach and of the type 

of hypothalamic involvement (at least according to gross 

criteria, such as T2 signal and mammillary bodies demar-

cation). Interestingly, basal BMI is independent of lesional 

volume and independently concurs in defining the risk of 

postoperative obesity. The choice of the approach appar-

ently does not influence the obesity risk, notwithstanding 

the abovementioned limitations. However, our study points 

out how eTNS is a valid approach in managing also larger 

tumors with important hypothalamic invasion.
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