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Objectives: Craniopharyngiomas are rare low-grade tumors located in the hypothalamic or/and the
pituitary region. Hypothalamic involvement and treatment resulting in hypothalamic damage are
known to lead to development of “hypothalamic” obesity (HyOb) in 50% of cases. The manage-
ment of HyOb, associated with eating disorders and rapid comorbidities, is an important issue.
Bariatric surgery is the most effective therapy for weight loss in patients with severe exogenous
obesity. The aim of this systematic review and meta-analysis was to determine the 12 month
outcome of bariatric surgery for HyOb due to craniopharyngioma treatment.

Methods and Results: Relevant studies were identified by searches of the MEDLINE and EMBASE
databases until January 2013. A total of 21 cases were included: 6 with adjustable gastric banding,
8 with sleeve gastrectomy, 6 with Roux en Y gastric bypass, and 1 with biliopancreatic diversion.
After data pooling, mean weight difference was -20.9 kg after 6 months [95% CI: - 35.4, -6.3] and
-15.1 kg after 12 months [95% CI: -31.7, �1.4]. The maximal mean weight loss was achieved by the
gastric bypass group: -31.0 kg [95% CI: -77.5, �15.5] and -33.7 kg [95% CI: -80.7, �13.3] after 6 and
12 months, respectively.

Conclusions: In this largest ever published study on the effect of bariatric surgery on obesity
following craniopharyngioma treatment, we observed an important weight loss after one year of
follow-up. Larger studies are warranted to establish appropriate selection criteria and the best
surgical technique to perform bariatric surgery.
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Craniopharyngiomas are benign slow growing tumors
that are located within the sellar and parasellar re-

gion of the central nervous system (CNS). There are two
histological types: the adamantinomatous tumors, mostly
seen in children, which arises from epithelial remnants of
the Rathke’s pouch; and the squamous papillary form seen
in adults. The incidence rate ranges from 0.5 to 2/ 1.000
000 subjects/y, with a peak between 5 and 14 y old, al-
though craniopharyngiomas can occur at any age (1).

Tumor resection, with or without radiotherapy, repre-
sents the therapeutic standard of care. Following treat-
ment, obesity and eating disorders are observed in 40%–
50% of patients (2, 3, 4). Weight gain is also observed at
diagnosis before treatment in some patients. Risk factors
for the development of obesity after treatment of cranio-
pharyngioma include younger age at diagnosis, presence
of endocrinopathy whatever type, initial symptoms of in-
tracranial hypertension, greater body mass index (BMI) at
diagnosis, familial predisposition for obesity and hypo-
thalamic involvement. In addition, pterional surgery, mul-
tiple surgery and hypothalamic irradiation with doses
greater than 51 Gy have been associated with the devel-
opment of obesity (3, 5, 6, 7).

The cause of weight gain in this setting is incompletely
understood, but is believed to be due to “endogenous”
mechanisms, rather than the more common form of “ex-
ogenous” obesity that is not related to acquired disruption
of internal energy balance mechanisms. Briefly, the most
common hypotheses include damage of satiety centers
within the hypothalamus, hypersecretion of insulin in-
duced by vagal disinhibition, hormonal deficiencies, and
also interruption of catabolic pathways in the hypothal-
amus leading to decreased physical activity related energy
expenditure (8). All these mechanisms are plausible, based
on the location or treatment of the tumor. Several medical
treatment options have been explored in patients with
“hypothalamic” obesity (HyOb), such as the use of ad-
renergics to enhance and mimic sympathetic activity (9,
10, 11, 12), or lowering of insulin secretion with hypo-
glycemic agents such as octreotide or diazoxide (13, 14).
The degree of weight control achieved by these pharma-
cotherapies or with lifestyle modification is typically mod-
est and often transient (15, 16, 17). In adults with exog-
enous obesity, bariatric surgery has proven to be the most
effective therapy for severe obesity in terms of weight loss,
reduction in morbidity and mortality and improvement of
quality of life (QOL) (15, 18, 19). Far less is known about
the outcome of bariatric surgery in those with eating dis-

orders and deficient modulation of satiety characteristic of
HyOb.

Several case reports were published in the literature
describing the use of bariatric surgery for HyOb (20);
however aggregated larger numbers are needed to better
understand the real potential of such treatment in patients
with craniopharyngioma. We therefore conducted a sys-
tematic review and meta-analysis of individual data on the
impact of bariatric surgery on weight loss for HyOb in
patients with craniopharyngioma.

Materials and Methods

Data sources and searches
We performed a systematic review of available literature ac-

cording to the MOOSE guidelines (21) to investigate the impact
of bariatric surgery on weight loss in individuals with neurosur-
gically-treated craniopharyngioma. Relevant articles published
in English until January 2013 were identified from MEDLINE
and EMBASE using combined text and MeSH heading search
strategies (Webtable 1). References listed in articles of interest
were then scrutinized and experts in the field were contacted to
identify additional relevant cases studies.

Study selection
Studies were included if they had provided quantitative esti-

mates (including variability) of weight at 6 and/or 12 mo after
bariatric surgery. In the case of duplicates, we included the most
recent publication. Studies that were not published as full re-
ports, such as conference abstracts or letters to editors, were
excluded.

Titles of all articles retrieved from database searches were
screened for relevance based on whether the study investigated
anthropometric outcomes following bariatric surgery. The ab-
stracts of articles scored as relevant were examined and full man-
uscripts for all eligible studies were retrieved. References from
these studies and previous reviews were also examined for any
other relevant articles. The literature search was conducted by
two authors (M.B. and S.C.); scoring of relevance was
concordant.

Data extraction and quality assessment
Due to the heterogeneity of follow-up periods, uniformity of

data collection for this study required contact of corresponding
authors for studies eligible for meta-analysis. Contact was made
by electronic mail and authors were invited to participate in this
study and asked to complete a standardized data extraction form
characterizing their cases, including craniopharyngioma and
bariatric surgery characteristics, and anthropometric features
before and after bariatric surgery.
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Data synthesis and analysis
We compared the percent change in weight between baseline

and 6 and 12 mo after surgery across bariatric procedure types.
Moreover, changes in weight were also plotted for individual
cases. Data were pooled to compare evolution in weight across
bariatric surgery procedures (laparoscopic adjustable gastric
banding [LAGB], Roux en Y gastric bypass [RYGB], sleeve gas-
trectomy [SG], and biliopancreatic diversion [BPD]) using mean
differences (MD) at 6 and 12 mo with weight at the time of
bariatric surgery as the reference. The inverse variance method
with random effects was used (22). The percentage of variability
across studies attributable to heterogeneity rather than chance
was estimated using the I2 statistic (23). All analyses were per-
formed using R (R, version 2.12.1, the R Core Development
team, 2010) and Review Manager (RevMan, version 5.0, The
Cochrane Collaboration, 2008).

Results

Study selection
The search strategy identified a total of 32 studies (Fig-

ure 1). Twenty studies were excluded: 8 duplicates, 4 be-
cause of irrelevant titles and 8 after reading the abstracts.
Three articles reported data from the same cohort and
were also excluded. One more article was excluded be-
cause of the lack of anthropometric data. Eight articles

were finally selected and a standard-
ized questionnaire was sent to each
author in order to collect individual
data pertaining to each case de-
scribed in the studies that had been
identified (12, 24, 25, 26, 27, 28, 29,
30). All contacted authors contrib-
uted to the meta-analysis. One au-
thor (H. L. Müller) completed the
standardized adding data of one un-
published case. We also contributed
to the meta-analysis by adding un-
published data from 3 patients fol-
lowed-up in the “Collaborative Par-
is-Centre Obesity Clinic” (Pitié-
Salpêtrière Hospital: C. Poitou and
JM. Oppert). In total, data from 4
additional unpublished cases were
included in this report.

Study characteristics
Systematic review led to the iden-

tification of case reports or case se-
ries only. Cases were from Germany
(24, 26, 29), Canada (25), USA (12,
27), France (28), and Switzerland
(30). Among these 8 studies, we iden-
tified 17 cases. Adding the 4 unpub-
lished cases, we included a total of

21. These cases were characterized by the following pro-
cedure types: 6 cases were treated with LAGB, 8 with SG,
6 with RYGB and 1 with BPD.

Phenotype before craniopharyngioma and before
bariatric surgery

Mean age at the time of craniopharyngioma surgery
was 16 y and mean BMI was 23.5 kg/m2. Before bariatric
surgery, mean age was 24 y and mean BMI was 49.6 kg/
m2. The mean BMI prior to bariatric surgery was 55.2
kg/m2 for the RYGB group, 48.9 kg/m2 for the SG group
and 45.6 kg/m2 for the LAGB group. Note there was only
one case for BPD. Before bariatric surgery, 6 among 17
patients with data were known to be diabetic (antidiabetic
drug use and/or fasting blood glucose � 7 mmol/) and only
one patient among 18 was treated for hypertension. (Table
1)

Absolute weight loss (kg) at 6 and 12 mo after
bariatric surgery

Compared to baseline, mean weight change at 6 mo was
–20.9 kg [95% CI: –35.4, –6.3] and at 12 mo was –15.1
kg [-31.7, �1.4]. Mean weight loss was greater in the

Figure 1. Flow-chart identifying eligible studies
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RYGB group: –31.0 [-77.5, �15.5] kg at 6 mo and –33.7
[-80.7, �13.3] kg at 12 mo. In the SG group, values were:
–28.3 [-51.3, –5.3] kg at 6 mo and –25.9 kg [-59.7, �7.9]
kg at 12 mo. Finally, in the LAGB group weight loss was:
–12.9 [-33.5, �7.7] kg at 6 mo and –7.5 [-28.2, 13.2] kg
at 12 mo (Figure 3).

Relative weight loss (%) at 6 and 12 mo after
bariatric surgery

Relative weight change was maximal at 6 mo for the
LABG and SG groups, whereas it was maximal at 12 mo
for the RYGB group and for the only case of BPD. After 6
mo, weight had decreased by 10.5% in the LAGB group,
by 20.7% in the SG group, by 18.6% in the RYGB group,
and by 11.3% for the BPD patient. After 12 mo, net weight
loss from baseline was 6.1% in the LAGB group, 19.6%
in the SG group, 20.2% in the RYGB group, and 24.8%
for the BPD patient.

At one year, among 18 cases with follow-up data, 6 had
lost more than 20% of their initial weight; all had under-
gone either RYGB (n � 3), SG (n � 2) or BPD (n � 1). All
patients who had lost less than 5% of their initial weight
had undergone LAGB except one RYGB case.

Follow-up data for more than one year after bariatric
surgery were available for only 15 individuals, at different
time points. Each patient’s data is presented in the Webt-
able 2.

Diabetic status after bariatric surgery
The percentage of diabetic patients had decreased from

31.6% to 7.1% at 6 mo and to 8.3% at 12 mo (Webtable
3).

Discussion

This study is the first systematic review with meta-analy-
sis, including the largest number of cases with craniophar-
yngioma who underwent a bariatric surgery, with pro-
spective follow-up at 6 and 12 mo. In addition to the
literature search, we were able to include data from 4 un-
published patients which represents almost 25% cases in
this review. This reflects the difficulties to reach reliable
data quality in orphan diseases in general, but, vice versa,
also demonstrates the urgent need for systematic investi-
gations to improve treatment strategies in this condition.
Our meta-analysis suggests that the expected level of
weight loss was significant at 6 and at 12 mo. RYGB was
the most effective weight loss strategy, followed by the SG
and LAGB; weight rebound at 12 mo was seen for patients
treated by SG and LAGB.

Bariatric surgery leads to weight loss by mechanisms
that are still poorly understood, and which likely vary by
procedure. Proposed mechanisms by which procedures in-
duce weight change include alteration of physiologic

Table 1. Population characteristics

Patient
Bariatric

procedure Gender

Craniopharyngioma
surgery
Age, y

Diabetic
status at
bariatric
surgery

BMI,
kg/m2

Hypertension
at bariatric

surgery

Age at
bariatric
surgery

BMI before surgery and during
follow-up, kg/m2

Before
6

months
12

months

1 LAGB F 9 - 0 0 17 44.8 42.7 43.3
2 LAGB F 2 17.3 0 0 14 45.3 39.2 44.8
3 LAGB M 13 27.4 0 0 17 43.8 44.6
4 LAGB F 12 26.9 0 0 21 52.1 45.1 42.5
5 LAGB F 44 30 1 0 54 47.1 42.1 42.8
6 LAGB F 20 21.6 1 0 24 40.2 36.2
7 RYGB F 6 17.1 0 0 12.7 65.1 52.6 56
8 RYGB M 8 - 1 0 29 48.5 35.1 31.3
9 RYGB M 15 25 0 0 18.5 67 55.1 56.7
10 RYGB F 16.5 21 25 51.6 37.6 39
11 RYGB F 10 - 0 0 16 61.6 47.1 41.5
12 RYGB F 29 23 1 0 30.5 37.5 38.8 38
13 SG F 7 22 0 0 12 55 48.7
14 SG M 12 27 0 0 24 51 41.5 39.5
15 SG M 39 31.5 1 0 43 37.6 33.6 31.7
16 SG F 15 18.7 1 0 20 55.9 40.9 46.7
17 SG F 7 22 12 57.9 47 49
18 SG F 27 26 0 0 42 35.5 24.9 21.8
19 SG F 5 18 0 0 20 55.4 39.8 50.5
20 SG M 30 28.9 0 1 45 43.6 35.9
21 BPD M 4 19.4 0 0 15 45 40.4 34

LAGB: Laparoscopic adjustable gastric banding. RYGB: Roux en Y gastric bypass. SG: Sleeve gastrectomy. BPD: Biliopancreatic diversion.
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mechanisms of afferent signaling of satiety and appetite
(RYGP, SG, and BPD), mechanical restriction/obstruction
(LAGB), and intestinal malabsorption (BPD, RYGB). In
exogenous obesity, weight loss is excellent, greater after
RYGB than with most other commonly used procedures
(15). Our study confirms this for HyOb due to cranio-
pharyngioma. Gastrointestinal hormonal changes that are
seen following RYGB, SG and BPD (e.g., increase of
GLP-1 or PYY levels and a decrease in orexigenic hor-
mones such as ghrelin), may in part be responsible for the
difference in weight loss efficacy as compared to purely
restrictive procedures (31, 32). Several investigations in-
dicated that one of the major risk factors for obesity after
childhood craniopharyngioma treatment is hypothalamic
tumor involvement (5, 33). In our meta-analysis the sig-
nificantly greater weight loss observed after RYGB, com-
pared to other procedures, might indicate that CNS targets
for mediators of satiety/appetite affected by RYGB are not
completely disrupted by the craniopharyngioma treat-
ment. In this regard, it is known that receptors for ghrelin,
an orexigenic gut hormone that is believed important for
appetite, are found in various regions including the brain-
stem and midbrain (34, 35) which would not predictably
be damaged by treatment of a tumor located in the sellar
orparasellar region. In recentpublications, theuseof func-
tional MRI has also highlighted the potential role of the
orbitofrontal cortex, the insula and the striatum as targets
for both orexigenic and anorexigenic signals from the pe-
riphery (36). Indeed, combined administration of PYY
and GLP-1 lead to a reduction in MRI signal in theses areas
(37).

Another interesting observation from this examination
of the published literature is that some surgeons during the
course of a bariatric procedure also included truncal va-
gotomy, presumably in an effort to attenuate the vagal
contribution to hyperinsulinemia. In one case treated with
RYGB, the procedure was combined with anterior truncal

vagotomy which may have affected
the outcome (27). The role of vagot-
omy in obesity treatment was first
examined by Kral et al. in 1978
showing important weight loss
among 3 women after vagotomy
without serious side-effects (38).
However, most do not believe that
there is an additional weight loss ef-
fect of vagotomy when combined
with modern bariatric procedures, as
shown with LAGB in a recent trial
(39). Furthermore, there are only
two cases reporting vagotomy in cra-
niopharyngioma patients, both com-
bined with a RYGB (27, 40). These

cases achieved approximately the same percentage of
weight loss compared to patients without additional
vagotomy.

In patients with exogenous obesity, several studies have
shown that weight loss was maximal one year after bari-
atric surgery regardless of the procedure performed (15,
19). Our meta-analysis focused on HyOb following treat-
ment of craniopharyngioma, and found that bariatric pro-
cedures were not as effective for weight reduction as re-
ported for adults with exogenous obesity. In the SOS
study, the mean percentage of weight loss at one year was
37% in the bypass group and approximately 20% in the
banding group (15). Regarding SG, no weight rebound
was noted between 6 and 12 mo in a recent report of 1,000
cases (41).

HyOb after craniopharyngioma treatment mainly af-
fects adolescents and young adults. In our meta-analysis,
8/21 cases were adolescents and 6/21 were younger than
25 y at the time of bariatric surgery. Little is known about
long-term outcomes in adolescents treated with bariatric
surgery as yet only few studies are available (42, 43, 44).
Two years after LAGB, O’Brien et al. have shown a mean
weight loss of 34.6 kg in 25 adolescents which represents
23.8% of variation in weight (45). Holterman and col-
leagues reported that 18 mo after LAGB morbidly obese
(BMI � 50 kg/m2) and superobese (BMI [mteq] 50 kg/m2)
adolescents had an equivalent mean weight loss of 28 kg
and 30 kg respectively (43). Examination of trends in lapa-
roscopic bariatric surgery in adolescent with exogenous
obesity reveals an increased use of SG, in line with a de-
creased use of LAGB while the frequency of RYGB re-
mains stable (46). Unlike the guidelines for bariatric sur-
gery in adults which are well established (47, 48), those for
adolescents are still being debated (49, 50). In 2008, the
Endocrine Society published a Clinical Practice Guideline
on the prevention and treatment of pediatric obesity and

Figure 3. Mean differences in weight at 6 mo and 12 mo after bariatric surgery across surgical
procedures. LAGB: Laparoscopic adjustable gastric banding. RYGB: Roux en Y gastric bypass.
SG: Sleeve gastrectomy.Weight in kilograms. Biliopancreatic diversion was excluded because only
1 patient underwent this bariatric surgical procedure.
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recommended limiting bariatric surgery to adolescents
with a BMI [mteq] 50 or [mteq] 40 kg/m2 with significant
severe comorbidities (51). In 2009, the International Pe-
diatric Endosurgery Group also published guidelines with
the same BMI cut-offs for surgery in adolescents as in
adults: a BMI [mteq] 40 kg/m2 or a BMI [mteq] 35 kg/m2
with comorbid disease (52). Theses two guidelines in-
cluded similar additional criteria such as a Tanner [mteq]
4 development stage, near-final adult height or 95% skel-
etal maturity, a demonstrated commitment to lifestyle
change and a stable psychosocial environment. Authors
also stressed the importance of the surgeon’s experience
and as well as the capability of the patient to fully under-
stand the surgical procedure with its consequences, par-
ticularly in term of nutrition after malabsorptive proce-
dures like RYGB. Theses guidelines also highlighted the
importance of intensive multidisciplinary preoperative
evaluation including a psychological approach, especially
for adolescents.

Appropriate timing of bariatric surgery in adolescents
with HyOb following treatment of craniopharyngioma is
an important issue that needs to be further considered.
Recently, a retrospective analysis indicated that most of
the weight gained was observed in the first year after di-
agnosis or surgery of craniopharyngioma (7). It is increas-
ingly appreciated that the efficacy of RYGB surgery for
weight reduction obeys a “ceiling” of approximately
30%–35% acute weight loss in most cases of exogenous
obesity (53). Thus, if one can predict maximal weight in-
duced by surgery, then shouldn’t this information be con-
sidered in medical decision-making when one is tracking
and documenting massive weight gain following treat-
ments known to disrupt energy balance mechanisms?
Early and safe application of bariatric procedures de-
signed to decelerate or stabilize this well known weight
gain phenotype after hypothalamic surgery could poten-
tially mitigate development of long-term obesity related
health problems in these cases. While some have suggested
that LAGB or SG could be a first therapeutic option before
RYGB later in adulthood (24), there is little evidence upon
which to base a staged bariatric treatment recommenda-
tion at this time.

It is also apparent that those undergoing craniophar-
yngioma surgery need a high level of compliance with
daily treatment for pituitary insufficiency and supplemen-
tation to prevent vitamin deficiencies. The malabsorption
induced by RYGB and even more by BPD poses the di-
lemma of whether appropriate absorption of medications
and hormonal replacement for pituitary deficiencies is to
be expected. However, these concerns about malabsorp-
tion of needed replacement endocrine therapy after RYGB
have not yet been well studied. Schutles et al. have shown

that 18 mo after a RYGB and a weight loss of 50 kg,
hydrocortisone dosing could be reduced to 10–15 mg per
day, desmopressin dosing was reduced by 6-fold and the
growth hormone (GH) dosing was increased by 6-fold
(30). There will likely be some variation in absorption
after surgery according to drug characteristics, bioavail-
ability, routes of administration, doses and surgery types.
It also reveals the lack of knowledge in the field of phar-
macology in bariatric surgery. In a recent systematic re-
view, evidence for diminished drug absorption was found
in 15/22 studies involving jejunoileal bypass, a third of the
studies of RYGB and none for BPD (54).

In HyOb the operative and postoperative risks are more
important. Patients are often morbidly obese with severe
comorbidities and complete pituitary deficiencies. In the
studies included in this review, few authors described the
postoperative outcomes, including reoperation, vitamins
deficiency, and hypoglycemia. Restrictive procedures for
HyOb may be more safe due to the shorter length of time
for anesthetic, procedure and recovery and may pose a
lower risk for vitamin and mineral deficiencies (24, 26).
However, these procedures also seem to be less effective
than RYGB and SG.

The limitations of this study include the nature of the
data (only case reports or series), the lack of standardized
evaluation of the preoperative food craving and hyperpha-
gia, differences in surgery procedures and the small sample
size. Nonetheless, the value of collective analysis of rare
cases cannot be underestimated, as it permits important
comparisons and considerations of knowledge gaps in the
field. In rare diseases it may be very difficult to perform
adequate clinical trials and meta-analysis may help to re-
solve this problem (55, 56). In addition, as the overwhelm-
ing majority of published experience in this area is retro-
spective, it is likely that there is a publication bias in the
literature, which may predictably result in a higher like-
lihood of good outcomes of surgery being published. This
type of bias could be mitigated by the availability of a
registry by which patients could agree to participate in
prospective studies and self-report outcomes of interven-
tions for weight loss. The International Registry for Hy-
pothalamic Obesity Disorders (www.irhod.org) is such a
registry and in the future may be useful for planning of
studies that include larger numbers of subjects than are
possible in any single center currently.

In conclusion, this systematic review and meta-analysis
indicates that bariatric surgery induces important weight
loss at one year, in obese patients following treatment of
craniopharyngioma, even if the impact seems less impor-
tant than for common obese patients. There are no current
guidelines for bariatric surgery in patients with lesional
HyOb. Well designed prospective studies, with appropri-
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ate follow-up, are needed to clarify the role of specific
bariatric procedures in HyOb due to craniopharyngioma.

Acknowledgments

No conflicts of interest to disclose. A Boillot, M. Bretault and S.
Czernichow had full access to all the data in the study and take
responsibility for the integrity of the data and the accuracy of the
data analysis.

Address all correspondence and requests for reprints to: Prof.
Sébastien Czernichow, Unité de Nutrition, Hôpital Ambroise
Paré, 9 avenue Charles de Gaulle, 92100 Boulogne Billancourt.
Phone: �33 1 49 09 55 87; Fax: �33 1 49 09 55 80.

Abbreviated title: Obesity following craniopharyngioma and
bariatric surgery.

This work was supported by.

References

1. Bunin GR, Surawicz TS, Witman PA, Preston-Martin S, Davis F,
Bruner JM. The Descriptive Epidemiology of Craniopharyngioma.
J Neurosurg. 1998;89:547–551.

2. Hermann L, Müller HL. Consequences of Craniopharyngioma Sur-
gery in Children. J Clin Endocrinol Metab. 2011;96:1981–1991.

3. Müller HL, Bueb K, Bartels U, Roth C, Harz K, Graf N, Korinthen-
berg R, Bettendorf M, Kühl J, Gutjahr P, Sörensen N, Calaminus G.
Obesity after Craniopharyngioma: German multicenter study on pre
oprerative risk factors and quality of life. Klin Padiatr. 2001;213:
244–249.

4. Ahmet A, Blaser S, Stephens D, Guger S, Rutkas JT, Hamilton J.
Weight Gain in Craniopharyngioma : a Model for Hypothalamic
Obesity. J Pediatr Endocrinol Metab. 2006;19:121–127.

5. Müller HL, Emser A, Faldum A, Bruhnken G, Etavard-Gorris N,
Gebhardt U, Oeverink R, Kolb R, Sörensen N. Longitudinal study
on Growth and Body mass index before and after diagnosis of child-
hood Craniopharyngioma. J Clin Endocrinol Metab. 2004;89:
3298–3305.

6. Lustig RH, Post SR, Srivannaboon K, Rose SR, Danish RK, Burghen
GA, Xiong X, Wu S, Merchant TE. Risk Factors for the development
of obesity in children surviving brain tumors. J Clin Endocrinol
Metab. 2003;88:611–616.

7. Gautier A, Godbout A, Grosheny C, Tejedor I, Couvert M, Cour-
tillot C, Jublanc C, De Kerdanet M, Poirier JY, Riffaud L, Sainte
Rose C, Van Effentere R, Brassier G, Bonnet F, Touraine P. Markers
of Recurrence and Long-Term Morbidity in Craniopharyngioma: A
Systematic Analysis of 171 Patients. J clin Endocrinol Metab. 2012;
97:2011–2817.

8. Robert H. Lustig. Hypothalamic obesity after Craniopharyngioma:
mechanisms, diagnosis, and treatment. Frontiers in Endocrinology.
2011;2:60.

9. Molloy PT, Berkowitz R, Stallings VA, Krell H, Sutton LN,
Vaughan SN, Loeb N, Phillips PC. Pilot Study of Evaluation and
Treatment of Tumour-related Obesity in Pediatric patients with Hy-
pothalamic/chiasmatic Gliomas and Craniopharyngiomas. Pro-
ceedings of the International Pediatric Oncology Meeting, Rome.
1998;156.

10. Danielsson P, Janson A, Norgren S, Marcus C. Impact Sibutramine
Therapy in Children with Hypothalamic Obesity or Obesity with
aggravating syndromes. J Clin Endocrinol Metab. 2007;92:4101–
4106.

11. Mason PW, Kraviecki N, Meacham LR. The Use of dextroamphet-

amine to treat Obesity and Hyperphagia in Children treated for
craniopharyngioma. Arch Pediatr adolesc Med. 2002;156:887–
892.

12. Page-Wilson G, Sharon L Wardlaw, Alexander G Khandji, Judith
Korner. Hypothalamic Obesity in patients with Craniopharyngi-
oma : treatment approaches and the emerging role of Gastric bypass
surgery. Pituitary. 2012;15:84–92.

13. Lustig RH, Rose SR, Burghen GA, Velasquez-Mieyer P, broome DC,
smith K, Hudson MM, heiderman RL, Kun LE. Hypothalamic Obe-
sity in Children caused by cranial insult: altered glucose and insuline
dynamics, and reversal by a somatostatin agonist. J Pediatr. 1999;
135:162–168.

14. Hamilton JK, Conwell LS, syme C, Ahmet A, Jeffery A, Daneman D.
Hypothalamic Obesity Following Craniopharyngioma surgery: re-
sults of a pilot trial of combined diazoxide and metformin therapy.
Int J Pediatr Endocrinol. 2011;417949.

15. Sjöström L, Lindroos A.K, Peltonen M, Torgerson J, Bouchard C,
Carlsson B, Dahlgren S, Larsson B, Narbro K, Sjöström C.D, Sul-
livan M, Wedel H. Lifestyle, Diabetes, and cardiovascular risk fac-
tors 10 years after Bariatric Surgery. New England J Med. 2004;
351:2683–2693.

16. Lemmens VE, Oenema A, Klepp Kl, henriksen HB, brug J. A sys-
tematic review of the evidence regarding efficacy of obesity preven-
tion interventions among adults. Obes Rev. 2008;9:446–55.

17. Lara M, Amigo H. What kind of intervention has the best results to
reduce the weight in overweighted or obese adults? Arch Latinoam
Nutr. 2011;61:45–54.

18. JL Colquitt, J Picot, E Loveman, AJ Clegg. Surgery for obesity (re-
view). The Cochrane Library. Issue 4. 2009.

19. R Padwal, S Klarenbach, N Wiebe, D Birch, S Karmali, B Manns, M
Hazel, AM Sharma, M Tonelli. Bariatric surgery: a systematic re-
view and network meta-analysis of randomized trials. Obesity re-
views. 2011;12:602–621.

20. Nathan C. Bingham, Susan R. Rose, Thomas H. Inge. Bariatric
surgery in Hypothalamic Obesity. Frontiers in Endocrinology.
2012;3:23.

21. Stroup DF, Berlin JA, Morton SC. Meta-analysis of observational
studies in epidemiology: a proposal for reporting. Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) group. JAMA.
2000;283(15):2008–2012.

22. Hedges LV, Oklin I. Statistical methods for meta-analysis. Orlando.
FL, Academic Press 1985.

23. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring in-
consistency in meta-analyses. BMJ. 2003;327(7414):557–560.

24. Weismann D, Pelka T, Bender G, Jurowich C, Fassnacht M, Thal-
heimer A, Allolio B. 2012 Bariatric surgery for morbid obesity in
craniopharyngioma. Clin Endocrinol. Volume 3, Article 23.

25. Diane Rottembourg, Clodagh S. O’Gorman, Stacey Urbach, Pierre
Y. Garneau, Jacob C. Langer, Guy Van Vliet, Jill Hamilton and
Céline Huot. Outcome after Bariatric Surgery in Two Adolescents
with Hypothalamic Obesity Following Treatment of Craniophar-
yngioma. Journal of pediatric endocrinology and metabolism. 2009;
22, 867–872.

26. H. L. Müller, U Gebhardt, V Wessel, S Schröder, R Kolb, N Sö-
rensen, J Maroske, E Hanisch. First Experiences with Laparoscopic
Adjustable Gastric banding in the Treatment of Patients with child-
hood craniopharyngioma and Morbid Obesity. Klin Pädiatr. 2007;
219:1–3.

27. Thomas Inge, Paul Pfluger, Meg Zeller, Susan R Rose, Lukas Burget,
Sumana Sundarajan, Stephen R Daniels and Matthias H Tschöp.
Gastric bypass surgery for treatment of hypothalamic obesity after
craniopharyngioma therapy. Nat Clin Pract Endocrinol Metab.
2007;219(6):323–5.

28. B Gatta, ML Nunes, C Bailacq-Auder, L Etchechoury, D Collet, A
Tabarin. Is bariatric surgery really inefficient in hypothalamic obe-
sity? Clin Endocrinol. 2012;Doi:10.1111/cen. 12031.

29. G Bender, M Fassnacht, C Jurowich, T Renner, A Thalheimer, B
Allolio. Beneficial Results of Sleeve Gastrectomy in a 12-Year old

doi: 10.1210/jc.2012-4184 jcem.endojournals.org 7



Girl with Massive Hyperphagia after Surgery for Craniopharyngi-
oma. Obesity Surgery. 2011;21:956–1156.

30. Bernd Schutles, Barbara Ernst, Florian Schmid, Martin Thurnheer.
Distal gastric bypass surgery for the treatment of hypothalamic obe-
sity after childhood craniopharyngioma. European Journal of En-
docrinology. 2009;161:201–206.

31. Sarson DL, Scopirano N, Bloom SR. Gut hormone changes after
jejunoileal or biliopancreatic bypass surgery for morbid obesity. Int
J Obes. 1981;5:471–480.

32. Laferre B, Teixera J, Mcginty J, Tran H, Egger JR, Colarusso A,
Kovack B, Bawa B, Koshy N, Lee H, Yapp K, Oivan B. Effect of
weight loss by gastric bypass surgery versus hypocaloric diet on
glucose and incretin levels in patients with type 2 diabetes. J Clin
Endocrinol metab. 2008;93:2479–2485.

33. Matthieu Vinchon, Jacques Weill, Isabelle Delestret, Patrick Dhel-
lemmes. Craniopharyngioma and hypothalamic obesity in children.
Childs Nerv Syst. 2009;25:347–352.

34. Hou Z, Miao Y, Gao L, Pan H, Zhu S. Ghrelin-containing neuron
in cerebral cortex and hypothalamus linked with the DVC of brain-
stem in rat. Regul Pept. 2006;134(2–3):126–31.

35. Abizaid A, Liu ZW, Andrews ZB, Shanabrough M, Borok E, Els-
worth JD, Roth RH, Sleeman MW, Picciotto MR, Tschöp MH, Gao
XB, Horvath TL. Ghrelin modulates the activity and synaptic input
organization of midbrain dopamine neurons while promoting ap-
petite. J Clin Invest. 2006;116(12):3229–39.

36. A De Silva, V Salem, PM Matthews, WS Dhillo. The Use of Func-
tional MRO to Study Appetite Control in the CNS. Experimental
Diabetes Research. article ID 2012;764017.

37. A De Silva, V Salem, CJ Long et al. The gut hormones PYY3–36 and
GLP-17–36 amide reduce food intake and modulate brain activity in
appetite centers in humans. Cell Metabolism. 2011;14(5):700–706.

38. Kral JG. Vagotomy for treatment of severe obesity. Lancet. 1978;
1:307–308.

39. Angrisani L, Cutolo PP, Ciciriello MB, Vitolo G, Persisco F, Lorenzo
M, Scarano P. Laparoscopic adjustable gastric banding with truncal
vagotomy versus laparoscopic adjustable gastric banding alone: re-
sults of a prospective randomized trial. Surg Obes Relat Dis. 2009;
5(4):435–8.

40. K Wiegele, G Prager, M Benesch, A Nebl, H Lackner, M Mokry, E
Suppan, C Urban. Impressive weight reduction following laparo-
scopic gastric bypass surgery in a 16-year old girl with suprasellar
craniopharyngioma and extreme hypothalamic obesity. Neuro-On-
cology. 2010;12:6.

41. C Boza, J Salinas, N Salgado, G Pérez, A Raddatz, R Funke, F
Pimentel, L Ibanez. Laparoscopic Sleeve Gastrectomy as a Stan-
Alone Procedure for Morbid Obesity: Report of 1,000 Cases and
3-Year Follow-up. Obes Surg. 2012;22:866–871.

42. AL Holterman, M Holterman, A Browne, S Henriques, G Guzman,
G Fantuzzi. Patterns of surgical weight loss and resolution of met-

abolic abnormalities in superobese bariatric adolescents. J Pediatr
Surg. 2012;47:1633–1639.

43. Nadler EP, Youn HA, Ginsburg HB, Ren CJ, Fielding GA. Short-
term results in 53 obese pediatric patients treated with laparoscopic
adjustable gastric banding. J Pediatr Sur. 2007;42:137–142.

44. EP Nadler, LC Barefoot, FG Qureshi. Early results after laparo-
scopic sleeve gastrectomy in adolescents with morbid obesity. Sur-
gery. 2012;152(2):212–217.

45. PE O’Brien, SM sawyer, C Laurie, WA Brown, S Skinner, F Veit, E
Paul, PR Burton, M McGrice, M Anderson, JB Dixon. Laparoscopic
Adjustable Gastric Banding in Severely Obeses Adolescents. JAMA.
2010;Vol303, No6:519–526.

46. Pradeep Pallati, Shelby Buettner, Anton Simorov, Avishai Meyer,
Abhijit Shaligram, Dmitry Oleynikov. Trends in adolescent bariatric
surgery evaluated by UHC database collection. Surg Endosc. 2012;
10.1007/s00464–012-2318–0.

47. Jeffrey I mechanick, Robert F Kushner, Harvey J Sugerman, J Mi-
chael Gonzalez-Campoy, Maria L Collazo-Clavell, Adam F Spitz,
Caroline M Apovian, Edward H Livingston, Robert Brolin, David
B Sarwer, Wendy A Anderson, John Dixon. American Association
of Clinical Endocrinologists, the Obesity Society, and American So-
ciety for Metabolic and Bariatric Surgery: medical Guidelines for
clinical practice for the perioperative nutritional, metabolic, and
nonsurgical support of the bariatric surgery patient. Obesity. 2009;
17:S1–S70.

48. Consensus Development Conference Panel. NIH conference: gas-
trointestinal surgery for severe obesity. Ann Intern Med. 1991;115:
956–961.

49. Ibele AR, Mattar SG. Adolescent bariatric surgery. Surg Clin North
Am. 2011;91:1339–1351.

50. Al Qahtani A. Pediatric bariatric surgery: Were do we stand? Inter-
national Journal of Pediatric Obesity. 2009;4(3):13–14.

51. August GP, Caprio S, Fennoy I, Freemark M, Kaufman FR, Lustig
RH, Silverstein JH, Speiser PW, Styne DM, Montori VM. Prevention
and treatment of pediatric obesity: an endocrine society clinical
practice guideline based on expert opinion. J Clin Endocrinol
Metab. 2008;93(12):4576–99.

52. Guidelines for surgical treatment of extremely obese adolescents.
2009 J Laparoendosc Adv Surg Tech A.

53. Inge TH, Jenkins TM, Zeller M, Dolan L, Daniels SR, Garcia VF,
Brandt ML, Bean J, Gamm K, Xanthakos SA. Baseline BMI is a
strong predictor of nadir BMI after adolescent gastric bypass. J Pe-
diatr. 2010;156(1):103–108.

54. Padwal R, Brocks D, Sharma AM. A systematic review of drug
absorption following bariatric surgery and its theoretical implica-
tions. Obes Rev. 2010;11(1):41–50.

55. Day S. Evidence-based medicine and rare diseases. Adv Exp Med
Biol. 2010;686:41–53.

56. Carey JC. The importance of case reports in advancing scientific
knowledge of rare diseases. Adv Exp Med Biol. 2010;686:77–86.

8 Craniopharyngioma and bariatric surgery J Clin Endocrinol Metab



Supplemental Files:  

 

Table 1. Research strategies in MEDLINE and EMBASE databases 

 

Table 2. Long-term body mass index relative change after bariatric surgery  

in different time intervals*  

Time in months are indicated in bracket. * Relative change is defined as: (follow BMI – initial 

BMI)/initial BMI * 100 

 

Figure 1. Diabetic status after bariatric surgery (diabetic patients/patients with available data) 

Diabetic status is defined as follows: anti-diabetic drug use and/or fasting blood glucose >7mmol/



Webtable 1. Research strategies in MEDLINE and EMBASE databases. 
 
MEDLINE (10 results). 
#1 “obesity” [MESH]:: 163958 results. 
#2 “craniopharyngioma” [MESH]:: 4040 results. 
#3 “gastric surgery”: 110414 results. 
#4 “bariatric surgery” [MESH]:: 13596 results. 
#5  #1 AND #2 : 163 results 
#6  #3 AND #5 : 7 results 
#7  #4 AND #5 : 9 results 
#8  #6 OR #7 : 10 results 
EMBASE (21 results). 
#1 “obesity” [EMTREE]: 268020 results. 
#2 “craniopharyngioma” [EMTREE]: 5134 results. 
#3 “gastric surgery” [EMTREE]: 67201 results. 
#4 “bariatric surgery” [EMTREE]: 13892 results. 
#5  #1 AND #2 : 281 results 
#6  #3 AND #5 : 9 results 
#7  #4 AND #5 : 19 results 
#8  #6 OR #7 : 21 results 
 



Webtable 2. Long-term body mass index relative change after bariatric surgery  
in different time intervals*  
 
Patient’s 

ID 1 year 1-2 years 2-5 years 5 years and more 

1 -3.3    
2 -1.1 -15.2 (24 months)   
3 1.8 2.9 (24 months) 14.8 (36 months)  
4 -18.4 -11.9 (24 months) 0.2 (36 months)  
5 -9.1   -4.7 (60 months) 
6  -2.7 (24 months) 3.2 (42 months) -0.7 (60 months) 
7 -14.0   -34.0 (60 months) 
8 -35.4 -34.2 (18 months)   
9 -15.4  -22.1 (30 months) -20.7 (75 months) 

10 -23.5    
11 -32.6 -28.1 (24 months)   
12 1.3   30.7 (64 months) 
13 -15.6    
14 -22.5  -19.6 (41 months)  
15 -15.7  -9.6 (30 months)  
16 -16.4 3.4 (24 months)   
19 -8.8  -11.7 (36 months)  
21 -24.4 -28.9 (24 months)   

 Time in months are indicated in bracket.  
* Relative change 





 

LABG RYGB VSG
mo BMI mo BMI mo BMI mo BMI mo BMI mo BMI

1 12 -3.3
2 12 -1.1 24 -15.2
3 12 1.8 36 14.8
4 12 -18.4 36 0.2
5 12 -9.1 60 -4.7
6 24 -2.7
7 12 -14 60 -34
8 12 -34.5 18 -34.2
9 12 -15.4 75 -21

10 12 23.5
11 12 -32.6 24 -28.1
12 12 1.3 64 30.7
13 12 -15.6
14 12 -22.5 41 -19.6
15 12 -15.7 30 -9.6
16 12 -16.4 24 3.4
17
18
19 12 -8.8 36 -11.7
20
21

mean 12 -6.02 36 -1.52 12 -11.95 48.2 -17.32 12 -15.8 32.75 -9.375
median 12 -3.3 36 -2.7 12 -14.7 60 -28.1 12 -15.7 33 -10.65
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