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Objective : Craniopharyngiomas (CPs) are associated with hypothalamic damage that causes hypothalamic obesity, however, the
mechanisms underlying CP-related postoperative weight gain remain debatable. This study aimed to elucidate whether the major
determinant of postoperative weight gain in patients with CP is hypothalamic injury or steroid replacement therapy.
Methods : We included 48 adult patients with CP (age ≥18 years) who underwent transsphenoidal surgery between 2010 and
2018 in a single tertiary center, and whose body weight was measured pre- and postoperatively (<120 days after the surgery). We
recruited 144 age- and body mass index-matched patients with non-functioning pituitary adenoma (NFPA) as controls.
Results : Patients with CP experienced greater postoperative weight gain than patients with NFPA (3.0±5.1 vs. 0.1±3.6 kg, p<0.001).
The prevalence of postoperative steroid use was significantly higher in patients with CP than in those with NFPA (89.6% vs. 34.0%,
p<0.001). Steroid replacement therapy and CP were associated with postoperative weight gain after adjusting for covariates
in overall patients (p=0.032 and 0.007, respectively). In subgroup analysis with postoperative steroid users, weight gain was
significantly greater in patients with CP (n=43, 0.96±0.25 kg/month) than in patients with NFPA (n=49, 0.26±0.23 kg/month) even
after adjusting for the daily steroid dose (p=0.048).
Conclusion : Patients with CP experience greater postoperative weight gain than those with NFPA. Hypothalamic damage itself as
well as steroid replacement may contribute to the postoperative weight gain in patients with CP.
Key Words : Craniopharyngioma · Pituitary adenoma · Obesity · Surgery · Steroid.

INTRODUCTION
Craniopharyngioma (CP) is the most commonly noted tumor originating from the suprasellar region9,12). Despite being

a rare and benign disease, CP frequently manifests as aggressive tumor growth with hypothalamic/pituitary involvement.
In adult CP patients, the preferred treatment of choice is a total resection of the tumor by transcranial or transsphenoidal
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surgery2,6). Postoperatively, most CP patients experience pituitary hormone deficiency, which can be appropriately managed with hormone replacement therapy. Moreover, hypothalamic damage induces sleep disturbances, altered temperature
regulation, visual impairment, and thirst sensation22).
A more critical postoperative concern in CP patients is hypothalamic obesity (HO), which is observed in approximately
50% of all patients3,20). HO usually occurs during the first 1
year following surgery, however, it also occurs at diagnosis
(i.e., before surgery) in patients with CP. HO is the leading
cause of severe atherosclerotic cardiovascular disease, type 2
diabetes, and metabolic syndrome, and confers a three- to
five-fold higher mortality risk than that in the general population. Furthermore, HO results in impaired quality of life,
which can be a permanent sequela in these patients5).
The pathogenesis of HO in postoperative CP patients is not
completely understood. In addition, there is controversy regarding the use of the term, “hypothalamic obesity”, to indicate postoperative weight gain in CP patients because it is unclear whether the main determinant of the postoperative
weight gain is hypothalamic damage. HO also occurs in CP
patients who seems not to have apparently damaged hypothalamus after surgical resection. In that case, excessive or
long-term postoperative steroid replacement therapy which is
commonly administered to CP patients may be the main con-

CP subjects ≥18 years old
(n=107; May 2010 to May 2018)

tributor to the postoperative weight gain.
Therefore, we aimed to ascertain whether the main determinant of postoperative weight gain in CP patients is hypothalamic injury or steroid hormone replacement. The primary
objective was to investigate the relationship between postoperative body weight change and steroid replacement therapy in
CP patients. The secondary objective was to compare these
associations with those noted in patients with postoperative
non-functioning pituitary adenoma (NFPA).

MATERIALS AND METHODS
The study was approved by the Institutional Review Board
of Seoul National University Hospital and was conducted according to the Declaration of Helsinki (IRB No. 1710-096895). Informed consent was waived due to the retrospective
nature of the study.

Study population
This retrospective study was conducted at the Seoul National University Hospital. Adult patients (age ≥18 years) with
newly diagnosed with CP or NFPA who had undergone transsphenoidal gross total resection (GTR) between May 2010 and
May 2018 were eligible in the study. Both CP and NFPA were

NFPA subjects ≥18 years old
(n=428; May 2010 to May 2018)

Subjects without
post-op body
weight data within
post-op 120 days
(n=59)

Subjects without
post-op body
weight data within
post-op 120 days
(n=211)

Subjects with post-op body
weight within post-op 120 days
(n=48)

Subjects with post-op body
weight within post-op 120 days
(n=207)

Age, sex, and BMI matching
192 in the final analysis
(CP, n=48 and NFPA, n=144)
Fig. 1. Flow diagram of the study subjects. CP : craniopharyngioma, NFPA : non-functioning pituitary adenoma, post-op : post-operative, BMI : body
mass index.
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diagnosed on the basis of the postoperative pathologic findings. GTR was determined according to total tumor removal
based on the surgeon’s view, and the detection of no residual
tumor on immediate postoperative magnetic resonance imaging (MRI). Through a chart review of the medical records, we
initially identified 107 patients with CP and 428 patients with
NFPA, and then excluded 59 patients with CP and 211 patients
with NFPA with missing data for body weight within 120 days
after the surgery. Furthermore, among NFPA patients, we selected 144 patients whose age, sex, and body mass index (BMI)
were matched to those with CP. Thus, 48 patients with CP and
144 patients with NFPA, who were considered controls, were
included in the final analysis (Fig. 1).
Height and body weight were measured preoperatively, and
BMI was calculated as weight divided by height squared
(kg/m2). The postoperative body weight was measured within
120 days after the surgery, and the duration of follow-up was
determined by the interval between the preoperative and
postoperative body weight measurements. Prevalence of preoperative comorbidities including diabetes mellitus, hypertension, cardiovascular disease (i.e., angina and myocardial infarction), and cerebrovascular disease (i.e., ischemic stroke)
was evaluated. We obtained data on postoperative steroid
hormone replacement from the medical records. To adjust for
differences in the glucocorticoid potency among steroid regimens, we calculated the equivalent steroid dose with hydrocortisone as the standard reference. Furthermore, we reviewed
the preoperative hypothalamic symptoms, including psychosocial problems, hyperphagia, sleep abnormalities, and decreased energy expenditure.

Hormone function assessment
The morning basal hormone and dynamic function tests
were conducted to assess hormone deficiency in all patients,
both preoperatively and at 3 months after surgery. We measured the levels of growth hormone, insulin-like growth factor-I, adrenocorticotropic hormone (ACTH), serum cortisol,
free T4, thyroid-stimulating hormone (TSH), luteinizing hormone (LH), follicle-stimulating hormone (FSH), estradiol or
total testosterone, and serum prolactin by using radioimmunoassay and immunoradiometric assay, in venous blood samples collected between 8 AM and 10 AM. ACTH deficiency
was defined as a peak cortisol level ≤18 µg/dL after a short
Synacthen test, or a low morning cortisol level (<5 µg/dL) with

a low-to-normal ACTH level (10–65 pg/mL). TSH deficiency
was defined as a low free T4 level (<0.70 ng/dL) and a low-tonormal TSH level (reference range, 0.4–4.1 uIU/mL). Gonadotropin deficiency was determined as oligomenorrhea associated with estradiol levels <50 pg/mL and normal or low FSH/
LH levels in premenopausal women, and an FSH level <30
mIU/mL in postmenopausal women. In men, low testosterone
levels (<2.8 ng/mL) and low-to-normal FSH/LH levels were
defined as gonadotropin deficiency. Panhypopituitarism was
defined as complete or partial deficiency in anterior pituitary
hormones and includes adrenal insufficiency, hypothyroidism, hypogonadism, and growth hormone deficiency.

Preoperative Puget classification for CP
MRI of the sellar area was performed for all patients preoperatively. In CP, the grading of the hypothalamic involvement
was classified according to Puget classification16), as follows :
grade 0, no hypothalamic involvement; grade 1, tumor abutting or displacing the hypothalamus; and grade 2, hypothalamic involvement (the hypothalamus is no longer identifiable).

Statistical analysis
Data are expressed as mean±standard deviation for continuous variables and number (%) for categorical variables.
Comparisons between two groups were performed using the
student t-test for numeric variables and the chi-square test for
categorical variables. Comparisons between three groups were
performed using analysis of variance and analysis of covariance after adjusting for confounders. The Bonferroni correction was adopted as a post hoc analysis to account for the multiple testing issues. A p-value <0.05 was considered statistically
significant. All statistical analyses were performed using SPSS
Statistics for Windows (version 25; IBM Corp., Armonk, NY,
USA).

RESULTS
The baseline characteristics of the study subjects are shown
in Table 1. The mean age and the preoperative BMI of overall
patients were 51.3±14.4 years and 25.0±3.6 kg/m2, respectively.
The mean follow-up duration was 91.2 days. CP patients had
higher prevalence of diabetes mellitus than those with NFPA
J Korean Neurosurg Soc 65 (3) : 439-448
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(p=0.045). The tumor volume was higher in patients with
NFPA than in those with CP (11.99±18.55 vs. 6.29±7.80 cm3,
p=0.042). However, the degree of pre- and postoperative hormone deficiency was greater in patients with CP than in those
with NFPA, which indicates a higher prevalence of panhypo-

pituitarism in patients with CP (both p<0.001). In postoperative CP patients, the prevalence of hormone deficiency was
85.4% for growth hormone, 85.4% for gonadotropin, 87.5%
for thyroid hormone, and 87.5% for cortisol. While in postoperative NFPA patients, the prevalence of hormone deficiency

Table 1. Baseline characteristics of subjects with CP and NFPA

Variable
Age (years)
Male

Total (n=192)

CP (n=48)

NFPA (n=144)

p-value

51.3±14.4

48.8±13.0

52.1±14.7

0.169

65 (45.1)

0.182

164.0±8.4

0.675

92 (47.9)

Height (cm)
Preoperative body weight (kg)
2

Preoperative BMI (kg/m )
Preoperative obesity
Postoperative body weight (kg)
2

Postoperative BMI (kg/m )

27 (56.2)

163.8±8.6

163.4±9.3

67.4±12.4

67.3±11.8

67.4±12.6

0.971

25.0±3.6

25.1±3.5

25.0±3.7

0.759

88 (45.8)

22 (45.8)

66 (45.8)

1.000

68.2±12.5

70.2±11.8

67.5±12.8

0.190

25.3±3.6

26.2±3.1

25.0±3.7

0.042

Postoperative obesity

91 (47.4)

30 (62.5)

61 (42.4)

0.016

Body weight change (kg)

0.8±4.2

3.0±5.1

0.1±3.6

0.001

Weight change per month (kg/month)

0.2±1.5

1.0±1.8

0.0±1.3

<0.001

% body weight change

1.1±5.9

4.1±6.8

0.0±5.2

<0.001

Diabetes mellitus

18 (9.4)

8 (16.7)

10 (6.9)

0.045

Hypertension

37 (19.3)

11 (22.9)

26 (18.1)

0.460

Cardiovascular disease

3 (1.6)

0 (0.0)

3 (2.1)

0.313

Cerebrovascular disease

1 (0.5)

1 (2.1)

0 (0.0)

0.082

Follow-up duration (days)

91.2±22.9

90.9±16.6

91.4±24.7

0.896

Postoperative steroid user

92 (47.9)

43 (89.6)

49 (34.0)

<0.001

Daily steroid dose (mg/day)

7.4±8.8

15.0±7.6

4.9±7.7

<0.001

Cumulative steroid dose (mg)

664.4±786.0

1349.9±676.9

435.9±681.5

<0.001

Tumor volume (cm3)

10.58±16.72

6.29±7.80

11.99±18.55

0.042

Number of preoperative hormone deficiency

<0.001

0

44 (22.9)

15 (31.3)

29 (20.1)

1

51 (26.6)

8 (16.7)

43 (29.9)

2

37 (19.3)

5 (10.4)

32 (22.2)

3

25 (13.0)

1 (2.1)

24 (16.7)

4

35 (18.2)

19 (39.6)

16 (11.1)

Number of postoperative hormone deficiency

<0.001

0

28 (14.6)

5 (10.4)

23 (16.0)

1

51 (26.6)

2 (4.2)

49 (34.0)

2

36 (18.8)

0 (0.0)

36 (25.0)

3

20 (10.4)

0 (0.0)

20 (13.9)

4

57 (29.7)

41 (85.4)

16 (11.1)

Values are presented as mean±standard deviation or number (%). CP : craniopharyngioma, NFPA : non-functioning pituitary adenoma, BMI : body
mass index
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was 52.1% for growth hormone, 54.2% for gonadotropin,
25.7% for thyroid hormone, and 23.6% for cortisol. Patients
with CP were more frequently prescribed steroid hormone replacement after surgery than those with NFPA (89.6% vs.
34.0%, p<0.001). There was no significant between-group difference in the postoperative body weight (p=0.190). However,
CP patients experienced greater postoperative weight gain
than NFPA patients (3.0±5.1 vs. 0.1±3.6 kg, p=0.001). Postoperative BMI was also significantly higher in patients with CP
than those with NFPA (p=0.042). Interestingly, the prevalence
of obesity (defined as BMI ≥25 kg/m2 based on the definition
of obesity for Asians23)) was similar between CP and NFPA
patients before surgery (45.8% vs. 45.8%, p=1.000), however,

higher in patients with CP than those with NFPA after surgery (62.5% vs. 42.4%, p=0.016).
We performed subgroup analysis of the patients with postoperative steroid use (Table 2). Patients with CP showed greater postoperative weight gain than those with NFPA (3.0±5.2
vs. 0.9±4.6 kg, p=0.039). Moreover, the weight change per
month and percentage body weight change were significantly
greater in patients with CP than in those with NFPA (p=0.027
and p=0.029, respectively). The cumulative steroid dose was
significantly higher in the CP groups (1506.9±520.1 vs. 1281.1
±527.4 mg, p=0.042), although there was no significant between-group difference in the daily steroid dose (16.7±5.9 mg
in CP and 14.4±5.9 mg in NFPA, p=0.059). Postoperative hor-

Table 2. Comparison of characteristics between subjects with CP and NFPA only in postoperative steroid users

Variable
Age (years)
Male
Height (cm)

Total (n=92)

CP (n=43)

NFPA (n=49)

p-value

51.3±13.4

48.6±13.5

53.6±13.0

0.074

54 (58.7)

25 (58.1)

29 (59.2)

0.919

163.4±9.6

165.5±8.6

0.276

164.6±9.1

Preoperative body weight (kg)

69.2±12.2

67.5±12.2

70.7±12.2

0.218

Preoperative BMI (kg/m )

25.5±3.8

25.2±3.7

25.8±4.0

0.498

Postoperative body weight (kg)

2

71.1±12.1

70.6±12.2

71.6±12.1

0.693

Body weight change (kg)

1.9±5.0

3.0±5.2

0.9±4.6

0.039

Weight change per month (kg/month)

0.6±1.7

1.0±1.8

0.2±1.6

0.027

% body weight change

2.5±6.8

4.2±7.0

1.1±6.3

0.029

Follow-up duration (days)

91.3±19.1

91.1±15.0

91.4±22.2

0.932

Daily steroid dose (mg/day)

15.5±6.0

16.7±5.9

14.4±5.9

0.059

1386.6±533.3

1506.9±520.1

1281.1±527.4

0.042

9.77±9.81

6.72±8.02

12.45±10.52

0.005

Cumulative steroid dose (mg)
Tumor volume (cm3)
Number of preoperative hormone deficiency

0.005

0

16 (17.4)

11 (25.6)

5 (10.2)

1

15 (16.3)

7 (16.3)

8 (16.3)

2

15 (16.3)

5 (11.6)

10 (20.4)

3

14 (15.2)

1 (2.3)

13 (26.5)

4

32 (34.8)

19 (44.2)

13 (26.5)

Number of postoperative hormone deficiency

<0.001

0

4 (4.3)

2 (4.7)

2 (4.1)

1

9 (9.8)

2 (4.7)

7 (14.3)

2

12 (13.0)

0 (0.0)

12 (24.5)

3

14 (15.2)

0 (0.0)

14 (28.6)

4

53 (57.6)

39 (90.7)

14 (28.6)

Values are presented as mean±standard deviation or number (%). CP : craniopharyngioma, NFPA : non-functioning pituitary adenoma, BMI : body
mass index
J Korean Neurosurg Soc 65 (3) : 439-448
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Table 3. Comparison of characteristics of all subjects according to the daily steroid dose

Variable

0 mg (n=100)

5–10 mg (n=27)

≥15 mg (n=65)

p-value for trend*

51.3±15.2

53.4±12.3

50.4±13.9

0.667

38 (38.0)

13 (48.1)

41 (63.1)

0.007†

Age (years)
Male
Height (cm)

163.2±8.2

Preoperative body weight (kg)

162.7±8.1

165.3±9.5

0.229

65.6±12.3

67.5±11.5

69.9±12.5

0.092

Preoperative BMI (kg/m2)

24.5±3.4

25.6±4.6

25.5±3.5

0.180

Postoperative body weight (kg)

65.5±12.4

68.7±11.0

72.1±12.5‡

0.004

‡

0.002
0.002

Body weight change (kg)

-0.1±3.0

1.2±4.6

2.2±5.2

Weight change per month (kg/month)

-0.1±1.1

0.4±1.5

0.7±1.9‡
‡

0.002

% body weight change

-0.3±4.5

1.7±6.8

2.9±6.8

Follow-up duration (days)

91.2±26.1

93.7±17.7

90.3±19.6

0.811

6 (22.2)

37 (56.9)

<0.001†

CP

5 (5.0)

Daily steroid dose (mg/day)

0.0±0.0

Cumulative steroid dose (mg)
Tumor volume (cm3)

9.4±1.6

‡

‡

18.0±5.3
‡

0.0±0.0

893.7±245.2

1591.4±484.6

11.34±21.25

11.53±9.76

9.04±9.82

<0.001
‡

<0.001
0.660
<0.001†

Number of preoperative hormone deficiency
0

28 (28.0)

4 (14.8)

12 (18.5)

1

36 (36.0)

6 (22.2)

9 (13.8)

2

22 (22.0)

7 (25.9)

8 (12.3)

3

11 (11.0)

5 (18.5)

9 (13.8)

4

3 (3.0)

5 (18.5)

27 (41.5)
<0.001†

Number of postoperative hormone deficiency
0

24 (24.0)

2 (7.4)

2 (3.1)

1

42 (42.0)

4 (14.8)

5 (7.7)

2

24 (24.0)

5 (18.5)

7 (10.8)

3

6 (6.0)

4 (14.8)

10 (15.4)

4

4 (4.0)

12 (44.4)

41 (63.1)

10

*

Weight change/month (kg/month)

Weight change/month (kg/month)

Values are presented as mean±standard deviation or number (%). *p-values for these trends were generated by simple linear regression analysis. †pvalues were generated by chi-square test. ‡p<0.05 vs. 0 mg in the post-hoc analysis. BMI : body mass index, CP : craniopharyngioma

5

0

-5

-10

*

5

0

-5

-10
Non-users (n=100)

A

10

Users (n=92)

Steroid replacement therapy

CP (n=48)

B

NFPA (n=144)

Disease type

Fig. 2. Box and whisker plot of weight change per month in all subjects according to the (A) steroid replacement therapy after adjusting for age, sex,
body mass index (BMI), and disease type and (B) disease type after adjusting for age, sex, BMI, and steroid replacement therapy. Data are expressed as
median (range). *p <0.05. CP : craniopharyngioma, NFPA : non-functioning pituitary adenoma.
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5

0

-5

-10

*

5

0

-5

-10
5–10 mg (n=27)

A

10

≥15 mg (n=65)

Daily steroid dose

CP (n=43)

B

NFPA (n=49)

Disease type

Fig. 3. Box and whisker plot of weight change per month only in steroid users according to the (A) daily steroid dose after adjusting for age, sex, body
mass index (BMI), and disease type and (B) disease type after adjusting for age, sex, BMI, and daily steroid dose. Data are expressed as median (range).
*p <0.05. CP : craniopharyngioma, NFPA : non-functioning pituitary adenoma.

mone deficiency was more prevalent in CP patients than in
NFPA patients.
To investigate the dose-dependent relationship between steroid replacement and postoperative weight gain, we stratified
patients into three groups based on the daily hydrocortisone
dose of 0, 5–10, and ≥15 mg. Although preoperative body
weight did not differ between the three groups, postoperative
body weight was significantly higher in the ≥15 mg than in
other two groups (p=0.004). Body weight change, weight
change per month, as well as percentage body weight change
were highest in the ≥15 mg group (all p=0.002). Patients with
CP were more frequently prescribed a higher dose of daily hydrocortisone (p<0.001; Table 3). Hydrocortisone was administered at a high dose only when postoperative infection (i.e.,
meningitis) was developed after surgery, and then at 15 mg/day.
Postoperative infection occurred in 27.1% (13/48) of CP patients and 0.7% (1/144) of NFPA patients.
We analyzed weight change per month after adjusting for
covariates to further investigate the relative effects of steroid
replacement therapy and disease type (CP or NFPA) on postoperative weight gain. In all subjects, weight change per
month was associated with steroid replacement therapy after
adjusting for age, sex, preoperative BMI, and disease type
(p=0.032; Fig. 2A). CP patients showed greater weight change
per month than NFPA patients after adjusting for age, sex,
preoperative BMI, and steroid replacement therapy (p=0.007;
Fig. 2B). Similar analyses were performed in a subgroup with
steroid users. Weight change per month did not differ according to the daily steroid dose after adjusting for covariates

(p=0.925; Fig. 3A). Interestingly, patients with CP showed
greater weight change per month than those with NFPA even
after adjusting for covariates, including daily steroid dose (0.96
±0.25 vs. 0.26±0.23 kg/month, p=0.048; Fig. 3B).
To examine whether the hypothalamic damage affects the
postoperative weight gain in CP patients, we analyzed the
body weight change according to the preoperative Puget classification of the mass and the presence of preoperative hypothalamic symptoms. Preoperative tumor volume, prevalence
of postoperative steroid use, and preoperative hypothalamic
symptoms increased in accordance with the degree of hypothalamic involvement, which was assessed by Puget classification. However, the parameters of body weight change did not
differ according to the degree of hypothalamic involvement
(Supplementary Table 1). Furthermore, the presence of hypothalamic symptoms was not associated with postoperative
body weight change (Supplementary Table 2).

DISCUSSION
The present study demonstrated that patients with CP exhibited greater postoperative weight gain than those with
NFPA within 120 days after surgery. Patients with CP more
frequently received postoperative steroid replacement therapy,
and the daily steroid doses were higher than those in the patients with NFPA. However, regardless of the daily steroid
dose, CP patients experienced greater postoperative weight
gain. These findings suggest that steroid replacement therapy
J Korean Neurosurg Soc 65 (3) : 439-448

445

J Korean Neurosurg Soc 65 | May 2022

obviously affects postoperative weight gain in both CP and
NFPA patients, however, in CP patients, the effect of tumorrelated hypothalamic injury is more robust than steroid replacement therapy in weight gain.
Unlike in simple obesity, postoperative CP patients show
extremely high weight gain that is unrelentingly resistant to
lifestyle modifications15). Remarkable weight gain usually occurs during the first year following surgery17). Because the majority of CP patients receive postoperative steroid replacement
therapy for adrenal insufficiency, we initially investigated
whether an excessive postoperative steroid replacement could
be the main factor for weight gain in those patients. In the
present study, postoperative steroid use was more prevalent
among patients with CP than in those with NFPA, and the
cumulative steroid doses were higher in CP patients. Our data
indicate that steroid replacement is clearly an important factor
for the occurrence of early postoperative weight gain in CP
patients. This is in line with a previous report that dexamethasone replacement had short-term effects on postoperative
weight gain in childhood-onset CP patients14). However, in the
present study, the postoperative weight change was not associated with the daily steroid dose after adjusting for covariates.
Notably, the daily doses of steroids were within the physiologic
range (hydrocortisone 15 mg)7). It is difficult to clearly explain
why steroid replacement therapy has a more robust effect on
body weight in CP patients than NFPA patients. It may be attributed to a certain vulnerability of CP patients to steroid
therapy or higher cumulative steroid doses. Consequently,
long-term accumulation of these effects over time may lead to
HO in CP patients.
We observed that the prevalence of panhypopituitarism in
CP patients increased from 39.6% to 85.4% after surgery indicating pituitary stalk injury. The reason why other hormonal
axis damages were common in CP patients is that most CP patients were of the retrochiasmatic type. Since long-term deficits
of other pituitary hormones could affect the weight change, we
defined the time point for evaluating the postoperative weight
change as 3 months postoperatively. In the present study, immediate hormone replacement started when thyroid hormone
deficiency was confirmed. Whereas, sex hormone and growth
hormone replacements started 3 months after surgery. Therefore, the effect of pituitary hormone deficiency and replacement other than cortisol on body weight appears to be modest.
The hypothalamic injury induced by the tumor itself, sur446
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gery, and/or irradiation is indeed associated with HO. In the
present study, we demonstrated that CP patients experienced
significantly higher weight change per month than NFPA patients even after adjusting for the daily steroid dose. These
findings suggest that hypothalamic damage is definitely a
contributory factor for postoperative weight gain in CP patients. It is not clear whether the hypothalamus injury due to
surgery or the hypothalamic injury due to the mass itself will
have a stronger effect on the development of HO in CP patients. With respect to surgical procedure, we never performed
the blunt dissection including curettage or two-suction technique to dissect the tumor from hypothalamus, but the microsurgical dissection with microdissectors for the GTR. The
dissection was always started at the pituitary stalk of infundibulum after dissection and protection of superior hypophyseal artery and then continued along the tumor capsule with
the meticulous attentions to prevent the premature rupture of
tumor capsule. At the severe adhesive point, we dissected
firstly the surrounding less adhesive tumor from hypothalamus and then finally dissected the most adhesive points. The
details of our surgical techniques was described in our previous report4). GTR was achieved in all patients. In the immediate postoperative MR taken within 24 hours showed the no
further defect of hypothalamus tissue or stroke and postoperative Puget grade was deteriorated in none compared with
preoperative Puget grade. In contrast, three patients with preoperative Puget grade 2 were classified to grade 0 after surgery.
In addition, none experienced stroke within post-operative
120 days.
Regardless of the underlying cause, HO is closely related to
hypothalamic dysfunctions that control energy metabolism
homeostasis and appetite10). HO patients present with hyperphagia that results in excessive calorie intake19). Reduced energy expenditure is another major cause of HO, and these patients show significantly decreased physical activity and basal
metabolic rate1,8). Moreover, the hypothalamic involvement by
CP is related to decreased melatonin secretion, which leads to
disturbances of the circadian rhythm and daytime sleepiness,
that possibly leads to HO13).
Based on the hypothalamic nuclei that are affected, the
pathophysiologic mechanisms and clinical manifestations that
contribute to HO differ among patients. Theoretically, the
ventromedial hypothalamus has been considered the most
critical region in the development of HO19). The ventromedial
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hypothalamus comprises the arcuate nucleus (ARC) and paraventricular nucleus. The ARC plays a major role in appetite regulation : the proopiomelanocortin neurons decrease appetite by
contributing to a feeling of satiety, whereas agouti-related protein and neuropeptide Y contribute to increased appetite11). Recently, the posterior hypothalamic nuclei, such as the dorsomedial nucleus (DMN), dorsal hypothalamic area nucleus, and
ventromedial nucleus, have emerged as important factors in the
pathogenesis of HO. These are key regulators of thermoregulation and locomotion that function by mediating leptin-induced
energy expenditure and sympathetic activation21). However, we
observed no significant associations between postoperative
weight gain and the degree of hypothalamic symptoms. Another study that used a novel hypothalamic lesion-scoring system showed that HO patients more frequently had an anterior
and medial hypothalamic disruption. However, the most robust weight gain was observed in patients with lesions that affected the posterior hypothalamus, containing the DMN, and
the dorsal hypothalamic area nucleus18). Thus, to better understand the effects of hypothalamic damage on postoperative
weight gain and obesity, a meticulous approach is needed for
the specific hypothalamic region.
There are several limitations to be addressed for the study
findings. First, we determined the degree of hypothalamic involvement by the Puget classification based on sella MRI findings. This classification provides a precise description of preand postoperative course in childhood-onset CP patients
underwent surgical resection leading to treatment strategy.
However, this approach is incapable of accurately representing
the changes in the hypothalamic volume or specifying the regional damage to the hypothalamus, particularly the extent of
damage to sites that are crucial for the regulation of energy
metabolism. Second, we collected postoperative weight data
that were measured within 120 days after the surgery, which is
a short interval to represent a long-term sequela of HO. Moreover, we could not evaluate the postoperative changes in cardiometabolic parameters and related diseases, such as type 2
diabetes mellitus and cardiovascular disease, due to the retrospective design. Furthermore, we were unable to evaluate the
postoperative eating behaviors and water balance. Thus, it is
uncertain whether the weight gain was attributable to hyperphagia or low resting energy expenditure.

CONCLUSION
Taken together, postsurgical CP patients experience greater
weight gain than those with NFPA during the first 120 days
after surgery. Postoperative steroid replacement therapy plays
a role in the weight gain of CP patients. Our findings suggest
that hypothalamic damage itself as well as steroid replacement
therapy seem to contribute to the postoperative weight gain in
CP patients. However, there were no observable significant associations between postoperative weight gain and hypothalamic damage based on subjective symptoms and MRI.
Therefore, further studies are needed to establish a direct link
between hypothalamic damage and weight gain in CP patients.
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