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Abstract
Craniopharyngiomas (CP) are rare brain tumors managed 
primarily with surgery and radiotherapy. There are 2 pheno-
types of CP, i.e., one with a rather good outcome without 
hypothalamic damage and another with hypothalamic dam-
age. With hypothalamic damage, progressive disease with 
recurrent operations and additional cranial radiotherapy of-
ten result in hypothalamic obesity, an affected psychosocial 
life, and cognitive dysfunction. The morbidity and mortality 
are increased for particularly cerebrovascular diseases. Pre-
operative hypothalamic involvement to predict hypotha-
lamic damage is important for decision making for hypothal-
amus-sparing surgery. Also a postoperative hypothalamic 
damage evaluation with the use of hypothalamus volume 
measurement can predict hypothalamic obesity, which is 
important for early treatment options. The morbidity of CP 
includes cognitive dysfunction with attention deficits and 
impaired episodic memory and processing speed. Again pa-
tients with hypothalamic damage are more affected. Treat-
ment options of hypothalamic obesity in the chronic phase 

are scarce and not convincingly successful. The most optimal 
situation is to try to hinder or stop the evolution of hypotha-
lamic obesity. Prevention of hypothalamic damage is recom-
mended, with special regard to hypothalamus-sparing ther-
apeutic approaches that respect the integrity of essential 
nuclei located in both the medial and the posterior hypotha-
lamic areas. © 2020 The Author(s)

Published by S. Karger AG, Basel

Background

Etiology and Survival of Craniopharyngiomas
Craniopharyngiomas (CP) are rare brain tumors man-

aged primarily with surgery and radiotherapy [1, 2]. CP 
constitute 1.2–4.6% of all intracranial tumors, accounting 
for 0.5–2.5 new cases per 1 million per year globally [3, 4]. 
Due to their origin from remnants of the craniopharyn-
geal duct epithelium, CP are located either in the sella 
turcica or above the sella turcica (suprasellar). About 50% 
originate at the level of the third ventricle floor, within 
infundibulum and tuber cinereuom, and expand into the 
third ventricle cavity. 

There are 2 histological subtypes of CP, i.e., adamanti-
nomatous (ACP) and papillary CP (PCP), which differ in 
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their genesis and age distribution. ACP are driven by so-
matic mutations in CTNNB1 (encoding β-catenin) that in-
crease β-catenin stability, leading to activation of the WNT 
pathway, and have been proposed to be of embryonic origin 
based on molecular and histological features [5–7]. In the 
childhood and adolescent age groups, the APC histological 
type with cyst formation is the most common [8]. PCP fre-
quently harbor somatic BRAFV600E mutations that result 
in activation of the mitogen-activated protein kinase 
(MAPK) signaling pathway [9, 10]. In contrast to ACP, PCP 
are more frequently noncalcified and “solid.” In a retro-
spective study with surgical data of 500 CP, PCP typically 
presented as solid masses with no or rare calcifications, had 
more “loose” adhesions, and predominantly had a sessile or 
pedicle attachment (63%) in the inner lining of the third 
ventricle compared to ACP, which were associated with the 
widest and strongest adherence [11]. 

The age at presentation of ACP is bimodal and peaks 
at 5–15 years and rarely at 45–60 years, whereas PCP are 
mainly restricted to adults at 45–60 years [3, 4]. In a mixed 
population of childhood and adult onset CP, the overall 

mortality was increased and showed a standardized mor-
tality ratio (SMR) of 5.5–9.28. The cardiovascular mortal-
ity was high (SMR 3.21–3.5) and particularly the cerebro-
vascular mortality was increased (SMR 5.1–19.4), with a 
higher risk in women [12–14]. The low incidence of CP 
and the dissimilarity in presentation, location, and treat-
ment limit our knowledge, expertise, and management 
options. Among patients with ACP tumors the mortality 
was particularly increased in those with hypothalamic in-
volvement, and the 20-year overall survival of patients 
with CP with hypothalamus (HT) involvement versus no 
HT involvement was particularly impaired. Importantly, 
overall survival was not related to degree of resection, sex, 
age at diagnosis, or year of diagnosis [15]. Gross total re-
moval of a CP will reduce the recurrence rate, but it in-
creases the rate of loss of endocrine function to 85% [16]. 
Preservation of the stalk reduces the rate of GTR but in-
creases the tumor progression and the need for radiation. 
However, subtotal resection is the goal as it will reduce 
the risk of hypothalamic damage [16]. After adjustment 
for age in a mixed population of childhood and adult on-

Table 1. HR and 95% CI for death after surgery for CP, with respect to tumor recurrence, radicality at surgery, and radiotherapy, with 
and without age stratification

Cox regression model Without age stratification1 With age stratification1

HR (95% CI) p value HR (95% CI) p value

All patients (n = 60)
Recurrence (time dependent; yes vs. no) 2.7 (1.0–7.3) 0.05 4.4 (1.4–14) 0.01
Radicality at surgery (subtotal vs. total) 2.0 (0.9–4.5) 0.09 1.1 (0.5–2.5) 0.9
Radiotherapy (yes vs. no) 0.5 (0.2–1.2) 0.1 0.3 (0.1–0.8) 0.01

Patients surviving the first 6 months after surgery (n = 50)
Recurrence (time dependent; yes vs. no) 1.6 (0.5–4.7) 0.4 2.2 (0.6–7.6) 0.2
Radicality at surgery (subtotal vs. total) 1.6 (0.6–4.5) 0.4 0.9 (0.3–2.5) 0.8
Radiotherapy (yes vs. no) 1.4 (0.4–4.1) 0.6 0.7 (0.2–2.4) 0.6

Reproduced from Bülow et al. [12] with permission from Oxford University Press. 1 Age <29 or ≥29 years at surgery.

Fig. 1. Delineation of the hypothalamic region in 3-T MRI. Repre-
sentative overview of the delineation principles of the HT in T1-
weighted MRI acquired at 3 T according to Gabery et al. [22]. The 
anatomical landmarks were based on histologically processed 
postmortem hypothalamic tissue derived from patients with Hun-
tington disease [22]. Between 14 and 16 images were used for per 
case analysis. Images were preprocessed with cubic spine interpo-
lation of the original voxel size to 0.5 × 0.5 × 0.5 mm. The images 
were taken from slices 1, 4, 8, 12, and 16 with 2-mm spacing. a, d, 
g, j, m In a rostral-to-caudal direction, the images are representa-
tive 3 T MR images on a coronal plane. b, e, h, k, n Schematic 
overview of the corresponding level modified from Tang-Chris-

tensen et al. [41]. c, f, i, l, o Overlap of the schematic overview on 
the MR image. The light blue lines illustrate how the HT region 
was delineated. Landmarks such as the HT sulcus (represented by 
a white asterisk) and the lateral edge of the optical tract (repre-
sented by a red asterisk) were identified for delineation and a 
straight line between these 2 points was drawn to set the superior/
lateral border of the area in a reproducible fashion. The optical 
tract was excluded in all slides. d, dorsomedial hypothalamic nu-
cleus; F, fornix; i, infundibular nucleus; l, lateral HT; MB, mam-
millary body; OT, optical tract; P, paraventricular nucleus; s, supra 
optic nucleus; v, ventromedial hypothalamic nucleus. Reproduced 
from Gabery et al. [22] with permission from Springer Nature.

(For figure see next page.)
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set CP, a protective effect of radiotherapy and an in-
creased risk of death after recurrence were found (HR = 
4.4; 95% CI 1.4–14), but no obvious effect of radicality at 
surgery was seen [12] (Table 1). 

Although the long-term survival is high, quality of life 
and neuropsychological function are frequently impaired 

due to the close anatomical proximity to the optic chiasm, 
the HT, and the pituitary gland. Indeed, hypothalamic 
involvement and treatment-related hypothalamic lesions 
frequently result in hypothalamic obesity (HO), psycho-
social, and cognitive deficits [17]. 
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Hypothalamic Involvement from CP

Preoperative Hypothalamic Involvement and 
Prediction of Hypothalamic Damage
There are several studies analyzing preoperative hypo-

thalamic involvement from CP; for example, the German 
KRANIOPHARYNGIOM 2000 and 2007 used a classifi-
cation of CP according to their contact or compression of 
different structures of the HT [18]. Preoperative MRI 
were used to identify hypothalamic involvement, and 
there were 3 grades, i.e., 0, no contact with the floor of the 
third ventricle; 1, contact with or compression of the HT 
anterior to the mammillary bodies; and 2, those resulting 
in dislocation, compression, or destruction of the HT, in-
cluding the mammillary bodies or the area dorsal to them 
[18]. Müller et al. [18] suggested that grade 2 is the most 
important predictor of damage to the HT. The question 
is whether grade 1 is really less grave than grade 2 as the 
medial HT is damaged and this area is of the utmost im-
portance for energy expenditure. 

Puget et al. [19] also suggested 3 grades of HT involve-
ment on preoperative MRI, i.e., on sagittal T2 MRI: grade 

0, no HT involvement with third ventricle floor intact and 
CP below the sellar diaphragm; grade 1, compression of 
the HT that can still be identified (from the mammillary 
bodies); and grade 2, unidentifiable HT. This grading can 
be of help in decision making regarding the type of op-
erative approach for a CP with the aim of sparing the HT 
function.

Postoperative Hypothalamic Damage Evaluation and 
Prediction of HO
Based on 2-dimencial MRI scans, Roth et al. [20] in-

vestigated CP children with HO retrospectively (12–30 
months after operation) and suggested that damage to the 
post-HT (dorsomedial nucleus and dorsal hypothalamic 
area) was the best predictor of a postoperative BMI z 
score increase. Additionally, lesions affecting the floor of 
the third ventricle, the mamillary bodies, and the anterior 
and medial HT showed correlations with a BMI z score 
increase [20]. 

Fjalldal et al. [21] used an HT volume measurement 
from Gabery et al. [22]. A T1-weighted MRI was used. 
This a delineation procedure with the same anatomical 
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Fig. 2. a Correlation between leptin (ng/mL) and hypothalamic volume (mm3) among 35 CP patients and 31 
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landmarks used in histologically processed postmortem 
hypothalamic tissue from patients with Huntington dis-
ease. This is a 3-dimensial HT volume measurement 
based on MRI (Fig.  1). We performed this procedure 
postoperatively in 36 ACP CP patients (23 with HT dam-
age) and 32 matched controls. HT volume correlated 
highly negatively with fat mass and leptin among CP pa-
tients (rs = –0.67, p < 0.001, and rs = –0.53, p = 0.001, re-
spectively) and explained 39% of the variation in fat mass 
(Fig. 2a, b). For every 100-mm3 increase in HT volume, 
the fat mass decreased by 2.7 kg (95% CI 1.5–3.9; p < 
0.001) Thus, this volume measurement is highly predic-
tive of HO and can be included in a formal pituitary HT 

MRI and takes an additional 6–8 min to perform. Indeed, 
the interrater variability was very low (< 4%), as was the 
interrater correlation (i.e., 0.947) for this procedure [21]. 

Two Phenotypes of CP with or without Hypothalamic 
Damage
There are 2 phenotypes, i.e., one with a rather good 

outcome without HT damage and another with hypotha-
lamic damage where progressive disease with recurrent 
operations with additional cranial radiotherapy resulting 
in HO, an affected psychosocial life, and cognitive dys-
function [23, 24]. Long-term morbidity is associated with 
tumor-related and/or treatment-related problems. Irre-

Table 2. Anthropometric measurements, cardiovascular risk factors, and serum and plasma hormone levels in 
patients with and without TGTV

Patients with TGTV 
(n = 25; 11 females)

Patients without TGTV 
(n = 17; 9 females)

p value

Anthropometric measurements and body composition (BIA)
Weight, kg 96 (60–149) 80 (53–110) 0.001
BMI 32 (21–41) 25 (19–35) 0.001
Waist circumference, cm 105 (77–131) 89 (72–109) 0.002
WHR 0.94 (0.83–1.05) 0.88 (0.76–0.99) 0.02
Fat mass, kg 40 (9–64) 20 (13–56) 0.003
Fat mass, % 39 (16–51) 30 (19–52) 0.04
Muscle mass, kg 44 (19–59) 25 (21–60) 0.4
Muscle mass, % 35 (12–44) 28 (15–44) 0.8
Fat-free mass, kg 57 (41–86) 51 (40–68) 0.015
Fat-free mass, % 61 (49–84) 70 (48–81) 0.04

Cardiovascular risk factors and serum and plasma hormone levels 
P-leptin, ng/mL 28 (4–215) 16 (3–67) 0.07
Leptin/kg of fat mass (BIA) 0.74 (0.26–4.51) 0.95 (0.16–1.56) >0.3
S-insulin, mIU/L 7 (2–38) 4 (1–8) <0.001
Insulin/kg of fat mass (BIA) 0.21 (0.05–0.59) 0.15 (0.06–0.35) 0.047
P-glucose, mmol/L 4.6 (3.6–11.0) 4.4 (3.7–5,9) >0.3
P-LDL, mmol/L 2.9 (0.5–5.4) 3.2 (2.2–4.7) 0.23
P-HDL, mmol/L 1.2 (0.7–8.5) 1.3 (0.9–2.4) 0.23
ApoB/ApoA-I ratio 0.68 (0.35–1.40) 0.66 (0.37–1.09) >0.3
P-fibrinogen, g/L 3 (2–5) 3 (2–4) >0.3
P-hs-CRP, mg/L 2.8 (0.4–23) 0.4 (0.4–16) 0.07
Systolic blood pressure, mm Hg 115 (102–155) 120 (102–130) >0.3
Diastolic blood pressure, mm Hg 78 (55–88) 72 (60–80) 0.25
P-IGF-I, μg/L 182 (34–526) 196 (94–328) >0.3
P-TSH, mU/L 0.01 (0.0–0.37) 0.02 (0.1–3.2) 0.002
P-free T3, pmol/L 4.8 (2.8–6.2) 4.8 (2.9–3.7) >0.3
P-free T4, pmol/L 20 (16–26) 17 (13–31) 0.010

Reproduced from Holmer et al. [23] with permission from Bio Scientifica. Values are presented as medians 
(range). TGTV, tumor growth into the third ventricle; P, plasma; S, serum; ApoA-I, apolipoprotein A-I; ApoB, 
apolipoprotein B; BIA, bioelectric impedance analysis; HDL-C, high-density lipoprotein cholesterol; hs-CRP, 
high-sensitivity C-reactive protein; IGF-I, insulin-like growth factor-I; LDL-C, low-density lipoprotein cholesterol; 
TSH, thyroid-stimulating hormone; WHR, waist/hip circumference ratio.
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spectively of hypothalamic involvement by the CP, both 
genders show high BMI, fat mass, and leptin, but women 
with CP show the highest risk of lipid derangement [23]; 
this is in accordance with the higher cardiovascular mor-
tality seen in CP females. Patients with hypothalamic in-
volvement had significantly higher weight, BMI, waist 
circumference, fat mass, and lower fat-free mass values 
compared to patients without hypothalamic involvement 
(Table 2). Serum insulin levels and insulin per kilogram 
of fat mass were also significantly increased in patients 
with HT involvement, and 10 out of 11 patients receiving 
treatment for CVD and/or with metabolic syndrome be-
longed to the group with hypothalamic involvement [23]. 

Hypothalamic Damage and Evolution of HO

Background of HO
The main hypothalamic areas involved in energy regu-

lation are the ventromedial HT (VMH), the paraventric-
ular nucleus (PVN), arcuate nucleus (ARC), and the lat-
eral hypothalamic area (LH; Fig. 3). The ARC has 2 sets 
of neurons - one generates the orexigenic agouti-related 
protein (AgRP) and neuropeptide Y (NPY) and the other 
generates the anorexigenic proopiomelanocortin 
(POMC) and cocaine- and amphetamine-related tran-

script (CART) [25]. POMC is a precursor of α-MSH 
(α-melanocyte-stimulating hormone), whose main effect 
on weight regulation is through MC4R (melanocortin-4 
receptor) [26].

The first to find an association between hypothalamic 
tumors and obesity were Babinski [27] and Frohlich [28]; 
it was called “adipogenital syndrome” because patients 
also suffered from a loss of sex drive. In 1940 Hethering-
ton and Ranson [29] called the syndrome “VMH obesity” 
based on the damage to the ventromedial hypothalamic 
nuclei. It is clear that in the initial phase of hypothalamic 
damage there is an enormous immediate urge for food 
and sweets and this is due to damage of the VMH. The 
strongest increase in weight is within the first 6–12 
months [30], with a suggested plateau at 12–30 months 
[20]. The questions remain, however, when the acute 
phase of hunger is reduced or eliminated and whether 
treatment is possible. Roth et al. [20] suggested that a re-
duction of cravings appears after 12–30 months postop-
eratively. However, no strictly performed follow-up on 
this issue has yet been published and assumedly it de-
pends on when the studies were performed. Some have 
recorded reduced or normalized eating after 12 years [15] 
and others around 16 years after the operation [31]. 

In animal studies it has been shown that an increase 
in insulin occurs within minutes or in the first days after 
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VMH lesions in rats and even without the occurrence of 
hyperphagia or obesity [32]. Frohman and Bernardis 
[33] showed that VMH-lesioned weanling rats remained 
normophagic and yet became obese. Further, if the HT is 
damaged the result is an altered autonomic tone with a 
decrease in sympathetic tone and an increase in para-
sympathetic tone, where the latter causes vagus stimula-
tion resulting in an increase in insulin, which causes hy-
perphagia [34, 35]. Additionally, high insulin levels stim-
ulate lipogenesis in the liver and in adipose tissue [32]. In 
the liver the result is an increase in the production of 
triglycerides, which are converted to very low-density li-
poproteins. In the adipose tissue, insulin stimulates tri-
glyceride production and in blood insulin it may also di-
rectly affect hormone-sensitive lipase, which induces the 
conversion of triglycerides to fatty acid + glycerol. In ad-
dition, the decrease in sympathetic tone results in a re-
duction of fat mass lipolysis [35], which further accumu-
lates fat mass. Thus, the background of HO is clearly 
multifactorial.

Neuropeptide Signaling Pathways in HO
Leptin is produced by fat cells and thus serum leptin 

levels are highly correlated to the amount of fat mass ac-
cumulation. However, there is also an increase in leptin/
kilogram of fat mass, which means that there is a leptin 
resistance [31, 36]. Hypothalamic leptin resistance leads 
to the misperception of a hunger state with low leptin lev-
els, which promotes an increase in energy intake that, to-
gether with a reduced energy expenditure [31, 37], will 
increase weight. The end result is a vicious circle of fur-
ther weight gain. 

Studies have identified the VMH nucleus as the “sati-
ety center” while the lateral HT area is termed the “hunger 
center” [38]. Several observations indicate that leptin has 
a more important role than insulin in the CNS control of 
energy homeostasis. For instance, leptin deficiency causes 
severe obesity with hyperphagia in spite of high insulin 
levels [39]. Low leptin and insulin in the brain during 
weight loss increase the activity of the anabolic neural 
pathways that stimulate eating and suppress energy ex-
penditure, and decrease the activity of catabolic pathways 
that cause anorexia and weight loss [39]. 

The hypothesis that the ARC transduces information 
related to signaling by leptin into a neural response is sup-
ported by the anorexic response to local microinjection 
of leptin into this area [40] and the inability of intracere-
broventricular leptin to reduce the food intake after that 
the ARC has been destroyed [41, 42]. The majority of 
both NPY/AgRP and POMC/CART are co-expressed 

with leptin receptors [43, 44] as both types of neurons are 
regulated by leptin, but in an opposing manner. 

Several neuropeptides synthesized in PVN neurons re-
duce the food intake and body weight when administered 
centrally. This includes CRH, which causes anorexia, and 
activation of the sympathetic nervous system, in addition 
to its central role in activation of the hypothalamic-pitu-
itary-adrenal axis. Furthermore, also thyrotropin-releas-
ing hormone (TRH) reduces the food intake [45] and 
stimulates the thyroid axis and oxytocin reduces the food 
intake. Additional factors for maintenance of HO are re-
duced nocturnal melatonin levels [46], which cause day-
time sleepiness, as patients’ neurological defects and vi-
sual failure result in decreased physical activity [31, 47, 
48]. 

Additional Causes to HO
Brain inflammation might also be of importance for 

rapid weight gain, as increased interleukin-6 expression 
is observed in CP cystic fluid and concentrations reach 
levels 50,000-fold higher than in spinal fluid, and there is 
an increase in tumor necrosis factor-α in CP cyst fluid 
[49]. Two inflammatory mechanisms can have an impact; 
the craniotomy per se causes an inflammatory reaction 
[50] and, second, there is an inflammatory response due 
to intake of a high-fat diet. The latter has been recorded 
both in animal studies and in human studies where intake 
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of a high-fat diet has resulted in gliosis development in 
mediobasal HT of obese humans assessed by MRI. Thus, 
neural injury has been recorded in brain areas crucial for 
body weight control [51]. 

Also energy expenditure, i.e., the basal metabolic 
rate (BMR) is very important. In the acute phase of HO 
it is not known, however, whether the BMR is down-
regulated. However, in the chronic phase of HO, the 
energy expenditure is decreased, as shown by indirect 
calorimetry [31, 37]. About 16 years after operation we 
recorded a decrease in energy expenditure, with a lower 
BMR, i.e., by 90 kcal per 24 h, after adjustment for sex 
and weight [31] (Fig. 4). This means that the BMR is 
reduced by about 2,700 kcal/month and so it goes on 
every month. 

Food Intake and Eating Behavior in the Chronic Phase 
of HO
When investigations were conducted with dieticians 

to predict the present food intake, using a semiquantita-
tive questionnaire from the SOS (Swedish Obesity Study) 
[52], CP patients had a significantly higher intake of light 
meals and sweets (mainly males), but they had a signifi-
cantly lower intake of alcohol. Interestingly, no differenc-
es in the intake of fat, proteins, fibers, or carbohydrates 
were recorded [31]. Furthermore, with the use of Three 
Factor Eating Questionnaire [53], the CP patients versus 
normal controls experienced more “cognitive restraint,” 
i.e., they were more often thinking of not eating. How-
ever, they did not have more of a hunger feeling or “dis-
inhibition,” with the latter meaning loss of eating control. 
Interestingly, the sum energy intake was significantly 
lower among patients (1,778 [range 970–3,230] vs. 2,094 
kcal/day [range 1,128–5,449]; p < 0.003) compared to 
normal-weight controls, even after adjustment for age, 
sex, and weight. This is in agreement with a previous 
study in which CP patients’ eating habits were not differ-
ent from those of BMI-matched controls, and they did 
not a higher energy intake compared to BMI-matched 
controls [48]. 

Treatment of HO

Endocrine Hormone Supplementation
Total pituitary deficiencies are present in the majority 

of the patients; at least 3 hormone deficiencies have been 
reported in 50–100% of patients after treatment of CP 
[54]. The prevalence of GH, gonadotropin, ACTH, and 
TSH deficiencies has been reported as 91, 93.5, 92, and 

86%, respectively [54]. The prevalence of diabetes insipi-
dus is 81%. Interestingly, there is no clear difference in 
hormone deficiencies between patients with and without 
hypothalamic involvement by the CP [23]. 

GH, thyroid hormones, and testosterone are impor-
tant for the metabolic system [55]. A loss or reduction of 
these hormones will cause a weight increase and an in-
creased cardiovascular risk. Testosterone treatment in 
men is important for reducing the fat mass and increasing 
the muscle mass and for sexual function and bone min-
eral density [55]. Estrogen in women reduces the cardio-
vascular risk and mortality in premenopausal women 
[55]. High cortisol levels cause a weight increase in CP 
children [56]. Regarding levothyroxine treatment, there 
is no convincing evidence on BMI, but in general free thy-
roxine levels are recommended at the upper normal range 
in patients with central hypothyroidism [55]. GH treat-
ment in children [57] and adults is important for the body 
composition [55], and there seems to be no risk of recur-
rence in CP [58, 59]. An individualized desmopressin in-
take is recommended as an increased intake of liquids 
may favor liquids with sugar [55]. 

Other Treatments for HO 
There is very little data on successful weight loss in 

hypothalamic obese CP cases. There are 2 scenarios in 
the case of HT damage; the first and probably the most 
important is to take immediate action to try to stop the 
initial craving for food directly when it appears after the 
operation. The aim is to counteract the rapid rise in in-
sulin, due to parasympathetic stimulation; to vagotomize 
is hardly possible, but octreotide has been used to lower 
insulin levels in children, with some good results [60]. 
Further, increasing the sympathetic tone is possible with 
the action of dextroamphetamin, which may improve 
impulse control and cravings. Methylfenidate has also 
been used in children to decrease the food intake [61, 62] 
and in a case report of a child with CP [63]. However, the 
indication is weak, possibly due to a lack of studies. The 
mechanism is suggested to increase the rewarding dopa-
mine system and thus reduce the energy intake. The 
long-acting incretin glucagon-like peptide 1 receptor 
(GLP-1R) agonist is an option as it reduces stomach 
emptying and can bind to GLP-1R receptors in the HT, 
increasing satiety [64, 65]. The incretin liraglutide is reg-
istered for the indication of long-term use in general obe-
sity and it has been used in CP with HO with some suc-
cess (weight reduction of 9–22 kg) [66–68]. The second 
scenario is how to deal with the chronic phase of HO, 
which is reached about 12–24 months after treatment. 
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The above mentioned drugs in the acute phase can be 
used, albeit with limited success, and they have not been 
used long-term. It seems clear that a patient with HO 
who tries to remain at a stable weight in the chronic 
phase of HO needs to keep up with daily physical exercise 
to increase their energy expenditure and particularly 
have a continuously lower energy intake compared to a 
person with normal weight. Which scenario for energy 
intake would be best? Not a state of starvation with rapid 
weight loss, because immediately the body will counter-
act to increase the energy intake together with a further 
lowering of the BMR. In addition, also thyroid hormones 
will be lowered among those patients with intact TRH-
TSH axes, which also will counteract the weight loss [69]. 
The most reasonable way would be to slowly reduce the 
weight, but there is lack of data. GLP-1R agonists are 
promising and in favor of the more recent semaglutide 
[70] confounded with fewer side effects and a higher 
sense of satiety, but at present there are no published data 
on CP. 

In addition, there is some experience with bariatric 
surgery in CP with HO. A positive effect on food intake 
has been reported in 3 studies; however, long-term data, 
i.e., more than 24 months, is lacking [71–74]. The weight 
reduction was positive after sleeve gastrectomy and Roux-
en-Y gastric binding but not after a laparoscopic adjust-
able gastric band. One year after bariatric surgery, 2 re-
cent meta-analyses showed a weight increase after both a 
laparoscopic adjustable gastric band and sleeve gastrec-

tomy [74, 75]. Except for Roux-en-Y gastric binding the 
total weight reduction during 2 years was lower com-
pared to the result in normal controls [74, 75]. 

Consequences of Hypothalamic Damage on 
Psychosocial and Cognitive Function

A reduced quality of life and neuropsychological 
problems are prevalent in about 60% of CP cases [24, 76]. 
Quality of life was investigated in a mixed cohort of 
childhood onset and adult onset CP; it was shown to be 
significantly decreased after surgery, and 14% were de-
pendent on others for daily activities [14]. This is in 
agreement with Karavitaki et al. [47], who reported that 
there was a 9% probability of complete dependency for 
basal daily activities at 10 years and 23% of patients were 
unable to work in their previous occupation. Others have 
shown, in a mixed cohort of childhood onset and adult 
onset CP, that an impaired quality of life is especially 
prominent in physical subscales with compromised en-
ergy levels [77]. Hypothalamic damage had a negative 
impact on the self-assessed quality of life among children 
[78]. Dextroamphetamin treatment may improve con-
centration and hyperactivity both in children and adults 
with CP [79, 80]. However, when we investigated a co-
hort of 42 patients (60% hypothalamic damage) surgi-
cally treated for childhood-onset CP, with a mean age of 
28 years, the patients rated their quality of life as posi-

a b

Fig. 5. Graphical renderings of direction-
ally color-coded (red = right-left, green = 
anterior-posterior, and blue = superior-in-
ferior) segmented tractographys of dorsal 
cingulum (a), ventral cingulum (b), fornix 
(c), and uncinate fasciculus (d) superim-
posed on a mid-sagittal FA map in a repre-
sentative subject. Reproduced from Fjall-
dal et al. [81] with permission from Bio Sci-
entifica.
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tively as their matched controls [24] (Table 3). This is, 
however, only the case in childhood onset disease and 
not in adult onset, and it mirrors the subject’s adaptation. 
However, no severely disabled patients were included in 
the mentioned study [24]. 

The morbidity of CP includes cognitive dysfunction 
with attention deficits and impaired episodic memory 
and processing speed [81, 82]. Patients with hypothalam-
ic damage are more affected (Table 4) [24]. Animal stud-
ies have shown connectivity between the hippocampus 
and the HT [83] as well as from the HT directly to the 
frontal cortex [84]. Thus, hypothalamic lesions might in-
directly lead to frontal and medial temporal lobe dysfunc-
tion, causing deficits in memory, attention, and executive 
function [82]. Furthermore, the hippocampus is impor-
tant for encoding and retrieving sequences of events that 
compose particularly the episodic (contemporary) mem-
ory [85]. 

With the use of diffusion tensor imaging (DTI) we 
investigated how impairment in different cognitive do-
mains would correlate to cognitive function and how 
hypothalamic lesions contribute to a worse outcome 
[81, 82]. DTI is a technique that allows noninvasive in 
vivo study of the white matter of the brain by assessing 
the motion of water molecules along and across neural 
axons [86, 87] (Fig. 5). The cingulum is an important 

WM tract with multiple reciprocal connections with the 
hippocampus and well-known importance for episodic 
memory [88, 89]. The uncinate fasciculus is also impor-
tant for episodic memory and connects limbic regions 
in the temporal lobe to the frontal lobe [90]; the fornix 
connects the hippocampus to the prefrontal cortex [91]. 
We recorded significantly microstructural WM altera-
tions in the right uncinate fasciculus (p ≤ 0.01) [81]. 
Further, WM alterations in the left ventral cingulum 
were significantly associated with a worse performance 
in visual episodic memory, explaining approximately 
50% of the variation (Fig. 6a, b). Alterations in the dor-
sal cingulum were associated with a worse performance 
in immediate, delayed recall and recognition, explain-
ing 26–38% of the variation, and for visuospatial ability 
and executive function it explained 19–29% of the vari-
ation. Patients had a smaller hippocampal volume com-
pared to controls, and a smaller hippocampal volume 
was correlated with reduced general knowledge (p = 
0.028). Moreover, microstructural WM alterations in 
the hippocampus were associated with a decline in gen-
eral knowledge and episodic visual memory. Thus, a 
structure-to-function relationship is suggested between 
microstructural WM alterations in the cingulum and in 
the hippocampus with cognitive deficits in childhood 
onset CP [81]. 

35

30

25

20

15

10

5

0.70 0.75
DTI – left ventral cingulum MD

Ep
iso

di
c 

vi
su

al
 m

em
or

y 
(R

ey
 c

om
pl

ex
 fi

gu
re

)

0.80 0.85 0.90 0.95

r = –0.69
p < 0.001

Immediate recall

35

30

25

20

15

10

5

DTI – left ventral cingulum MD
0.70 0.75 0.80 0.85 0.90 0.95

r = –0.72
p < 0.001

Delayed recall

a b

Fig. 6. Episodic visual memory (Rey complex figure test) with immediate recall (a) and delayed recall (b) in as-
sociation with DTI in the left ventral cingulum (MD; mean diffusivity) among 32 CP patients. Reproduced from 
Fjalldal et al. [81] with permission from Bio Scientifica.
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Conclusions

There are 2 phenotypes of CP; one has no HT involve-
ment, resulting in a good outcome regarding quality of 
life and cognitive function and a lower cardiovascular 
risk. The other has HT involvement, resulting in a low 
cognitive function and an increased cerebrovascular risk 
with particularly HO. Immediately after HT damage due 
the tumor and/or its treatment, there is an increase in 
parasympathetic stimulation causing a rapid increase in 
insulin, which directly affects the liver and adipose tissue 
with lipogenesis. In addition, there is a downregulation of 
sympathetic tone, which causes an accumulation of tri-
glycerides. Treatment options for HO in the chronic 
phase are very few and not convincingly successful. The 
most optimal situation is to try to hinder or stop the evo-
lution of HO. Prevention of HO is recommended, with 
special regard to HT-sparing therapeutic approaches that 
respect the integrity of essential nuclei located in both the 
medial and the posterior hypothalamic areas. 
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