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Semiquantitative Analysis of Hypothalamic Damage
on MRI Predicts Risk for Hypothalamic Obesity

Christian L. Roth'?, Hedieh Eslamy’, David Werny*, Clinton Elfers’, Michele L. Shaffer?,
Catherine Pihoker”, Jeffrey Ojemann’, and William B. Dobyns'

Objective: Excessive weight gain frequently occurs in patients with hypothalamic tumors and lesions
leading to hypothalamic obesity (HO).

Methods: Digital brain magnetic resonance imaging (MRI) and clinical outcomes were studied retrospec-
tively in a single center, including 45 children with postoperative lesions in the sellar region (41 craniopha-
ryngiomas, 4 with Rathke’s cleft cysts), ~5 years post-surgery, mean age 13.9 years. Four standard
sections covering hypothalamic areas critical to energy homeostasis were used to assess lesions and
calculate a hypothalamic lesion score (HLS); the association with HO was examined.

Results: Compared to subjects who did not develop HO (n = 23), subjects with HO (n = 22) showed more
frequently lesions affecting the third ventricular floor, mammillary bodies, and anterior, medial (all P < 0.05),
and most importantly posterior hypothalamus (P < 0.01). The HLS correlated significantly with BMI z-score
changes 12 and 30 months post-surgery, even after adjusting for potential confounders of gender, age at
surgery, surgery date, surgery BMI z-score, hydrocephalus, and residual hypothalamic tumor (r = 0.34, P =
0.03; r = 0.40, P = 0.02, respectively). Diabetes insipidus was found to be an endocrine marker for HO risk.
Conclusions: The extent of damage following surgery in the sellar region can be assessed by MRI using

a novel scoring system for early HO risk assessment.

Obesity (2015) 23, 1226-1233. doi:10.1002/0by.21067

Introduction

Excessive weight gain and its resultant cardiometabolic abnormalities
frequently occur in patients with tumors in the hypothalamic region
leading to hypothalamic obesity (HO). Most tumors in this region are
craniopharyngiomas (CPs), the most common suprasellar tumors of
non-glial origin in children (1,2). Rathke’s cleft cysts (RCCs) are
benign lesions of the pituitary region, which can be asymptomatic (3)
and are frequently detected during autopsies. Symptomatic RCCs are
rare and can cause headaches, visual impairment, and pituitary hor-
mone deficiencies. CPs and RCCs are closely related and may be part
of a continuum of ectodermally derived epithelial lesions (4,5).

The treatment of choice for both CP and symptomatic RCC is gross
total resection or less radical surgery in combination with radiotherapy
to preserve optic nerve and hypothalamic structures and minimize other
complications (6,7). Postsurgical CP patients experience increased rates
of obesity, which is a major contributor to CP-related morbidity and

mortality (8). Prediction, prevention, and early initiation of obesity
treatment are vital to decrease the rate of cardiovascular disease,
because HO is more resistant to treatment than common obesity (9-13).

Despite previous neuroimaging studies (14-16), the mechanisms by
which damage to the hypothalamus leads to more or less severe forms
of obesity are still unclear. Here we assess the relationship between
HO development and hypothalamic damage using standard postopera-
tive brain imaging. We show that post-surgery BMI data correlated
significantly with our newly developed hypothalamic lesion score
(HLS) and that lesions which include the posterior hypothalamus are
associated with a very high risk for HO development.

Methods

Patients
The study was approved by the Seattle Children’s Hospital Institu-
tional Review Board. Clinical data including brain imaging studies
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and outcomes were analyzed retrospectively. From a total of 56
patients who had surgery for CP (n = 51) or RCC (n = 5) at Seattle
Children’s Hospital from 1996 to 2013, 45 children and adolescents
(41 with CP and 4 with RCC; 22 males and 23 females) fulfilled the
inclusion criteria as all had documented clinical data and electroni-
cally stored brain magnetic resonance imaging (MRI) studies avail-
able for scoring, while 11 subjects were excluded because MRIs
were not available. Surgery was performed at age 8.4 = 4.0 years
by transcranial (» = 35) or transsphenoidal (» = 10) approach.
Additionally, 29 subjects underwent transcranial irradiation (of
which 8 received proton beam irradiation) because of incomplete
resection of the tumor or tumor recurrence. Subjects” BMI and BMI
z-scores were assessed at time of surgery and at last visit (age 13.9
+ 4.5 years; 5.5 *£ 4.5 years after surgery). In a subset of patients,
BMI and BMI z-scores also could be assessed at 12 (11.5 = 3.5
months, 39 subjects) and 30 (30.3 = 7.5 months, 36 subjects)
months following surgery. Last visit BMI z-scores were used to clas-
sify patients who developed HO (group HO, n = 22) versus patients
without HO (group No-HO, n = 23; see Table 1). Subjects were
assigned to the HO group if they (1) were obese at time of last visit
(BMI exceeding the 95th percentile using CDC charts), and (2)
showed significant increase in BMI (ABMI z-score > 0.25 during
first 6 months following surgery) post-surgery or directly before sur-
gery (within 1 year before surgery) in order to differentiate HO
from common obesity. Except for one patient with CP and one with
RCC, patients received perioperative dexamethasone treatment for
2-12 days. The most frequent starting dose was 4 mg every 6 h or
in younger patients 2 mg every 6 h, with dose and frequency tapered
over several days. All patients were on hormonal replacement as
required, except for 5 of 26 growth hormone (GH) -deficient sub-
jects who were not supplemented with GH (Table 1).

Neuroradiological imaging

Brain images were retrospectively assessed using electronically
stored T1 weighed MRI data 1.9 = 2.8 years following surgery (at
10.2 = 4.1 years). We aimed to score brain images that were per-
formed shortly after surgery but at least 3 months past surgery to
avoid misinterpretations due to acute postoperative changes such as
blood remains and inflammation. In subjects whose brain imaging
was performed several years after surgery, we checked that no addi-
tional surgery was performed. Lesion scores were assessed in four
standard T1 weighed images (see overview in Figure 1.1 and exam-
ples in Figure 1.2): (a) midsagittal section (Figure 1.2 A,E,ILM), (b)
coronal section through the anterior commissure (Figure 1.2
B,F,J,N), (c) coronal section midway between the anterior commis-
sure and mammillary bodies [+5.4 mm posterior from anterior com-
missure according to Mai et al. (17), see Figure 1.2 C,G,K,0O], and
(d) coronal section through the mammillary bodies [+10.7 mm pos-
terior from anterior commissure (17), see Figure 1.2 D,H] or through
the basilar artery coursing caudo-cranially and anterior to the pons if
the mammillary bodies are damaged (e.g., Figure 1.2 L,P). This
allowed us to assess damage in different hypothalamic areas and
relate it to specific brain nuclei that are critically involved in energy
homeostasis. The four brain sections assessed included: the floor of
the third ventricle which contains the arcuate nucleus (ARC); pitui-
tary and pituitary stalk (section a); anterior hypothalamus including
paraventricular nucleus (PVN, section b); medial hypothalamus con-
taining the ARC and ventromedial nucleus (VMN, section c); and
mammillary bodies/posterior hypothalamus containing the dorsome-
dial nucleus (DMN) and dorsal hypothalamic area (DHA; section d).

In addition, third and lateral ventriculomegaly as well as residual
hypothalamic tumor were assessed (Figure 1.2, sections b-d). The
coordinates and shapes for different brain nuclei were based on the
Atlas of the Human Brain (17), as well as previous publications in
this field (18-20). Individual brain structures were scored as 0
(intact) or 1 (deficient, abnormal) and bilateral structures as 0O
(intact), 0.5 (unilateral damage), or 1 (bilateral damage), as summar-
ized in Supporting Information Table 1. Neuroimaging scoring was
performed by three physicians (CLR, HE, WBD), including a neuro-
radiologist (HE) who was blinded for the clinical outcomes. Agree-
ment of at least two of the three investigators was necessary for
final scoring. The presence of hydrocephalus or residual tumor (no:
0; yes: 1) was used as an adjustment variable in correlation analyses
as this could distort the location of the target brain structures.

Statistical analysis

BMI z-scores were calculated as a normalized measurement for the
severity of obesity using the LMS method (21). Analysis of lesion
scores was performed in two steps. First we compared all 11 criteria
(see criteria for damaged regions in Table 2) in two groups, HO ver-
sus No-HO at last appointment. Second we selected the criteria that
achieved at least marginally significant differences between groups
(defined by P < 0.1) in order to create a HLS (Supporting Informa-
tion Table 1). This score was used for further correlation analyses
regarding postoperative BMI z-score changes and for BMI analyses
in groups with different types of lesions.

Diagnostic histograms were prepared for all continuous variables to
assess approximate normality, which was confirmed for all the studied
outcomes. For two group comparisons (HO vs. No-HO) of continuous
variables with approximately normal distributions, Student’s #-test
was used for unpaired observations and paired Student’s z-test for
paired observations as normality assumptions were not violated. For
two group comparisons of categorical variables for unpaired observa-
tions, Fisher’s exact test was used. Multiple group comparisons were
performed by analysis of variance followed by Bonferroni post-hoc
testing for pairwise comparisons (Prism® program, GraphPad Soft-
ware, San Diego, CA). Pearson correlation coefficients were used to
examine correlations between the lesion score and clinical outcome
variables. Partial Pearson correlation coefficients were used to adjust
for potential covariates such as gender and age at surgery, as both
could be related to BMI, BMI z-score at time of surgery, and date of
surgery as surgical techniques potentially could have changed over the
time of this study, as well as presence of residual tumor and hydro-
cephalus, as this could distort the location of the target brain struc-
tures. Correlation analyses were conducted using SAS Version 9.2
(SAS Institute, Cary, NC). Data are shown as mean = SD in text and
tables, or as means and standard errors as well as correlation coeffi-
cients (r) in figures. All differences were considered significant for P-
values less than 0.05 using two-tailed tests.

Results

Using electronically stored MRIs of moderate imaging quality, we
were able to assess the extent and location of damage in specific
brain regions in 45 subjects post-surgery (Figure 1 and Supporting
Information Figure 1). In a subset of 24 subjects, we also were
able to score MRIs obtained within 1 month before surgery. Com-
paring HLS results of these 24 subjects from pre- versus post-
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TABLE 1 Descriptive data and hormone supplementation in 45 subjects with and without development of HO

No-HO HO P-value
Number of subjects (male/female) 23 (11/12) 22 (11/11)
Type of tumor (CP/RCC) 21/2 20/2
Last visit BMI (kg/m2)/BMI z-score 21.1/0.36 34.1/2.27
Surgery BMI (kg/m?)/BMI z-score 17.2/0.01 21.6/1.38 0.0374/0.0003%
Age last visit/years after surgery (years) 13.7/4.7 14.1/6.5 0.772/0.179°
Incomplete resection, n (% per group) 19 (83) 12 (54) 0.057"
Evidence for recurrence, n (% per group) 10 (43) 7 (32) 0.542"
Cranial irradiation, n (% per group) 15 (65)° 14 (64)° 1°
Cumulative perioperative dexamethasone, mg (SD) 55.2 (29.8) 53.8 (38.2) 0.919?
DDAVP, n (% per group) 9 (39) 18 (82 0.006°
Hydrocortisone, n (% per group) 15 (65) 20 (91) 0.071°
Gonadal steroids, n (% per group) 4.(17) 1) 0.346"
GH, n (% per group) 12 (52)° 9 (41 0.554°
Thyroid hormone, n (% per group) 18 (78) 20 (91) 0.414P

@P-value by Student’s t-test.

bP-value by Fisher's exact test.

°Received proton beam irradiation among irradiated subjects, n = 6.
9Received proton beam irradiation among irradiated subjects, n = 2.
®Additional GH-deficient subjects, but no GH supplementation, n = 4.
"Additional GH-deficient subjects, but no GH supplementation, n = 1.

surgery scans (example in Supporting Information Figure 2), we
found better correlations for HO development using the post-
surgery scans, although we found that both scores were correlated
significantly (r = 0.74, P < 0.0001). In these 24 subjects,

pre-surgery HLS correlated similarly significantly with changes of the
BMI z-score at 12 and 30 months following surgery, similarly to
post-surgery HLS (P < 0.01 for all comparisons). However, only
post-surgery HLS correlated significantly with BMI z-scores at last

TABLE 2 Neuroimaging scoring of hypothalamic lesion in relation to topographic region

Assessment of Brain Section

Subjects without HO, n (%)

Subjects with HO, n (%)  P-value

1. Pituitary lesion
2. Pituitary stalk lesion

a) Midsagittal
a) Midsagittal

10. Residual suprasellar Tu b-d
11. Residual hypothalamic Tu b-d

0.2333
0.6078

20 (87)
20 (87)

22 (100)
19 (86)

0.2362
0.7631

15 (65)
8 (35)

11 (50)
9 (41)

P-values based on Fisher’s exact test (HO vs. No-HO) comparing two groups of scores (intact: O; damaged: 0.5 or 1). Criteria 3-9 were also used in HLS (gray box,
significant P-values in bold letters). The posterior hypothalamic section showed the strongest differences between the groups (dark gray).
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Fig. 1.2
Section a)

Section b) Section c) Section d)

Figure 1 1.1: Schematic overview of standard brain sections for assessment of lesions (midline sagittal: a; three coronal sec-
tions: b, ¢, d). 1.2: MRI standard brain sections and HLS in four patients following craniopharyngioma resection. Solid shapes
of nuclei indicate intact structures, while open shapes indicate lesions. A-D: Male patient presenting with residual intra-/supra-
sellar tumor (A), while PVN (pink in B), ARC (yellow in C), and VMN (green in C), as well as DHA (red in D) and DMN (orange
in D), are still intact. HLS: 0. BMI z-score at surgery -1.11 (age 11 years), BMI z-score 3 years post-surgery -0.6. (E-H):
Female patient showing a residual suprasellar/hypothalamic cystic lesion and defect of the anterior and medial hypothalamus.
HLS: 3. BMI z-score at surgery 0.09 (age 14 years), BMI z-score 2 years post-surgery 0.13. (I-L): Female patient with BMI z-
score at surgery 2.22 (age 7 years) presenting with large postoperative lesion affecting the floor of the third ventricle and whole
hypothalamus. HLS: 5. BMI z-score 3 years post-surgery 2.28. (M-P): Female patient presenting with large lesion, hydroceph-
alus, and absence of pituitary, optic chiasm, pituitary stalk, floor of third ventricle, PVN, ARC, VMN, DHA, and DMN. HLS: 7.
BMI z-score at surgery 0.71 (age 11 years), BMI z-score 2 years post-surgery 1.87. Triangles point to landmarks of orientation:
sella (white), mammillary bodies (white open), and anterior commissure (blue).

visit (r = 0.627, P = 0.001 vs. r = 0.358, P = 0.086 for pre-surgery
HLS). With this in mind and also because of the larger dataset we
focused our subsequent analysis on post-surgery imaging results.

Comparison of two groups, patients with versus
without HO

First we investigated clinical variables in two groups of subjects
according to their BMI at the time of their last visit. Twenty-two of
the 45 evaluated patients had HO at their last visit (average 66
months following surgery). These subjects already had significantly
higher BMI z-scores at the time of surgery (Table 1). Both groups
(HO and No-HO) increased their BMI z-scores significantly during
the first year following surgery, but no additional gains in BMI z-
scores were seen after the first year (Figure 2A). As not all BMI
assessments occurred precisely at 12 or 30 months after surgery, we

also calculated changes of BMI z-scores per month, which con-
firmed the findings (Figure 2B). Recurrence and cranial irradiation
rates were comparable in both groups, while there was a non-
significant trend toward a higher rate of incomplete resections in the
No-HO group (Table 1). The cumulative perioperative dexametha-
sone dose did not differ between groups, and there was no associa-
tion between cumulative perioperative dexamethasone dose and delta
BMI z-score during 12 months (r = 0.152, P = 0.447) or 30 months
(r = 0.124, P = 0.581) following surgery. We used hormonal sup-
plementation as a surrogate for hormonal deficiencies. There were
no significant differences between the two groups except for desmo-
pressin, a surrogate for diabetes insipidus (DI), which was more fre-
quent in the HO versus the No-HO group (Table 1).

Second, we investigated differences in postsurgical brain imaging in
HO versus No-HO groups of subjects. Lesions in the anterior,
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Figure 2 BMI z-scores at time of surgery (Surg.), 12 (11.56 = 3.5) and 30 (80.3 *= 7.5) months following surgery, and at last
visit (average 66 months post-surgery) in patients with (black bars) versus without (white bars) HO development (P = 0.0003
at time of surgery). (A) In both groups, BMI z-scores increased significantly 12 months following surgery (P = 0.016/°P =
0.0007, paired t-test). At time of surgery, BMI z-scores were already significantly different in the HO versus the No-HO group
(°P = 0.0003, Student’s t-test). (B) Strong changes of BMI z-scores per month were seen in both groups 12 months post-
surgery but no further changes during the subsequent period 12-30 months post-surgery (4P = 0.0147/°P = 0.0002, Stu-

dent’s t-test).

medial, and posterior hypothalamus, as well as floor of the third
ventricle and mammillary bodies, were more frequent in the HO
versus the No-HO group (Table 2). In order to create the HLS, we
selected the criteria that achieved at least marginal significance
between both groups, which resulted in a selection of seven out of
11 tested criteria (using criteria 1-7 in Table 2; Supporting Informa-
tion Table 1). The HLS was significantly higher in patients with HO
versus No-HO (5.3 £ 2.3 vs. 2.2 £ 2.3, P = 0.0003). From a Pear-
son correlation analyses, the HLS correlated significantly with
changes of the BMI z-score at 12 months (r = 0.515, P = 0.0007)
and 30 months (r = 0.447, P = 0.0062) following surgery (Figure
3A,B), even when adjusted for potential confounders including gen-
der, age at surgery, hydrocephalus, residual hypothalamic tumor,

BMI z-score at time of surgery, and date of surgery (r = 0.508, P
= 0.0021; r = 0.559, P = 0.0013, respectively).

Comparison of outcomes related to the

extent of lesions

As a third step, changes in BMI in three groups of subjects separated
by the sites of lesions were analyzed using the same data: subjects
without evidence of any hypothalamic lesions (No HL) versus subjects
with lesions of the anterior and/or medial hypothalamus (AM) versus
subjects with lesions in the anterior and/or medial hypothalamus plus
the posterior hypothalamus (AM + P), as all of the patients with dam-
age in the posterior hypothalamus also showed damage to the anterior

A
G_
-
-
Q
e 2 o .
[=] . B
w
? %
r~'.lo 24
= O
Z g
Q 4.
4E 0
o~
-
-2

01 2 3 4 5 6 7
Lesion score

B
6-
=23
T
>
@ = 4 "
o =
Q¥ A A
R
N ©
= 0o
=
mo
<E
(=]
™

Lesion score

Figure 3 Relationship between HLS and postoperative change of BMI z-scores. Correlation analyses investigating
the relationship between the HLS and change of BMI z-score (A) 12 months and (B) 30 months post-surgery
Pearson correlation r = 0.515, P = 0.0007 at 12 months and r = 0.447, P = 0.0062 at 30 months following

surgery.
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Figure 4 Changes of BMI z-scores in relation to extent of lesion. BMI z-scores in patients without hypothalamic lesions (No HL, white
bars), lesions of the anterior and/or medial hypothalamus (AM, gray bars), or lesions in the posterior hypothalamus as well as in the ante-
rior and/or medial hypothalamus (AM + P, black bars). BMI z-scores (A) at time of surgery, and at (B) 12 and (C) 30 months later as well
as (D) at last visit. Changes of BMI z-scores (E) from surgery to 12 months and (F) from 12 to 30 months post-surgery. *P < 0.05 and

**P < 0.001.

and/or medial hypothalamus. Although there were no significant dif-
ferences of BMI z-scores at time of surgery (Figure 4A), the AM + P
group showed the strongest postoperative weight gains during the first
12 months following surgery, resulting in significantly higher BMI z-
scores 12 and 30 months following surgery as well as at last visit (Fig-
ure 4B-F). The HLS for each group was 0 (no HL), 2.60 * 1.24 (group
AM), and 6.38 = 0.78 (group AM + P).

Testing DI as an endocrine marker for HO
development

Finally, we tested presence of postsurgical DI as an easily accessible
endocrine marker for HO risk. Comparing patients with DI (n = 27)
versus without DI (n = 18), subjects with DI had similar BMI z-scores

at surgery (0.69 = 1.23 vs. 0.65 = 1.32, P = 0.919). However, their
postoperative BMI changes were significantly greater at 12 months
(delta BMI z-score 1.10 = 1.20 vs. 0.37 = 0.68, P = 0.034) and 30
months (delta BMI z-score 1.77%1.10 vs. 0.30%=0.78, P = 0.035) post-
surgery, resulting in a higher rate of HO at last visit (17/27 vs. 5/18, P
= 0.033). In addition, DI subjects showed more frequent lesions in the
medial (81 vs. 44%, P = 0.022) and especially posterior (74 vs. 6%, P
< 0.0001) hypothalamus, but only a non-significant trend for the ante-
rior hypothalamus (78 vs. 50%, P = 0.105).

Discussion

This study describes development of a novel MRI scoring system to
quantify hypothalamic damage following surgery in the hypothalamic-
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pituitary region which allows postoperative risk assessment for HO
development. To our knowledge, this is the first neuroimaging scoring
system that directly relates brain images showing lesions affecting dif-
ferent hypothalamic areas to specific brain nuclei critically involved
in energy homeostasis. Our data clearly demonstrate that patients with
postoperative lesions that include the DHA and DMN in the posterior
hypothalamus are at very high risk for rapid and pathological weight
gain during the first year following surgery [sometimes beginning in
the months prior to surgery (1,22)], and that damage to this region is a
reasonably good surrogate for the HLS in CP and RCC subjects. In
contrast to a previous study (23), we found no correlation between per-
ioperative dexamethasone doses and weight gain during the first year
following CP surgery.

Our approach builds on the prior work of different groups
(10,11,14-16,24). An advantage of our HLS system is that it assesses
lesions using anatomical landmarks in both sagittal and several coro-
nal planes, and does not require measurements or volume assess-
ments, which are often difficult to compare between subjects. Previ-
ous studies included measurements of the two- or three-dimensional
assessments of hypothalamic damage and compression (24-26).
However, as the whole human hypothalamus has a volume of only 4
ml (10), and is thereby much smaller than many of the CP tumors
before surgery, we decided to assess damage to distinct areas that
contain key neurons of energy homeostasis.

The HLS system can be used even in subjects with incomplete
resection of the tumor. We believe that the HLS system is suitable
for use in multicenter studies, as it requires only T1 weighed stand-
ard sagittal and coronal sections through the hypothalamic area and
it can be applied effectively even with mildly suboptimal (fair to
good) images. Our data also show that presence or absence of dam-
age to the posterior hypothalamus is by itself a reliable predictor of
HO. However, we believe that use of the complete HLS system is
preferable because it examines more structures and should be appli-
cable to other structural lesions of this region than CP and RCC.

In this study, about one half of patients developed HO, which is
similar to previous studies (1,22). In comparison to subjects without
HO, patients who developed HO already had a higher BMI at sur-
gery and had a stronger postsurgical gain in BMI. Their lesions
more frequently involved the anterior, medial and particularly poste-
rior hypothalamus, as well as floor of the third ventricle and mam-
millary bodies (Table 2). This is in line with prior studies, which
showed the association between large structural defects of the
medial hypothalamus and development of severe obesity post-
surgery (16,24,25,27,28). However, another study did not find this
relationship (29). Recently, Muller et al. (14) reported that location
and size of the hypothalamic lesion is associated with development
of HO as patients with large lesions reaching the posterior hypothal-
amus and mammillary bodies had large increases in BMI. However,
previous studies did not specifically evaluate damage in different
nuclei involved in body weight regulation. In our study, we included
the three hypothalamic sections that contain key nuclei regulating
metabolism, as well as the mammillary bodies, structures which are
important for memory function (30) and can easily be recognized as
structural landmarks in close proximity to posterior hypothalamic
nuclei. In addition, we also considered whether damage to bilateral
nuclei was unilateral or bilateral, as intact contralateral pathways
could potentially compensate for deficient neurons and neuronal
projections.

Our observation of a very high risk for HO in patients with lesions
that include the posterior hypothalamus fits well with the anatomical
substrates of energy homeostasis, as distinct but overlapping neuronal
pathways regulate various aspects of feeding behavior (31). Key
regions are dispersed throughout the hypothalamus with important
centers located in anterior (PVN), middle (ARC, VMN), and posterior
(DMN, DHA) regions. The ARC contains two well-studied neuronal
populations (31), one expressing proopiomelanocortin (POMC), a pre-
cursor of a-melanocyte stimulating hormone that inhibits food intake
and stimulates energy expenditure; the other coexpressing agouti-
related peptide and neuropeptide-Y, which of both stimulate food
intake and reduce energy expenditure. ARC neurons project to several
brain areas of energy regulation, including the PVN, lateral hypothala-
mus, and dorsal hypothalamic nuclei (32). The ARC expresses leptin
receptors similar to the VMN and PVN (33). The DMN contains
gamma-aminobutyric acid and neuropeptide-Y expressing neurons as
well as a-melanocyte stimulating hormone terminals projecting from
the ARC. DMN projections contribute to the stimulation of
thyrotropin-releasing hormone neurons in the PVN (34). DMN, DHA,
and VMN are key nuclei for locomotion and thermoregulation media-
ting leptin-induced sympathetic activation of brown adipose tissue
and energy expenditure (35).

Disruption of feeding circuits by damage to the medial hypothalamic
nuclei has the potential to increase hunger by unopposed activation of
orexigens from the lateral hypothalamus, or by blocking the response
to adiposity signals such as leptin and POMC in the medial hypothala-
mus. Thus, hypothalamic lesions have the potential to disrupt regula-
tion of body weight and energy expenditure at many levels, finally
resulting in a complex clinical picture of HO syndrome characterized
by severe obesity associated with leptin resistance, fatigue, hyperpha-
gia, impaired satiety, decreased sympathetic tone, and low energy
expenditure (11,28,36-38). Our data suggest that several medial hypo-
thalamic nuclei (PVN, ARC, VMN, DMN, DHA) must be damaged,
similarly to findings in our previously established rodent model for
lesion-induced HO, which demonstrates that only lesions affecting
several medial hypothalamic nuclei (ARC, VMN, and DMN) resulted
in the classical phenotype of HO described above (39).

Our study has several limitations. First, due to the retrospective nature
of the study, it was challenging to obtain brain images within the first
year after surgery from patients who had surgical procedures more
than 10 years ago. Therefore, we used later MRIs as surrogates for the
3 months post-surgery MRI status. Second, in contrast to a recent study
from Elowe-Gruau et al. (15), we focused on postoperative MRI, as
pre-surgery scans were available only in about half of the studied sub-
jects. In the subset for which pre- and post-surgery scans were avail-
able, we found that post-surgery imaging results correlated better with
HO outcomes than pre-surgery imaging. Preoperative compression of
the posterior hypothalamus that resolved post-surgically could explain
this difference (Supporting Information Figure 2). Certainly future pro-
spective studies should examine both preoperative and postoperative
images to assess damage to the posterior hypothalamus.

Our data show that patients with DI and separately patients with HO
are more likely to have lesions in the medial and posterior hypothal-
amus compared to patients without DI or HO. Thus, presence of DI
serves as a prognostic marker for HO, and vice versa.

In summary, we have retrospectively assessed the extent of hypo-
thalamic damage after surgeries in the sellar/suprasellar region using
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standard MRI to identify anatomical landmarks in the pituitary-
hypothalamic area, and correlated this with development of HO and
DI. Future studies will show if the HLS system is suitable for early
postoperative HO risk assessment, which is critical in order to pre-
vent strong weight gain in particular during the first postoperative
year. Extensive bilateral lesions affecting the posterior hypothala-
mus, which includes the DHA and DMN, were associated with the
highest risk for HO development. Patients with lesions in this area
need intensive multidisciplinary management by nutritional, psycho-
logical and endocrine care providers. Further options include bariat-
ric surgery (40) and potentially available pharmacological interven-
tions in the future. O

©2015 The Authors. Obesity published by Wiley Periodicals, Inc. on
behalf of The Obesity Society.
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