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lLA. Résumé

Introduction : Le syndrome d’interruption de tige pituitaire (SIT) est une entité rare en
pédiatrie, qui se définit par I'association d’'une post-hypophyse ectopique, une tige
pituitaire interrompue et une hypoplasie de I'antéhypophyse, avec des insuffisances
hormonales. Le phénotype est trés hétérogéne, mais la présence d'un surpoids, ou
d’'une obésité est peu décrite dans la littérature.

Objectif : Identifier les patients atteints de SIT, avec obésité, ou surpoids, décrire leur
phénotype et les comparer aux patients atteints de SIT, sans surpoids/obésité.
Méthode : Soixante-quinze enfants et jeunes adultes atteints de SIT dans la cohorte
toulousaine de 1984 a 2019 ont été étudiés. Nous avons identifié vingt-six patients en
situation d’'obésité, ou en surpoids (groupe1) et quarante-neuf patients sans obésité,
ni surpoids (groupe 2). Ensuite, les deux groupes ont été comparés.

Résultats: Tous les cas étaient sporadiques. Le sex-ratio était de 1,5.

Le retard de croissance était le motif de consultation le plus fréquent dans les deux
groupes (62,5% dans le groupe 1, 73% dans le groupe 2). Le diagnostic était plus
précoce dans le groupe 1 (p<0.04). Un antécédent d’hypoglycémie néonatale était plus
souvent relevé dans le groupe 1 que dans le groupe 2 (p<0.009), tout comme la notion
de malformations extra-pituitaires (p<002). L’incidence de la césarienne était plus
élevée dans le groupe 1 (54 %) que dans le groupe 2 (20%) (p <0.03).

Conclusion : Les patients présentant un surpoids, ou une obésité, dans le SIT
affichent quelques différences phénotypiques intéressantes, qui suggeérent des
troubles hypothalamiques, pouvant étre en lien avec I'ocytocine et la ghréline. D’autres

études sont nécessaires pour la réalisation de ces dosages.
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I.B. Abstract

Background: Pituitary stalk interruption syndrome (PSIS) is a rare entity in the
paediatric population, combining ectopic posterior pituitary, stalk interruption and
anterior pituitary hypoplasia, with hormonal deficiencies. Phenotype is highly
heterogeneous and overweight /obesity seems to be underreported in the literature.
Objective: To identify patients with PSIS and obesity or overweight, to describe their
phenotype and compare them with patients with PSIS, without overweight/obesity.
Methods: Seventy-five children and young adults with PSIS in Toulouse cohort from
1984 to 2019 were studied. We identified twenty-six obese or overweight patients
(group1) and forty-nine non obese/overweight (group 2). Then, both groups were
compared.

Results: All cases were sporadic. The sex ratio was 1.5.

First reason for consultation was growth retardation in two groups (62.5% in group 1,
73% in group 2). Diagnosis was earlier in group 1 (p<0.04). History of neonatal
hypoglycaemia was most common in group 1 than in group 2 (p<0.009), along with
extra-pituitary malformations (p<002). The incidence of cesarean section was higher
in group 1 (54%) than in group 2 (20%) (p <0.03).

Conclusion: Patients with overweight /obesity and PSIS display some interesting
phenotypic differences that suggest hypothalamic defects. Work needs to be done with

additional hormonal levels information, particularly regarding oxytocin and ghrelin.
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Il. Introduction

Le syndrome d’interruption de tige pituitaire (SIT), ou Pituitary Stalk Interruption
Syndrome (PSIS), est une entité radiologique décrite pour la premiére fois en 1987 par
Fujisawa, Kikuchi et al.(1). Il se définit par une triade d’anomalies morphologiques
mises en évidence par I'imagerie par résonance magnétique (IRM). Ce tableau, dans
sa forme compléte, associe une post-hypophyse ectopique, une tige pituitaire non
visible ou fine et une hypoplasie hypophysaire.

Le diagnostic peut se faire, en période néonatale devant des signes évoquant des
déficits hormonaux anté-hypophysaires : hypoglycémie, ictére prolongé, micropénis,
cryptorchidie. Le diagnostic peut étre fait pendant I'enfance, devant un retard de
croissance lié a un déficit isolé ou combiné en hormone de croissance ou Growth
Hormone (GH).

Il s’agit d’'une maladie congénitale rare de I'enfant, dont l'incidence est estimée a
0.5/100 000 naissances, avec une fréquence non négligeable dans le cadre des
déficits somatotropes (2) (3). La réalisation systématique de I'IRM hypothalamo
hypophysaire dans le déficit en GH a d’ailleurs permis de rééls progrés diagnostiques,

d’oul une incidence croissante du PSIS sur les derniéres années.

A ce jour, la physiopathologie du PSIS n’est pas clairement élucidée. Alors que les
traumatismes périnataux étaient initialemment mis en cause dans la survenue de la
pathologie pituitaire, les données actuelles orientent d’avantage vers une cause
anténatale (4). De fait, des malformations congénitales extra-hypophysaires sont
régulierement décrites en association avec le tableau originel. C’est ainsi que de
nombreuses mutations dans les génes de développement précoce ont été recemment
identifiées (PROP1, HESX1, LHX4, OTX2, SOX3, PROKR2, GPR161,...). Néanmoins,
ces mutations génétiques ne sont identifiées que dans moins de 5 % des cas de PSIS,
ce qui suggere une grande hétérogénéité génétique et une possible étiologie

multifactorielle (5).
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I.1. Développement de I’hypophyse

Le développement hypophysaire survient au cours d’'un processus embryologique
complexe impliquant I'épithélium ectodermique et le plancher du neuroépithélium du
diencéphale, aboutissant a la formation des lobes antérieurs et postérieurs
respectivement (5).

Des cascades moléculaires dans les voies de signalisation, impliquant des facteurs de
transcription hypophysaires, interviennent ensuite dans la différenciation de trois
lignées cellulaires (corticotrope, somatotrope-lactotrope-thyréotrope et gonadotrope).
Ceux-ci vont donner les cinqg types définitifs de I'antéhypophyse (6).

Le lobe postérieur de I'nypophyse, ou neurohypophyse, reste rattaché au diencéphale
par la tige pituitaire. Au début de la période foetale, la neurohypophyse va étre envahie
par les axones en provenance de I'hypothalamus, qui libérent la vasopressine et
l'ocytocine.C’est ainsi que se forme l'axe hypothalamo-hypophysaire, dont les
anomalies a ces différentes étapes de I'embryogenése peuvent étre a I'origine d’un

hypopituitarisme congénital (7).

11.2. Description clinique de I’antéhypopituitarisme (8)

Les déficits hypophysaires ou hypopituitarismes se définissent par une insuffisance de
synthése ou de sécrétion d’'une ou plusieurs hormones antéhypophysaires. lls peuvent
étre congénitaux ou acquis, isolés ou combinés et forment ainsi une entité

syndromique.

Déficit somatotrope

Chez I'enfant, le déficit en hormone de croissance (GHD) se traduit par une cassure
de la courbe de croissance, avec parfois, chez le jeune enfant, un faciés
caractéristique (front bombé, faciés poupin, ensellure nasale large), souvent associé
a un taux bas d'IGF1. Il peut étre également suspecté en période néonatale devant

des hypoglycémies récidivantes et un micropénis chez le gargon.

Déficit corticotrope

Plusieurs signes peuvent faire évoquer l'insuffisance en cortisol. En période néonatale,

c’est devant des hypoglycémies persistantes et un ictére néonatal prolongé qu'il faut
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étre vigilant. Rarement, il existe un tableau plus grave, avec signes de choc,
hypotension artérielle réfractaire, douleurs abdominales et déshydratation par perte de
sel, a tout &ge, mettant alors en jeu le pronostic vital, en 'absence de supplémentation

rapide.

Déficit thyréotrope

L’hypothyroidie congénitale est une urgence diagnostique en raison de son pronostic
neurologique. Ainsi, un ictére et une hypotonie néonatale marqués, doivent faire
rechercher une hypothyroidie centrale, qui n'est pas détectée par le dépistage
systématique en raison de I'absence d’élévation de la TSH.

Ce déficit peut aussi, dans I'’enfance, alerter devant une cassure de la courbe staturale

avec une prise de poids paradoxale, une asthénie et une constipation opiniatre.

Déficit gonadotrope

Le déficit en LH et FSH s’exprime peu avant la puberté, en dehors d’'une cryptorchidie
chez le gargon a la naissance. Les explorations se justifient face a des signes de retard
pubertaire, avec une ameénorrhée primaire chez la fille. A noter que les hormones
sexuelles jouent un réle primordial dans le pic de croissance staturale survenant

pendant la puberté.

Déficit lactotrope

Il N’y a aucun retentissement clinique connu chez I'enfant.

I.3. Mécanisme physiopathologique du syndrome d’interruption de tige
pituitaire (5)

La mise en évidence de mutations des facteurs de transcription hypophysaires
(PROP1, LHX3, LHX4, HESX1, PITX2, SOX3,...) dans le syndrome d’interruption de
tige pituitaire souléve des questionnements multiples. D’'une part, les mutations
génétiques connues ne sont pas toujours associées a des anomalies phénotypiques,
car la pénétrance est variable au sein d'une méme famille. Cette pénétrance variable
suppose donc une hérédité complexe et l'intervention de facteurs pluriels, notamment
environnementaux. Par ailleurs, des associations syndromiques manquent

régulierement de diagnostic génétique.
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Tableau 1. Phénotypes cliniques, modes de transmission et aspect IRM en fonction des facteurs
de transmission hypophysaires impliqués dans le déficit hypophysaire (8)

Phénotypes cliniques, mode de transmission et aspects IRM en fonction des facteurs de transcription hypophysaires impliqués dans le déficit hypophysaire

Facteur de Mode de Déficit  Déficit  Déficit Déficit Déficit ~ Hypophyse Posthypophyse  Autres
transcription  transmission ~ GH TSH LH-FSH ~ ACTH PRL
POUIFI Récessifou  Oui Oui Non Non Oui Hypoplasie Normale
dominant
PROPI Récessif Oul Oui QOui Vanable  Ow Hyperplasie puis ~ Normale
hypoplasie
HESXI Récessifou  Oui Variable ~ Variable ~ Vanable ~ Varable  Hypoplasie Ectopique Dysplasie
dominant septo-optique
LHX3 Récessif Ou Oui Oui Non Oui Variable Normale Anomalie de la rotation
de latéte
LHX4 Dominant Oui Oui Variable ~ Varable ~ Non Hypoplasie Variable Malformations
cérébrales
SOX3 Lical’X Oui Variable ~ Varable ~ Vanable ~ Vanable  Hypoplasie Ectopique Retard psychomoteur,

anomalies du corps
calleux




19

lll. Notre étude

lll.1. Title: Obesity, overweight and Pituitary Stalk Interruption Syndrome in

children and young adults.

Keywords: Pituitary stalk interruption syndrome, children, young adults, overweight

and obesity

Gaélle Nannette', Céline Bar?, Catherine Pienkowski2, Gwenaélle Diene?, Isabelle
Oliver-Petit?, Béatrice Jouret?, Audrey Cartault?, Valérie Porquet-Bordes?, Jean-
Pierre Salles?3, Solange Grunenwald*, Thomas Edouard?, Catherine Molinas3,

Maithé Tauber?3

1 Faculty of Medicine West Indies and Guyana, Guadeloupe, France

2 Unité d’endocrinologie, Obésités, Maladies osseuses et Gynécologie médicale, Children’s Hospital,
University Hospital, Toulouse, France

3 INSERM UMR 1043, Center of Pathophysiology of Toulouse Purpan (CPTP), University of Toulouse
Paul Sabatier, Toulouse, France

4 Unité d’Endocrinologie, maladies métaboliques et Nutrition, Rangueil Hospital, Toulouse, France

I1l.2. Introduction

Pituitary stalk interruption syndrome (PSIS) is a rare brain imaging entity,
corresponding to a specific anterior pituitary endocrine deficiency and hypothalamic
pituitary congenital malformation. It comes in its full form with an ectopic posterior
pituitary, hypoplasia of the anterior pituitary and an invisible or thin pituitary stalk.
PSIS was initially described in 1987 by Fujisawa et al. and had a reported incidence
increasing because of the routine use of pituitary magnetic resonance imaging (MRI)
in patients with hypopituitarism (4).

To date, the pathogenesis of PSIS has not been fully understood yet. If perinatal injury
was first believed to be involved (4) (9-12), current data move towards origins in early
developmental gene mutations, such as PROP1, HESX1, LHX4, OTX2, SOX3,
PROKR2, and GPR161 (5) (13). Nevertheless, gene mutations are reported in less
than 5% of PSIS patients, which suggests a multifactorial etiology (5).

The diagnosis is either done in neonatal period, in an infant displaying hypoglycemia,
and/or prolonged jaundice, micropenis,and/or cryptorchidism, various congenital
abnormalities, or later, during childhood, with growth retardation due to isolated or
combined GH deficiency (GHD) (14-19).
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Albeit it is considered as a hypothalamic disease, no clinical phenotype has been
reported in link with hypothalamic troubles not related to pituitary deficits.

However, in some patients, obesity is present at diagnosis, or subsequently with some
behavior troubles and learning disabilities (20).

This study is conducted in order to identify the clinical and biological features of
hypothalamic troubles in PSIS. The aims of this study are i) to determine the
prevalence of overweight and obesity in children with PSIS; ii) to describe the clinical,
endocrine and MRI characteristics of patients with PSIS and obesity, and/or

overweight; iii) to compare this group with non-obese/overweight patients with PSIS.

11l.3. Materials and methods

Population
For this retrospective longitudinal study, the records of seventy-five children (twenty-

nine girls and forty-six boys) with PSIS, followed in the Endocrine Unit at the Children’s
Hospital in Toulouse, France, between 1984 and 2019 were analyzed.

The study protocol was submitted to the Research Ethics Committees of the Purpan
University Hospital in Toulouse, France. An information letter was sent to the children

or their parents. Patient data was anonymized and de-identified prior to analysis.

The diagnosis of PSIS had been confirmed by pituitary magnetic resonance imaging
(MRI) findings, of a nonvisible or an ectopic posterior pituitary lobe, an absent or thin
pituitary stalk, associated with a nonvisible or hypoplastic anterior pituitary lobe. The
data of these patients were obtained by retrospective chart review. We included all the
patients followed regularly in the children department of endocrinology, some of them

are currently followed by adult endocrinologists after transition.

In line with our study objectives, two groups were established concomitantly: one group
(the study group) including obese and overweight children with PSIS and a second

(the control group) including non-obese children with PSIS.
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Data collected

Perinatal characteristics of the patients (gestational age, delivery conditions, birth
measurements, hypotonia, hypoglycemia, jaundice,  micropenis, and/or
cryptorchidism, dysmorphism) and associated malformations (including midline

abnormalities) were collected.

Auxology, at both first and last consultations, and ponderal history were described.
Measurements were expressed as standard deviation score (SDS), according to Usher
and MaclLean’s tables (21). Small for gestational age (SGA) was defined as a birth
length and/or weight for gestational age below -2 SDS, whereas macrosomia was
defined as a birth length and/or weight above +2 SDS.

Height, weight, and body mass index (BMI) measurements were converted to age-and-

sex-specific SDS on the basis of published reference French data (22).

Hormonal status was determined. GHD was defined as a GH peak of less than 10 ug/L
after two stimulation tests. GH peaks were recalculated in order to be expressed in
mUI/L of the international reference standard 98/574 (recombinant 22 kDa GH, 1 ug/L
=3 mU/L). Serum insulin-like growth factor 1 (IGF1) levels were converted to age- and
sex-specific SDS. TSH deficiency was defined as a low serum T4 level (< 9 pg/ml)
associated with an inappropriate low or normal serum TSH level (< 5 mU/L). ACTH
deficiency was defined as a serum cortisol level at 08.00 h less than 70 ug/L,
associated with an inappropriate low or normal ACTH level (< 60 pg/ml). The
gonadotropic axis was tested in patients before 6 months of age (“mini-puberty”) or at
postpubertal age (i.e., over 13 years for females and 15 years for males). Gonadotropic
deficiency was defined as delayed or absent pubertal development with low serum
testosterone or estradiol levels associated with blunted LH/FSH response to a GhRH
stimulation test. Prolactin deficiency and hyperprolactinemia were defined as basal

serum prolactin levels less than 5 ng/mL and above 25 ng/mL, respectively.

MRI data at diagnosis was also collected. MRI, injected with Gadolinium, was
performed with sagittal and coronal T1-weighted sequences and axial T2-weighted
sequences. Anterior pituitary height was measured and compared with normal values
for age. The pituitary stalk was considered to be interrupted when not visible over its

entire length, thin when its size was below 1 mm with a very spindly appearance, and
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absent when not visible at all. Spontaneous hypersignal of the posterior pituitary
determined its presence and location. Associated cerebral malformations and midline

abnormalities were also sought.

Psychomotor development was described in order to detect motor delay, behavior
troubles and learning disabilities. We collected and described the rehabilitations
prescribed to the patients (speech and language therapy, psychomotricity, ergotherapy,

physiotherapy, psychotherapy) and the type of schooling.

Statistical analysis

Data were expressed as means, Usher and Mc Lean SDS, percentage, or median.
Univariate comparisons between groups were performed by Mann-Whitney's U-test for
normally distributed variables, and by the Chi square test for the dichotomous
variables.

P<0.05 was considered statistically significant. These calculations were performed
using SPSS software, version 11.5 for Windows (SPSS Inc., Chicago, IL, USA).

111.4. Results

Prevalence of obesity /overweight

The obese and overweight children group consisted of twenty-six patients with PSIS,
whose body mass index (BMI) was regularly above +2 SDS for chronological age,
during follow-up. On the contrary, “non obese group” consisted of forty-nine PSIS
children with BMI under +2 SDS, or equal to + 2 SDS with a waist/height ratio under

0.5. The prevalence of overweight and obesity in our cohort was therefore 35%.

Characteristics at birth
Table 1 summarizes the characteristics at birth. All cases were sporadic. There was

no documentation of consanguineous parents and no family history of PSIS or
Combined Pituitary Hormone Deficiencies (CPHD). Mean target heights were
comparable in both groups: 170.7 cm in group 1 and 169.8 cm in group 2.

There was a male predominance in both groups, with respectively 62% and 61% boys

in group 1 and group 2.
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Height and weight SDS at birth were similar. The incidence of cesarean section was
significantly higher in group 1 (54%) than in group 2 (20%) (p <0.03). Hypoglycemia
was more frequent in group 1 (46%) than in group 2 (18%), (p<0.009).

In group 1: Fifteen among twenty-six patients (58%) presented at least one neonatal
symptom suggesting hormonal deficiencies (hypoglycemia, jaundice, and/or

micropenis/cryptorchidism in males).

In group 2: the most frequent neonatal signs were cryptorchidism (30% among boys)
and jaundice (24%).

Table 1. Characteristics at birth

PSIS patients with PSIS patients without
obesity/overweight obesity/overweight P
Group 1 (N = 26) Group 2 (N=49)
Term (weeks of amenorrhea) 38.7 38.8 0.8814
N= 47 :
Caesarean section (%) 54 20
N= 24 0.0174
Gender (%M/%F) 62 /38 61/39 0.9792
Weight (SDS) -0.7 -0.3 0.1203
Height (SDS) -1.1 -0.8
N= 48 0.7246
Head circumference (SDS) 0.4 -0.1 0.3589
N=25 ’
Small for Gestational Age 23 18 0.6355
(%) ‘
Macrosomia (%) 3,8 0 0.3269
Target height (SDS) 0.2 -0.1 0.2904
Jaundice (%) 15 24
N =20 N= 48 0.6561
Hypoglycemia (%) 46 18
N= 23 N= 48 ALY
Micropenis (%) 25 30
N=12/16 boys N= 30 boys D
Cryptorchidism (%) 25 23 0.9012
N= 12/16 boys N= 30 boys :
Orality disorders (%) 4 4 0.9610
Hypotonia (%) 8 4 0.5538

N = number of data if different from total population

Characteristics at diagnosis
Table 2 summarizes the characteristics at diagnosis. Patients with overweight/obesity

were significantly younger at diagnosis, with a mean age of 3.3 vs 5.2 years in group
2 (p<0.05).

The first reason for consultation was growth retardation in the two groups (62.5% in
group 1, 73% in group 2). There were no differences between endocrine characteristics
like GH peak, plasma IGF1, cortisol, LH, FSH, TSH, levels, including serum prolactin
concentrations (23,4+/- 16.6 vs 26.6 +/- 36.42 ng/ml).
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Only two patients from group 1 (8%) and eight patients from group 2 (16%) presented

isolated GH deficiency and 13% in the whole group of seventy-five patients.

Table 2. Characteristics at diagnosis

PSIS patients with

PSIS patients without

obesity/overweight obesity/overweight P
Group 1 (N=26) Group 2 (N=49)

Age (years) 34 5.2

N =25 0.03
Growth retardation (%) 58 71 0.2999
Auxology
Height (SDS) 2.4 -2.8 0.2503
Weight (SDS) -0.7 -1.8 0.0537
BMI (SDS) 1 -0.4 0.0172
Polymalformative syndrome 35 24 0.3774
Hormonal deficits
GH peak (mUI/L) 46 6 03321
IGF1 serum ZS -1.8 -2 0.2065
TSH (pUi/mL) 3.1 2.6

N=24 N=44 LRteels
T4/T3 (pg/mL) 8.7/3.5 8.7/3.6

N= 24 N= 44 0.9826/0.6640
LH/FSH (UI/L) 0.5/1.1 0.1/2.3

N=14 N=21 0.4380/0.8470
Testosterone (ng/mL) 10.3 10.9

N=10/16 N=20/30 Uit

ACTH (pg/mL) 11.7 16.4

N=16 N=33 L2208
Cortisol (ug/dL) 8.4 8.4

N=16 N= 33 0.9938
Prolactin (ng/mL) 234 26.6

N=20 N=30 0.718
Pituitary stalk
Thin (%) 12 12

N= 24 N=48 el
Interrupted (%) 64 80

N=24 N=48 0.2068
Not visible (%) 16 6

N=24 N=48 Uze
Anterior pituitary
Normal (%) 11.5 2 0.1481
Hypoplastic (%) 69 86 0.6937
Not visible (%) 4 12 0.2452
Posterior pituitary
Normal (%) 8 6 0.806
Ectopic (%) 77 84 0.7616
Not visible (%) 12 10 0.8639

N = number of data if different from total population

Concerning radiological features, pituitary abnormalities were almost equivalent in both

groups. However,

brain MRI

from group 1

patients showed extra-pituitary

malformations in sixteen patients (62%), against thirteen patients in group 2 (27%)

(p<0.02). These anomalies are summarized in figure 1. These twenty-nine patients
(39%) displayed syndromic PSIS.
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Figure 1. Extra-pituitary malformations on cerebral MRI in groups 1 and 2

Follow-up

BMI were already different at diagnosis (cf. table 3) with an average of 1 SDS in group

1 and -0.4 SDS in group 2 (p<0.02). In group 1, median age at adiposity rebound was

2 years, starting age of overweight was on average 4 years. Figure 2 reports the

different BMI at diagnosis and last consultation for group 1 and 2.
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Figure 2. BMI at first and last consultations in groups 1 et 2

Walking delay was seen in 20% from group 1 patients and 16% from group 2, which
was not significant.

Overweight and obese patients had more rehabilitations (44% vs 18% in
nonobese/overweight group; p<0.008), as it is shown in figure 3. They also had more
specialized schooling (15% vs 8%) and school dropout was only seen in group 1 (8%),

even if it was not significant.
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Figure 3. Rehabilitation and schooling in groups 1 and 2.

Only two patients from group 1 presented isolated GH deficiency, one of whom
reached adulthood. Including extra-pituitary malformations, polymalformative
syndrome was present in 65% from group 1 and 39% from group 2, which was
significant (p< 0.03). Genetic analyses were performed in sixteen patients in group 1
(62%) and twenty-three patients in group 2 (47%). We found two genetic defects in
group 1, comprising one LHX4 mutation and one gene duplication in Xq26.3q27.2
region, and four genetic defects in group 2 (tetrasomy 22, MAMLD1 mutation, trisomy

12, 15924 micro-deletion), but no mutations in early development gene in this group.

111.5. Discussion

We described in this study the clinical, biological and MRI characteristics of patients
with PSIS, divided into two groups, based on the presence or absence of overweight
or obesity. To our knowledge, it is the first published study that described patients with
PSIS and overweight or obesity and compared them to lean patients with PSIS. We

found a prevalence of 35% of obesity and overweight in children with PSIS
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Our results on the whole population are in accordance with previous studies, regarding
growth retardation (23) (24), neonatal signs (4) (12) (25), male predominance of about
60% (20) (26) (27). In the same way, the mean age at diagnosis varies in our analyze
from 3 to 5 years, like in published data (28-31).

Our study brings detailed information on extra-pituitary malformations often seen with
PSIS (5) (32-34). The most frequent cerebral malformations were grey matter
heterotopia, arachnoid cyst, Arnold-Chiari malformation and partial agenesis of corpus
callosum. In Rottembourg et al. series, 26% of the patients had associated brain
anomalies (23), that is low compared with our data of 39%.

Thirty-five percent of the patients of our cohort display overweight or obesity and these
children differed from the control group for some characteristics. First, the diagnosis is
made earlier, possibly in links with developmental delay and rehabilitations needs, that
are more frequently associated with this group of PSIS. Moreover, brain anomalies are
much more frequent in these children (62% vs 27%). This finding raises the hypothesis
that obesity and overweight are more frequently included in a PSIS syndromic entity,
with neurodevelopmental disorder, that require multidisciplinary management and a

more extensive genetic evaluation besides the pituitary developmental genes (32).

Interestingly, even though it is not statically significant, the pituitary stalk is less
frequently seen in this group of children (16 vs 6%), suggesting a more severe
hypothalamic defect. Indeed this also suggests that hypothalamic dysfunction is
different in patients with PSIS and obesity/overweight and that it may be involved in

learning and social disabilities and of course with appetite and metabolic dysregulation.

We found a higher proportion of neonatal hypoglycemia in children with overweight or
obesity, albeit comparable frequency and severity of endocrine deficiencies, (GH
peaks, cortisol levels) and comparable prevalence of small for gestational age. This
suggests that other parameters, may be hypothalamic factors, involved in glycemic
regulation, are disturbed in PSIS patients with overweight/obesity (35). We also noted
a higher proportion of cesarean sections in patients with overweight or obesity (54%

vs 20 %), that may suggest a more severe/frequent oxytocin deficit.

No case of Central Diabetes Insipidus (CDI) was reported in our cohort. On the
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contrary, Liu et al. found thirty-three cases of PSIS with multiple pituitary hormone
deficiencies (MPHD), among the forty-four CDI children with hypopituitarism (36). In
our study, posterior pituitary is absent in about 10% of PSIS. The absence of posterior
pituitary dysfunction is in line with S. El Chehadeh et al., Tauber et al. and Guo et al.
(12) (25) (29).

As a whole, patients with PSIS and overweight or obesity display significant higher
prevalence of cesarean sections, neonatal hypoglycemia, brain abnormalities
including not visible pituitary stalk and developmental delay and rehabilitations. This
combination allows us to pose that these children display syndromic PSIS and have a
more severe hypothalamic disorder, that is part of a neurodevelopmental trouble
explaining overweight and obesity, learning and social disabilities. This requires
multidisciplinary and specific management along with a comprehensive genetic

approach (37).

Limits

The main limit of our study is the lack of data about social background, which is a well-
known factor involved with overweight/obesity (38).

Also, it is a single center cohort. Nevertheless, we have comparable results than in

other centers, for many criteria.
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Conclusion

PSIS is a congenital developmental defect with various genetic causes.

This study suggests that obesity and overweight in PSIS are more often associated
with syndromic forms of neurodevelopmental disorders, with more severe
hypothalamic defects and comparable anterior pituitary deficiencies.

Oxytocin defects may explain the occurrence of overweight and obesity. Previous and
ongoing studies with oxytocin treatment in hypothalamic disorders, such as Prader-
Willi syndrome or craniopharyngioma suggest that oxytocin treatment may improve
obesity, behavior and social abilities of children with PSIS and overweight or obesity
(39-42). A more comprehensive endocrine and neurodevelopmental approach will

optimize the care of these patients.
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V. Synthése de ce travail

Le syndrome d’interruption de tige pituitaire se distingue par une grande variabilité
phénotypique.

Des associations malformatives a type d’anomalies de la ligne médiane, cérébrales et
extra-cérébrales ainsi que des dysmorphies faciales sont identifiées dans plusieurs
séries de patients. Parmi ces anomalies, I'atteinte hypothalamique, pourtant au coeur
de la pathologie, est peu décrite cliniquement.

Or, dans notre étude, nous avons pu mettre en évidence une prévalence de I'obésité
et du surpoids de 35%.

En outre, dans cette population, des particularités phénotypiques sont relevées,
pouvant s’inscrire dans une description syndromique de la maladie inédite.

De fait, il est intéressant de constater que méme en l'absence de disparité a
I'évaluation biologique, ou hypophysaire par imagerie, des perturbations se majorent
chez les patients en situation de surpoids, ou d’obésité. C’est le cas du taux de
naissance par césarienne, de la fréquence de I'’hypoglycémie néonatale, des
malformations extra-cérébrales et cérébrales extra-hypophysaires, ou encore de la
nécessité de rééducation. Ces particularités expliquent probablement le diagnostic
plus précoce dans cette tranche de population.

Nous avons par conséquent émis I'’hypothése que d’autres facteurs, probablement
hormonaux et génétiques, interviennent dans la survenue de I'obésité et des autres
atteintes associées dans le syndrome d’interruption de tige pituitaire.

Des études approfondies, incluant des dosages hormonaux hypothalamiques,
notamment celui de I'ocytocine, pourraient préciser notre hypothése, ainsi que la
réalisation d’études génétiques plus complétes chez ces patients. L'impact en terme

de thérapeutique pourrait étre une avancée considérable.
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