
HAL Id: hal-04689015
https://lilloa.hal.science/hal-04689015v1

Submitted on 5 Sep 2024

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY 4.0 - Attribution - International License

Position statement on the diagnosis and management of
congenital pituitary deficiency in adults: the French National

Diagnosis and Treatment Protocol (NDTP)
Sarah Castets, Frédérique Albarel, Anne Bachelot, Gilles Brun, Jérôme Bouligand,
Claire Briet, Emmanuelle Bui Quoc, Laure Cazabat, Nathalie Chabbert-Buffet,

Sophie Christin-Maitre, et al.

To cite this version:
Sarah Castets, Frédérique Albarel, Anne Bachelot, Gilles Brun, Jérôme Bouligand, et al.. Position statement
on the diagnosis and management of congenital pituitary deficiency in adults: the French National Diag-
nosis and Treatment Protocol (NDTP). Annales d’Endocrinologie = Annals of Endocrinology, 2024, Annales
d’Endocrinologie = Annals of Endocrinology, 85 (4), pp.327-339. ⟨10.1016/j.ando.2024.03.001⟩. ⟨hal-04689015⟩

https://lilloa.hal.science/hal-04689015v1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


Annales d’Endocrinologie 85 (2024) 327–339

Disponible  en  ligne  sur

ScienceDirect
www.sciencedirect.com

Original  article

Position  statement  on  the  diagnosis  and  management  of  congenital
pituitary  deficiency  in  adults:  The  French  National  Diagnosis  and
Treatment  Protocol  (NDTP)

Sarah  Castetsa,∗, Frédérique  Albarelb,  Anne  Bachelotc,d, Gilles  Brune,l, Jérôme  Bouligandf,
Claire  Briet s,t,  Emmanuelle  Bui  Quocg,  Laure  Cazabatm, Nathalie  Chabbert-Buffetn,
Sophie  Christin-Maitre i,  Carine  Courtillot c,  Thomas  Cunyi,  Gianpaolo  De  Filippoh,
Bruno  Donadille i,  Frédéric  Illouzs,t,  Isabelle  Pellegrinib,  Yves  Rezniko,
Alexandru  Saveanue,  Natacha  Teissierp,  Touraine j, Marie-Christine  Vantyghemq,
Julia  Vergiera,  Julianne  Légerh,r,  Thierry  Bruea,e,k,  Rachel  Reynauda,e,k

a Service de pédiatrie multidisciplinaire, centre de référence des maladies rares de l’hypophyse HYPO, hôpital de la Timone Enfants, Assistance
publique–Hôpitaux de Marseille (AP–HM), 13005 Marseille, France
b Service d’endocrinologie, centre de référence des maladies rares de l’hypophyse HYPO, hôpital de la Conception, Assistance publique–Hôpitaux de
Marseille (AP–HM), 13005 Marseille, France
c IE3M, ICAN, Department of Endocrinology and Reproductive Medicine, Centre de Référence des Maladies Endocriniennes Rares de la Croissance, Centre de
Référence des Pathologies Gynécologiques Rares, hôpital Pitié-Salpêtrière, AP–HP, Paris, France
d Sorbonne université, Paris, France
e Aix-Marseille University, Institut National de la Santé et de la Recherche Médicale (INSERM), U1251, Marseille Medical Genetics (MMG), Assistance
Publique Hôpitaux de Marseille, Reference Center for Rare Pituitary Diseases HYPO, Assistance-Publique des Hôpitaux de Marseille, Laboratory of Molecular
Biology, Conception Hospital, Marseille, France
f Molecular Genetic, Pharmacogenetic and Hormonology, Kremlin-Bicêtre Hospital, Paris-Saclay University, AP–HP, Le Kremlin-Bicêtre, France
g Ophthalmology Department, Robert-Debré University Hospital, Assistance publique–Hôpitaux de Paris, Paris, France
h Service d’endocrinologie et diabétologie pédiatrique, centre de référence des maladies endocriniennes de la croissance et du développement, hôpital
universitaire Robert-Debré, université Paris Cité, Assistance publique–Hôpitaux de Paris, Paris, France
i Department of Endocrinology, Diabetology and Reproductive Medicine, Centre de Référence des Maladies Endocriniennes Rares de la Croissance et du
Développement (CMERC), Centre de Compétence HYPO, Hôpital Saint-Antoine, Sorbonne University, Assistance publique–Hôpitaux de Paris, 184, rue du
Faubourg Saint-Antoine, 75012 Paris, France
j Service d’endocrinologie et médecine de la reproduction, centre de maladies endocrinennes rares de la croissance et du développement, médecine-hôpital
Pitié-Salpêtrière, Sorbonne université, Paris, France
k Inserm, MMG, Laboratory of Molecular Biology, Hospital La Conception, Aix-Marseille University, AP–HM, Marseille, France
l Hôpital Européen, Pôle imagerie médicale, 13003, Marseille, France
m Department of Endocrinology, Diabetology and Nutrition, Ambroise Paré Hospital, AP-HP, UVSQ, Boulogne-Billancourt, France
n Department of Gynecology and Obstetrics, Hôpital Tenon, Assistance Publique-Hôpitaux de Paris, 75020 Paris, France
o Endocrinology and Diabetes Department, CHU Côte de Nacre and Unicaen, Caen Cedex, France
p Department of Pediatric Otolaryngology, Robert Debré Hospital, AP-HP Nord, Paris, France
q Service d’endocrinologie, diabétologie et maladies métaboliques, CHRU de Lille, rue Polonowski, Lille cedex, France
r Université Paris Cité, NeuroDiderot, Institut National de la Santé et de la Recherche Médicale (INSERM) UMR 1141, Paris, France
s Département d’endocrinologie-diabétologie nutrition, Centre de référence des maladies rares de la Thyroïde et des Récepteurs Hormonaux, Endo-ERN
centre for rare endocrine diseases, CHU d’Angers, 4, rue larrey, 49100 Angers, France
t Laboratoire MITOVASC, UMR CNRS 6015, Inserm 1083, Université d’Angers, rue Roger Amsler, 49100 Angers, France

i  n  f  o  a  r  t  i  c  l  e A  b  s  t  r  a  c  t
Keywords :
Growth hormone deficiency
Pituitary deficiency
Hypopituitarism
Arginine vasopressin deficiency
Pregnancy
Elderly

Pituitary  deficiency,  or hypopituitarism,  is  a  rare  chronic  disease.  It is  defined  by  insufficient  synthesis
of  one  or  more  pituitary  hormones  (growth  hormone,  TSH,  ACTH,  LH-FSH,  prolactin),  whether  or not
associated  with  arginine  vasopressin  deficiency  (formerly  known  as  diabetes  insipidus).  In  adult  patients,
it  is  usually  acquired  (notably  during  childhood),  but  can  also  be congenital,  due to abnormal  pituitary
development.  The  present  study  focuses  on congenital  pituitary  deficiency  in  adults,  from  diagnosis  to
follow-up,  including  special  situations  such  as  pregnancy  or the  elderly.  The  clinical  presentation  is highly
variable,  ranging  from  isolated  deficit  to  multiple  deficits,  which  may  be  part  of  a  syndromic  form  or  not.
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Diagnosis  is based on  a combination  of  clinical,  biological  (assessment  of  all hormonal  axes),  radiological
(brain  and hypothalamic-pituitary  MRI)  and  genetic  factors.  Treatment  consists  in  hormonal  replacement
therapy,  adapted  according  to  the  period  of  life  and  the  deficits,  which  may  be progressive.  Comorbidities,
risk of complications  and  acute  decompensation,  and  the  impact  on  fertility  and  quality  of  life all  require
adaptative  multidisciplinary  care  and  long-term  monitoring.
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1. Introduction

Pituitary deficiency, or hypopituitarism, is a rare disease defi-
ned by insufficient production or secretion of one or more anterior
pituitary hormones (growth hormone [GH], thyroid-stimulating
hormone [TSH], adrenocorticotropic hormone [ACTH], luteinizing
hormone [LH], follicle-stimulating hormone [FSH], prolactin), or
more rarely post-studio pituitary hormones (vasopressin). Gene-
tic causes are rarer than acquired causes, principally direct
tumoral causes (hypothalomo-pituitary tumor) or indirect causes
(radiotherapy, surgery, checkpoint inhibitors). The prevalence of
congenital hypopituitarism is difficult to establish, but is estimated
at between 1/16,000 and 1/26,000 [1]. It may  be part of a syndrome
or not. Diagnosis is usually made in childhood or at puberty, but in
adulthood in up to 7% of cases [2]. These cases of delayed diagnosis
are linked to a lack of previous pediatric medical consultation, often
in a context of socio-economic difficulties, and/or a poor knowledge
of the pathology in adulthood [3]. Comorbidities, acute complica-
tions and decompensation, and impact on fertility and quality of
life mean that this chronic pathology requires specialized, often
multidisciplinary, care, and long-term follow-up.

2. Method

The present study followed the French Health Authority (HAS)
2012 instructions for preparing national diagnosis and treatment
protocols (NDTPs) for rare diseases (“Méthode d’élaboration d’un
protocole national de diagnostic et de soins pour les maladies
rares”, available on the HAS website: www.has-sante.fr). The
recommendations were established by a group of authors on the
basis of a literature review, then reviewed, edited and discussed by
a group of reviewers. The present article is a summary of the NDTP
recommendations for the adult population (Fig. 1).

3. Diagnosis and initial assessment

3.1. Clinical signs of pituitary deficiency

3.1.1. Somatotropic deficiency
Isolated growth hormone deficiency can be diagnosed in adul-

thood in case of short stature. Deficiency is rarely isolated in
adulthood, and is most often associated with multiple ante-
rior pituitary insufficiency and impuberism [4]. Other symptoms
include asthenia, neuromuscular pain, variably reduced resistance
to effort, muscle-wasting in favor of adipose tissue, and impaired
quality of life. The voice is often high-pitched [5]. Delayed puberty,
early menopause, and impaired sexuality have also been reported
[6,7].

3.1.2. Gonadotropic deficiency
Forms of gonadotropic insufficiency can be diagnosed in adul-
thood.
In women, gonadotropic insufficiency presents as primary ame-

norrhea in 90% of cases, primo-secondary (after a few cycles)
or secondary much more rarely [8]. Breast development may  be
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ormal or absent [9]. Sometimes, diagnosis of moderate forms
s suggested by oligomenorrhea, infertility (linked to anovulation

hen estradiol secretion is normal) or osteoporosis [10].
In men, decreased libido, erectile dysfunction or infertility

ay suggest diagnosis. Pubertal development varies according to
he severity and duration of hypogonadism [11]. Severe forms
f isolated hypogonadism are rarely diagnosed in adulthood,
ith complete impuberism (micropenis, testicular volume < 4 mL,

bsence of muscle development, unmuted voice, beardlessness),
all stature, gynoid obesity, adipomastia, bone fragility and mood
isorder [12]. Partial forms with a more moderate phenotype
re more frequent: they present as spontaneous puberty, some-
imes incomplete (testicular volume < 10 mL), partial virilization
nd gynecomastia [8,13].

Kallmann syndrome is the most common diagnosis, defined by
he association of gonadotropic deficiency and anosmia/hyposmia
n the patient or a relative. There is considerable intra- and inter-
amilial phenotypic variability. Other associated clinical features

ay  be suggestive: imitation synkinesis for contralateral limbs
5–15% of cases), dental agenesis, cleft lip or palate, unilateral
enal agenesis, central deafness, ataxia, and ichthyosis (rare but
athognomonic for contiguous gene syndrome) [14]. Gonadotro-
ic insufficiency in Kallmann syndrome is spontaneously reversible

n 15% of patients, especially in case of a particular type of gene-
ic abnormality: mutation of the TAC3/TACR3 neurokinin signaling
athway [15].

.1.3. Thyroid deficiency
Clinical signs of thyroid deficiency in hypopituitarism are gene-

ally milder than in primary thyroid insufficiency, and may depend
n the genetic etiology. Severe hypothyroidism is rare, notably
ecause thyroid function is often only partially impaired [16], but
oes exist, particularly in case of TSHß mutations, which are res-
onsible for profound thyrotropic deficiency (mental retardation

n the absence of treatment, growth retardation, myxedema, etc.)
17–20]. In more moderate deficiency, clinical signs may  include
verweight or obesity [21], growth retardation in childhood, asthe-
ia and/or constipation, without mental retardation [16,21–23].

Isolated congenital thyroid deficiency in adulthood is rare, asso-
iating moderate symptoms with other affections depending on
he gene involved: macro-orchidism in men  with IGSF1 mutations,
entral deafness with TBL1X mutations, etc.

.1.4. Corticotropic deficiency
Clinical signs are non-specific: asthenia, both physical and

sychological, particularly in the morning, with reduced muscle
trength (sometimes atrophy or contracture) and reduced vita-
ity (which may  even lead to depression), hypoglycemia, digestive
ymptoms (weight loss, frequent abdominal pain, less frequent
iarrhea) [24]. Nausea and vomiting are frequent and secondary

o hyponatremia [25].

The phenotype may  associate obesity, pallor, or even abnormal
air pigmentation (red or brown) in the case of POMC mutation
26].
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Fig. 1. Flowchart of protocol development and recomm

3.1.5. Arginine vasopressin deficiency (AVP-D) (central diabetes
insipidus)

In adults, AVP-D is characterized by hypotonic polyuria
(> 30 mL/kg/h or > 3L/day). It is very rarely present in congeni-
tal pituitary deficiency, usually associated with a major midline
malformation or septo-optic dysplasia. Another etiology (tumor
syndrome, granulomatosis, cancer, etc.) must therefore be syste-
matically ruled out when it appears in adulthood.

3.2. Extra-pituitary clinical signs

Extra-pituitary disorders may  concern cerebral development
(holoprosencephaly, septo-optic or corpus callosum dysplasia)
[27], craniofacial development (cleft lip and palate, single median
incisor or lateral incisor agenesis, piriform sinus stenosis, choanal
atresia), or ocular development (microphthalmia, anophthalmia,

retinitis, iris or retinal coloboma) [2], depending on the mecha-
nism responsible and the time of onset during ontogenesis. Other
malformations are possible, such as skeletal anomalies (polydac-
tyly, finger agenesis), vertebral anomalies (short neck with limited
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otation of neck and head), and, much more rarely, cardiac, renal
r gastrointestinal malformations, neurosensory visual or hea-
ing disorder [2] and/or neurodevelopmental disorders of variable
ntensity [28]. Finally, hypopituitarism can be part of the symp-
omatology of various syndromes: CHARGE, Fanconi, Rieger and
allister-Hall syndromes.

.3. Confirmation of diagnosis

.3.1. Biological diagnosis
Diagnosis of hypopituitarism is based on a range of clinical, bio-

ogical, radiological and even genetic factors.

.3.1.1. Somatotropic deficiency. In case of well-demonstrated
onstitutional GH deficiency in childhood, GH deficiency is consi-

ered persistent in adulthood if IGF-I values are low (< – 2 SDS) after
iscontinuation of treatment for 1 month, or in the presence of 3
ther anterior pituitary deficiencies (high probability of persistent
HD, with no need to re-evaluate the axis).
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In other situations, GH and IGF-I plasma assay is not sufficient
to confirm or exclude diagnosis of isolated GH deficiency. Insu-
lin hypoglycemia test is the gold standard, with a GH threshold
of 5 ng/mL for BMI  < 25 kg/m2 and 3 ng/mL for BMI  ≥ 25 kg/m2. If
insulin hypoglycemia test is contraindicated, a glucagon stimula-
tion test or a test combining GHRH plus arginine is recommended. It
should be noted that glucagon testing is not informative in patients
with glucose intolerance, and that GHRH plus arginine test shows
diminished response in case of abdominal obesity [29].

3.3.1.2. Thyroid deficiency. Biological diagnosis is based on a low
free T4 level associated with a normal or low TSHus value, or, more
rarely, slightly elevated TSHus in case of hypothalamic syndrome
[30]. Interferences between fT4 and TSHus assays (drug-related, or
linked to the assay technique or a particular clinical situation) must
be taken into account [31]. In cases of suspected congenital thy-
rotropic deficiency without combined pituitary involvement, and
with no obvious phenotypic or genetic context, two  determinations
are required to confirm diagnosis. No stimulation test is required.

3.3.1.3. Corticotropic deficiency. Hormonal diagnosis is based on
cortisol and adrenocorticotropin-releasing hormone (ACTH) levels
at 8 AM.  Apart from emergency situations, cortisol level < 138
nmol/L (5 �g/dL) associated with low or normal ACTH (< 15 pg/mL)
suggests corticotropic insufficiency, whereas a cortisol level > 500
nmol/L (18 �g/dL) formally eliminates the diagnosis [32]. Howe-
ver, these thresholds should be adapted according to the assay kits
and methods used, in consultation with the hormone biochemistry
team carrying out the analysis.

Between these two threshold values, a stimulation test may
be necessary. The 250 �g synacthen test can be used: corti-
sol level < 500 nmol/L at 30 min  or 60 min  confirms diagnosis of
corticotropic insufficiency. In case of diagnostic doubt, another cor-
ticotropic stimulation test can be performed: insulin hypoglycemia
(with simultaneous evaluation of the somatotropic axis) or the
metopirone test [32].

3.3.1.4. Gonadotropic deficiency. In men, the hormonal diagnosis is
based on a low testosterone value, generally < 3 ng/mL, with low
or normal FSH and LH [11]. Inhibin B assay, a marker of Sertoli
cell damage, is not essential for positive diagnosis of gonadotropic
insufficiency, but can be suggestive, being typically very low in case
of profound deficiency.

In non-menopausal women, diagnosis is based on low or
undeterminable plasma estradiol levels and low or non-elevated
gonadotropin [11]. Estradiol must be measured with a sensitive kit
with a threshold of 10 pg/mL [33]. AMH  levels may be low or nor-
mal  in gonadotropic insufficiency, so this assay is of little diagnostic
value [34].

The GnRH stimulation test has little diagnostic value in either
men  or women, and is therefore not recommended.

If diagnosis was made in childhood, reassessment of the gonado-
tropic axis should be carried out in adulthood, after discontinuation
of sex steroids for 1 to 3 months, in case of isolated insufficiency, as
isolated gonadotropic insufficiency may  in some cases be reversible
[35].

3.3.1.5. Arginine vasopressin deficiency (AVP-D) (central diabetes
insipidus). AVP-D, previously known as diabetes insipidus, is gene-
rally diagnosed at pediatric age.

In the presence of clear suggestive clinical manifestations, the

association of hypotonic urine (< 300 mOsm/kg), hypernatremia
(> 147 mmol/L), plasma hyperosmolality (> 280 mOsm/kg) and col-
lapsed copeptin (≤ 4.9 pmol/L) indicates diagnosis of complete
AVP-D [36].
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The basal copeptin assay has emerged as a relevant biological
arker in the exploration of polyuropolydipsic syndrome, but is

nsufficient to distinguish AVP-D from primary polydipsia. When
rinary osmolality remains < 300 mOsm/kg and increases by more
han 50% after injection of desmopressin, the water deprivation
est can diagnose complete AVP-D. However, patients with partial
VP-D are difficult to distinguish from those with primary poly-
ipsia (PP), as urine osmolality can oscillate between 300 and 800
Osm/kg during the test in both situations: over the long-term,

P alters urine concentration capacity and the corticomedullary
oncentration gradient of the nephron. The copeptin assay in the
ater deprivation test has not proved to be effective in this situa-

ion. Based on copeptin determination, three tests can further
istinguish PP from AVP-D, especially when partial: arginine injec-
ion (known to stimulate AVP release), with a copeptin threshold
f 3.8 pmol/L, distinguishes AVP-D from PP with good diagnostic
erformance [37], as does glucagon injection, with a copeptin thre-
hold of 4.6 pmol/L [38]. However, these two tests do not fully
istinguish between partial AVP-D and PP. In these contentious
ases, infusion of hypertonic saline solution is debatable, as it neces-
arily requires hospitalization and close monitoring of natremia.
t is the test that best distinguishes partial AVP-D from PP (with

 copeptin threshold of 4.9 pmol/L) [39], but clinical tolerance is
oor.

.3.2. Imaging
Congenital pituitary deficiencies can be associated with a

alformative anomaly of the hypothalamic-pituitary region, in
0–100% of cases of CPHD, and more rarely in cases of isolated
ongenital GHD [40]. This anomaly may  consist in:

a hypoplastic pituitary (< 3 mm);
an ectopic posterior pituitary gland associated or not with pitui-
tary stalk interruption syndrome (PSIS: characterized by an
interrupted or thin pituitary stalk [< 1 mm]  ± anterior pituitary
hypoplasia or aplasia);
an enlarged homogeneous pituitary gland;
an empty sella turcica;
septo-optic dysplasia, defined by the association of at least 2 of
the following disorders: optic nerve hypoplasia, midbrain ano-
maly in the form of absence of the septum pellucidum and/or of
corpus callosum.

PSIS can result in an anterior pituitary deficit and moderate
yperprolactinemia, secondary to the disappearance of inhibitory
opaminergic tonus. Growth hormone deficiency may  be complete,
artial, isolated or associated with other deficits [41–45].

Empty sella syndrome is a separate entity, often revealed as inci-
entaloma. In adults, it is defined as herniation of the subarachnoid
paces into the sella turcica and is associated with pituitary deficit
n 20–30% of cases [46,47].

On MRI, absence of physiological posterior pituitary T1 hyper-
ntensity does not contribute to AVP-D diagnosis, being absent in
0% of healthy individuals.

In cases of gonadotropic deficiency, MRI  can be used to assess
lfactory bulb abnormalities. Patients with Kallmann syndrome
KS) usually present with unilateral or bilateral olfactory bulb
genesis, olfactory tract agenesis and/or gyrus malformation asso-
iated with anosmia/hyposmia. However, a few KS patients have
ormal olfactory structures despite clinically confirmed anosmia
48,49].

Other intracranial anomalies may  be associated: agenesis of

he olfactory bulbs and/or olfactory tract, holoprosencephaly, schi-
encephaly, heterotopia, Arnold-Chiari malformation, cerebellar
alformation, persistent craniopharyngeal canal, microphthalmia,

ypothalamic hamartoma.
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Identification of a structural abnormality of the hypothalamic-
pituitary region and/or of the brain, optic or olfactory structures
provides strong diagnostic and etiological evidence. However, nor-
mal  MRI  findings do not rule out diagnosis of hypopituitarism.

3.3.3. Genetic diagnosis
In the absence of a specific syndromic form or previously docu-

mented familial form, it is advisable for the index case to undergo
genetic analysis of a panel of the most prevalent genes, using next-
generation sequencing (NGS). These analyses may  be completed
or preceded by CGH array study, particularly in syndromic forms.
When all these analyses are negative, it is possible to continue
investigations with whole-genome sequencing and trio analysis
(index case + parents).

There are more than 30 genes involved in the causes of pituitary
deficiency, whether isolated or combined, syndromic or not [2,50].

The performance of genetic analysis is strongly affected by whe-
ther the deficiency is familial or sporadic, isolated or multiple, and
by the presence or absence of extra-pituitary malformations (syn-
dromic or non-syndromic forms). In two large international cohorts
of CPHD and IGHD, a genetic cause was identified in between 7%
and 10% of cases [2,51]. This percentage varies from 2.6% in spo-
radic cases to 29.5% in familial cases, and from 3.8% in syndromic
forms of CPHD to 12.5–17% in non-syndromic forms.

Genetic analysis is useful for guiding monitoring.

3.3.3.1. Non-syndromic forms.
3.3.3.1.1. Multiple deficiencies. Multiple congenital hypopitui-

tarism with normal MRI  is linked to mutations in genes affecting
transcription factors involved in pituitary terminal ontogeny. Gene-
tic causes are rarely identified, except in familial cases.

Mutation in PROP1 is the most frequently identified genetic
etiology of non-syndromic CPHD, the frequency of which varies,
up to 17% of cases, according to geographical origin [2,51]. Pitui-
tary deficits may  initially be isolated or dual, and later become
complete (GHD, TSHD, LH/FSHD, and PRLD). Onset of ACTHD is
inconstant (40%) and unpredictable (sometimes only in adulthood),
requiring prolonged and regular follow-up. PROP1 mutations can
induce pituitary hypertrophy, which must be differentiated from
adenoma. Other currently known genetic causes of CPHD are rarer:
POU1F1, LHX3, LHX4, TBX19, GH1 gene mutations (non-exhaustive
list) (Table 1).

3.3.3.1.2. Isolated deficit. Isolated non-syndromic congenital
hypopituitarism is most often linked to an abnormality of the gene
concerned, or of the elements regulating expression of the gene.

3.3.3.1.2.1. Isolated growth hormone deficiency (IGHD). IGHD is
classified according to mode of inheritance into 3 types: type I
(autosomal recessive), type II (autosomal dominant) and type III (X-
linked). Mutations in the growth hormone gene (GH1) are the most
frequent (three-quarters of cases with genetic diagnosis: i.e., up to
5.5% of cases) [51]. In fewer than 10% of cases, GH1 mutations are
associated with other deficits [51]. Mutations in the GH-releasing
hormone receptor gene (GHRHR) are the second most common
cause of IGHD, with autosomal recessive inheritance (IGHD type
I). Other identified genetic causes are rare (GHSR) or exceptional
(RNPC3).

Sometimes GHD sets in before other deficits through muta-
tions in genes causing CPHD: usually PROP1,  exceptionally POU1F1
[52,53]. X-linked IGHD through SOX3 mutation results in intel-
lectual disability of variable degree, ectopic posterior pituitary
syndrome or, rarely, other deficits (CPHD) [50,54].

3.3.3.1.2.2. Isolated thyroid deficiency. The primary genetic

cause appears to be mutations in IGSF1 [55], causing a constant thy-
rotropic deficit of variable intensity. Sometimes other deficits (GH,
PRL, ACTH) are associated, which are often reversible. Associated
signs are constant macro-orchidism in men  and ovarian cysts in
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omen. Isolated thyroid deficiency in adults is mainly caused by
utations in the TRHR gene. In men, the association of central hypo-

hyroidism and deafness should suggest diagnosis of an X-linked
BL1X mutation [21]. TSHB mutations are very rare [16].

3.3.3.1.2.3. Isolated adrenocorticotropic hormone deficiency (IAC-
HD). TBX19 mutations cause 20–40% of isolated corticotropic
eficits [2]. Diagnosis is usually neonatal, but sometimes later. The
amilies often have a history of neonatal death.

NFKB2 mutations can induce IACTHD, often associated with a
ariable common immune deficiency [56].

3.3.3.1.2.4. Isolated congenital hypogonadotropic hypogonadism
ICHH). The genetics of ICHH, with anosmia (KS) or without anos-

ia  (normosmic, CHHn) is characterized:

by great genetic heterogeneity, with more than 35 genes iden-
tified as involved in neuronal development and migration or
gonadotropic signaling;
by a great diversity of monogenic or oligogenic modes of trans-
mission [57].

There are a dozen more prevalent genes for which association
ith CHH has been validated with a high-level of evidence [11],

ncluding KAL1/ANOS1, specific to X-linked recessive KS, FGFR1,
ROKR2,  PROK2,  responsible for both KS and CHHn, and the CHHn-
pecific genes GNRHR, GNRH1, KISS1R,  KISS1, TACR3,  TAC3.

.3.3.2. Syndromic forms. The presence of extra-pituitary signs
arrants a clinical genetic consultation for an appropriate etiologi-

al approach (specific analysis, CGH array or NGS panel, depending
n clinical orientation).

In hypopituitarism associated with PSIS, genetic causes are
iverse and rarely identified (< 10%) [58,59]. The most frequent
enetic cause is currently linked to GLI2 mutations [51] or excep-
ionally LHX4, HESX1,  SOX3, PROKR2 mutations.

GLI2 mutations are implicated in IGHD or CPHD with PSIS, alone
r associated with polydactyly, cleft lip and palate or other manifes-
ations, or hypomorphic forms of holoprosencephaly. Expression is
xtremely variable for the same genotype (IGHD or CPHD with or
ithout polydactyly) and penetrance is incomplete, at 30–80% [60].
are cases of mutations in the FGF pathway (FGF8 and FGFR1)  may
lso be associated with CPHD or IGHD with PSIS [61,62].

In case of ocular malformation, OTX2 mutations are major causes
f IGHD or CPHD with PSIS and ocular signs of varying severity,
icrophthalmia/anophthalmia [2]. More rarely, SOX3 mutations

re found. HESX1 mutations were reported to be associated with
OD with IGHD or CPHD [2].

The involvement of PROKR2 mutations in PSIS with CPHD is cur-
ently debated [63]. The lack of genotype-phenotype correlation
uggests oligogenic inheritance [64].

Hypopituitarism may  be secondary to hypothalamic dysfunc-
ion, and notably alterations in the Sonic Hedgehog pathway, with
eurodevelopmental disorders (GLI2, SHH, FGF8), or severe gene-
ic obesity (Prader-Willi syndrome, Bardet-Biedl syndrome, Cohen
yndrome, POMC,  LEP,  LEPR mutations). In the latter case, the gene-
ic approach relies on specific gene panels [65].

.4. Screening for comorbidities

Malformations related to developmental abnormalities of the
ypothalamic-pituitary region during embryogenesis explain the
eed for a systematic work-up in search of extra-pituitary ano-
alies in case of multiple pituitary deficiency or syndromic forms.

eurodevelopmental disorders are most frequently observed when
ssociated cerebral anomalies are seen on MRI  [28]. Epilepsy is
are. Ophthalmological disorders, present in 10 to 20% of cases,
re highly variable [66]. Coloboma is a closure anomaly that can
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Table  1
Main genes involved in congenital pituitary deficiencies (non-exhaustive).

List of genes included in the
panel (HGNC international
gene nomenclature)

Transcript of
interest (NM)

Transmission Pathology (in order of
frequency)

Frequently associated extra-pituitary disorders (not
exhaustive)

FGF8 NM 033163 AD, AR Other, CPHDS, IGHDS Midline anomalies: holoprosencephaly, DSO, cleft lip and
palate, oligodontia

FGFR1 NM 023110 AD Other, CPHDS, IGHDS Midline anomalies: holoprosencephaly, DSO, cleft lip and
palate, oligodontia

GH1 NM 000515 AD, AR IGHDNS, CPHDNS The presence of extrapituitary anomalies should raise
suspicion of another associated variant

GHRHR NM 000823 AR IGHDNS The presence of extrapituitary anomalies should raise
suspicion of another associated variant

GHSR  NM 198407 AR, AD IGHDNS The presence of extrapituitary anomalies should raise
suspicion of another associated variant

GLI2  NM 005270 AD Other, CPHDS, IGHDS Midline anomalies: holoprosencephaly, PSIS, cleft lip and
palate, postaxial polydactyly, dysmorphia

HESX1  NM 003865 AR, AD Other, CPHDS, IGHDS Cerebral anomalies (Chiari, hydrocephalus, craniostenosis,
microcephaly, cerebellar atrophy, corpus callosum
anomaly, interventricular septum, turcic region
anomalies[PSIS, SOD, sella turcica hypoplasia]),
ophthalmological (optic nerve hypoplasia/chiasma
malformation/blindness/amblyopia/coloboma), and
extracerebral (heart disease, dental agenesis,
syringomyelia.  . .)

IGSF1 NM 001555 X ITSH, CPHDNS Macro-orchidism
LHX3 NM 178138

NM 014564
AR, AD CPHDS Cerebral anomalies (corpus callosum agenesis, deafness)

and extra-cerebral anomalies (neck rotation anomaly
without vertebral malformation, renal dystrophy)

LHX4  NM 033343 AD CPHD, CPHDNS, IGHDS Cerebral anomalies (Chiari, corpus callosum hypoplasia,
sella turcica hypoplasia, cerebellar tonsils, epilepsy) and
extracerebral anomalies (coloboma, aortic coarctation)

NFKB2 NM 001322934.2 AD CVID10, and IACTHD Common variable immune deficiency
OTX2  NM 021728 AD Other, CPHDS, IGHDS Ophthalmological abnormalities (anophthalmia or

microphthalmia, retinal abnormalities, optic nerve
atrophy), neurodevelopmental disorders

POU1F1 NM 001122757
NM 000306

AR, AD CPHDNS, IGHDNS The presence of extrapituitary anomalies should raise
suspicion of another associated variant.

PROKR2 NM 144773 AR, AD Other, CPHDS, IGHDS Cerebral abnormalities (PSIS, anosmia, arachnoidocele)
PROP1  NM 006261 AR CPHDNS, IGHDNS,

CPHDNS
The presence of extrapituitary anomalies should raise
suspicion of another associated variant

RNPC3 NM 017619 AR IGHDNS The presence of extrapituitary anomalies should raise
suspicion of another associated variant

SOX2  NM 003106 AD Other, CPHDS Ophthalmological anomalies (anophthalmia or
microphthalmia, short palpebral fissures, optic nerve
hypoplasia), cerebral anomalies (microcephaly, corpus
callosum anomaly, hypothalamic hamartoma,
neurodevelopmental disorder, deafness), and
extracerebral anomalies (dysmorphia, dental anomaly,
esophageal atresia)

SOX3 NM 005634 X Other, IGHDNS, IGHDS,
CPHDS

Cerebral abnormalities (SOD, neurodevelopmental
disorder)

TBX19  NM 005149 AR IACTHD, CPHDNS The presence of extrapituitary anomalies should raise
suspicion of another associated variant

TRHR  NM 003301 AR ITSHD The presence of extrapituitary anomalies should raise

SHD 
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TSHB  NM 000549 AR IT

affect the iris, lens, choroid, macula, and optic nerve. It may  be
accompanied by microphthalmia and, in severe forms, be respon-
sible for functional impairment. In cases of optic nerve damage,
vision is compromised. Nystagmus may  be a symptom of bilateral
visual impairment (severe bilateral coloboma, optic hypoplasia) or
a symptom of oculomotor anomaly. Midline craniofacial anoma-
lies include bulging forehead, hypertelorism, midface hypoplasia
(empty nose syndrome of variable intensity, nasal malformation,
choanal stenosis or atresia, piriform orifice stenosis), cleft lip, cleft
palate, palatal anomaly, dental agenesis, single median incisor,
helix anteversion, deep philtrum and thin upper lip, and short chin.
Cleft lip and palate can have an impact on speech quality. Hea-

ring loss may  be associated with congenital pituitary deficiency [2].
Lastly, the presence of associated malformations may  help to iden-
tify syndromic features such as CHARGE syndrome (heart disease, m

o

332
suspicion of another associated variant
The presence of extrapituitary anomalies should raise
suspicion of another associated variant

eafness, hemivertebrae, etc.), KS (anosmia, renal hypoplasia in
 male), Webb-Dattani syndrome (hydronephros) or Culler-Jones
yndrome (post-axial polydactyly).

Hypothalamic dysfunction may  be at the root of pituitary insuf-
ciency, and include more severe neurometabolic impairment:
evere obesity due to impaired satiety and basal metabolic rate,
ypothalamic adipsia with neurogenic hypernatremia, respiratory
r thermal neurovegetative disorder, behavioral disorder.

. Therapeutic management
The management, treatment, and follow-up of these patients
ust be explained and carried out within an expert center. The

bjectives are to correct symptoms and to prevent complications
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and acute decompensation, and to optimize social and occupational
integration.

4.1. Hormone replacement

4.1.1. Growth hormone deficiency (GHD)
Adult GHD is associated with a number of negative conse-

quences that explain indications for replacement therapy in
adulthood, after other deficiencies have been corrected. The main
signs associated with GHD are asthenia, reduced muscular perfor-
mance and muscle mass, impaired quality of life, changes in body
composition to the lack of lean relative to fat mass, osteopenia or
osteoporosis, increased cardiovascular risk due to lipid abnormali-
ties and insulin resistance, and cardiac alterations [67]. However,
the reported efficacy of GH treatment in adults in the context of
congenital deficiency is limited [68,69]. It should be noted that, in
untreated multiple pituitary deficiencies, there is sometimes still
no growth plate fusion in adulthood when GH treatment is initia-
ted, which can result in a gain in height that is sometimes significant
[70,71].

In case of well-documented constitutional GHD in childhood,
GHD may  be considered as persisting into adulthood, without the
need for further dynamic investigations (see Diagnosis section).
In such cases, treatment is continued with gradual dose reduction
according to IGF-I values. In the absence of contraindications, GH
treatment may  be started at an initial dose of 0.2 to 0.4 mg/day in
adult patients under 60 years of age, or 0.1 to 0.2 mg/day after 60
years of age. Dose is adjusted to maintain IGF-I values between the
mean and upper limit of normal for age and gender.

4.1.2. Thyroid deficiency
The goal is to have fT4 in the upper range of the reference

values, 6 to 8 weeks after starting treatment or changing dose.
Replacement may  be considered insufficient in case of normal
fT4 and TSH > 1 mU/L [72]. Practice shows that patients are liable
to be under-dosed [73]. In adults, a weight-adjusted dose of
1.5–1.6 �g/kg/d was shown to improve metabolic parameters and
markers of peripheral thyroid hormone impregnation [74–76]. In
case of cardiovascular comorbidity, a lower dose, between 1 and
1.2 �g/kg/d, is recommended [17]. In patients over 75 years of age
with fT4 at the lower limit, indications for treatment are discus-
sed [77]. Certain situations, such as pregnancy or treatment with
growth hormone or estrogen, require higher dosage.

4.1.3. Gonadotropic deficiency
Management and treatment of gonadotropic efficiency must be

proposed, implemented and monitored by specialized endocrino-
logists in an expert center.

In case of late management of an impubertal young woman
whose final size is no longer an issue, treatment with 17 �-estradiol
by oral or transdermal route should be increased progressively
more rapidly than in adolescents, to allow her to acquire secon-
dary sexual characteristics [78]. Transdermal or oral estradiol has
the same impact on metabolic parameters (bone mineralization,
BMI, and lipid and blood glucose levels) [79]. After the induc-
tion period, or immediately in the case of partial deficiency with
breast development, progestin therapy is combined with estrogen
therapy, usually for 10 days per month, as exposure to estrogen
alone induces a long-term risk of endometrial cancer. This combi-
ned treatment may  be sequential or continuous, depending on the

patient’s choice [78]. In the absence of contraindications, estrogen-
progestin contraception can be used.

Two therapeutic options can be proposed to induce puberty in
an impubertal adult male in case of late management:
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treatment with androgens (usually intramuscular testosterone)
in increasing doses up to an adult dose (250 mg/15 – 28d) [80,81];
treatment with gonadotropins or GnRH pumps, stimulating both
testicular Leydig and Sertoli functions.

This treatment leads to testicular growth, progressive androge-
ization and, ultimately, spermatogenesis [82]. The latest data in
he literature suggest that an initial treatment of 2 to 4 months’
SH alone before starting hCG therapy improves subsequent ferti-
ity [83,84] with shorter treatment required to obtain spermatozoa
85,86].

Maintenance treatment with androgens is then lifelong, unless
here are any contraindications, urological or cardiological in par-
icular. Testosterone is used in various forms, with availability
arying according to country:

intramuscular: enanthate, at variable doses and frequencies;
undecanoate, with more widely spaced injections (10–14 weeks);
oral: undecanoate;
transdermal: testosterone gel.

.1.4. Corticotropic deficiency
The aims of glucocorticoid replacement are:

to correct the symptoms of cortisol secretion insufficiency;
to ensure optimal quality of life;
to avoid chronic overdosage, which can generate excess morbi-
dity and mortality;
to prevent onset of acute adrenal insufficiency, which can result
from underdosing, poor compliance or failure to adapt to an acute
situation.

Hydrocortisone is used in first-line. Treatment is lifelong in
ll cases of constitutional corticotropic deficiency. First-generation
ong-acting glucocorticoids (prednisolone, dexamethasone) should
nly be used on expert advice if hydrocortisone is not sufficiently
ffective due to its short-acting pharmacokinetics. Second-
eneration sustained-release glucocorticoids are not covered by
ealth insurance in France. The hydrocortisone replacement dose
hould be as low as possible, to avoid the excess cardiovascular
nd infectious morbidity and mortality, bone damage and impai-
ed quality of life associated with chronic glucocorticoid overdose.
ortality correlates positively with total daily hydrocortisone dose

nd dose/weight ratio [87]. In adults, a dose of 10–20 mg/d is recom-
ended, divided into 2 or 3 doses, with the highest in the morning.

ublished studies showed no superiority between 2- or 3-dose daily
egimens regarding quality of life [88].

.1.5. Arginine vasopressin deficiency (AVP-D) (central diabetes
nsipidus)

Arginine vasopressin deficiency (AVP-D) is often quite well tole-
ated if water intake is sufficient, freely available and the sensation
f thirst is preserved. If this is not the case, there is a major and rapid
isk of dehydration and even collapse. Treatment is based on des-
opressin, which has an 8-hour duration of action. It is available

s an injectable solution (IV, IM,  SC), nasal spray or oral lyophili-
ate for sublingual administration. In adults, the usual doses are 1
o 2 �g 1–2 times a day for the injection, 5 to 20 �g 2–3 times a day
or the endonasal route (spray), and 60 to 120 �g 2–3 times a day

or the lyophilisate. The risk of hyponatremia appears to be lower
ith sublingual than intranasal forms [89–91]. This treatment is
sually started at a low dose then gradually increased according to
he input-output balance.
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4.1.6. Prolactin deficiency
There is no treatment for prolactin deficiency.

4.2. Emergency management

4.2.1. Acute adrenal insufficiency
The main risk of corticotropic insufficiency is acute decompen-

sation during an episode of somatic stress. The incidence of acute
adrenal insufficiency is between 6 and 8.3 episodes per 100 adult
patients per year, whether corticotropic or peripheral, with morta-
lity still estimated in 2015 at 0.5 per 100 patients per year [92]. Signs
suggestive of acute adrenal insufficiency include intense fatigue,
nausea or vomiting, abdominal pain, hypoglycemia, hypotension,
dehydration and, at the biological level, hyponatremia and hyper-
kalemia.

In situations of acute adrenal decompensation, treatment
should be initiated as soon as the diagnosis is suspected,
without waiting for biological confirmation [8]. A dose of 100 mg
hydrocortisone hemisuccinate should be administered by intra-
venous or intramuscular injection, immediately followed by
continuous intravenous infusion of hydrocortisone hemisuccinate
(100 mg/24 h) or by intravenous or intramuscular bolus every 6 h
[93]. Onset of hyponatremia during corticotropic decompensation
is mainly linked to inappropriate secretion of the anti-diuretic
hormone ADH, which is corrected by hydrocortisone. The admi-
nistration of isotonic saline is reserved for situations of significant
digestive loss or hemodynamic disorder. Hypoglycemia is rarely
observed in adult corticotropic failure and should be treated with
intravenous infusion of 10% glucose serum. Treatment should be
adapted to the clinical and biological parameters (blood glucose
and natremia) should be monitored closely. Hydrocortisone should
be administered orally after symptoms have disappeared and the
patient has resumed eating, at double or triple usual dose, in 3 doses
per day, then gradually reduced to the usual dose over a few days.

Prevention of acute adrenal insufficiency requires patients to
increase their daily dose of hydrocortisone in case of acute inter-
current illness, infection, traumatic or psychological stress, intense
physical exercise, surgery or anesthesia. A dose of 60 mg  hydrocor-
tisone should be divided into 3 to 4 oral intakes during the day in
stressful situations. In the absence of clinical improvement, or in the
presence of vomiting preventing absorption of oral hydrocortisone,
an injection of 100 mg  hydrocortisone hemisuccinate should be
made intramuscularly or subcutaneously, by the patient or a nurse
[94]. Prevention also includes therapeutic education for patients
and families, with the following objectives:

• to be aware of situations at risk of decompensation;
• to be familiar with protocols for adapting glucocorticoid replace-

ment in situations of medical and surgical stress;
• to carry an adrenal insufficiency card;
• to know under what circumstances and how to perform an

intramuscular or subcutaneous injection of hydrocortisone if
necessary (vomiting, malaise, decompensation not manageable
by increasing oral treatment, etc.).

4.2.2. Arginine vasopressin deficiency
4.2.2.1. Risk of hyponatremia. Signs of water intoxication (hea-
dache, nausea, confusion, convulsions) should be explained to the
patient and people around him/her. They may  occur as a result of

therapeutic overdosage, excessive drinking, drug interference (par-
ticularly non-steroidal anti-inflammatory and psychotropic drugs)
or inappropriate infusion. If they occur, treatment should be dis-
continued until polyuria returns.
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Natremia should be particularly monitored in cases of uncom-
ensated corticotropic insufficiency or dilated urinary tract
asking polyuria.

.2.2.2. Risk of hypernatremia. In the event of dehydration, urgent
reatment with intravenous glucose serum or pure water, possibly
ia gastric tube, may  be combined with injectable desmopressin.
iuresis, input/output balance, weight and natremia should be
onitored on a multi-daily, then daily, basis.
In these situations, however, it is very important not to correct

he natremia too quickly (less than 12 mmol/24 hrs), in order to
void wide fluctuations and secondary morbidity and mortality.

Hypernatremia is mostly encountered in cases of associated
dipsia [95]. In this case, the use of a portable natremia moni-
oring device (i-STAT analyzer: www.pointofcare.abbott) and a
atremia-based water administration scale are useful tools. Weight
onitoring is an important element of monitoring [96].

.3. Therapeutic patient education (TPE)

TPE must be offered to patients and their families to help them
nderstand their condition, comply with treatment, manage emer-
ency situations safely, optimize social integration, and improve
he quality of life of patients and their families.

. Follow-up

.1. Frequency and content of consultations

Endocrinology consultations should be scheduled regularly,
very 6 months to 1 year.

Through questioning, clinical examination and paraclinical
ests, the physician assesses correct substitution of all axes.
omplications and comorbidities are investigated. The patient’s
nderstanding of their disease and treatment, as well as what to
o in emergency situations, must be assessed during consulta-
ions, with a therapeutic education approach whenever possible.
he patient’s lifestyle, social relationships and psychological state
re also assessed.

.2. Adapting hormone supplements

.2.1. Somatotropic deficiency
After initiation of treatment, monitoring is recommended after

–2 months and then every 6 months. GH doses are adjusted to
aintain IGF-I values between the mean and the upper reference

imit, and to avoid any side effects associated with overdosing
headache, edema, arthralgia or carpal tunnel syndrome). Epide-

iological data show no increase in the risk of type 1 or type 2
iabetes [97]. Nevertheless, it remains standard practice to mea-
ure glycemic control by means of blood glucose and HbA1c levels
efore and during treatment. Except in high-risk situations such as
besity or acanthosis nigricans, glucose tolerance test is not recom-
ended. It is important to detect the patient’s fear of side effects

nd understanding of treatment benefits, to encourage compliance.
H replacement therapy does not increase the risk of long-term
orbidity and mortality in patients treated for constitutional defi-

it [98].

.2.2. Corticotropic deficiency
It is recommended that monitoring of glucocorticoid replace-
ent be based on well-being, looking for clinical signs of over- or
nder-dosage [99]. The dose of hydrocortisone should be adapted
o weight and symptoms, and its distribution over the day should
e adapted to symptomatology.

http://www.pointofcare.abbott/
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Chronic hydrocortisone overdose induces overweight, skin fra-
gility, high blood pressure, increased risk of metabolic syndrome
and cardiovascular (and particularly cerebrovascular) risk, leading
to reduced life expectancy.

Conversely, hydrocortisone underdosing induces symptoms of
adrenal insufficiency (asthenia, anorexia, weight loss, muscular
pain or difficulty in practicing sports, and sleep disorder) and
increases the risk of acute adrenal decompensation.

The use of quality of life scales, and in particular the AddiQol
questionnaire, which has been validated in several countries, has
been advocated to assess the adaptation of glucocorticoid replace-
ment therapy in adults [100].

Biological markers, such as plasma cortisol measured after
hydrocortisone intake, should not be used routinely, but could be
useful in cases of suspected inappropriate glucocorticoid replace-
ment [99].

5.2.3. Thyroid deficiency
Monitoring 6–8 weeks after starting treatment and after each

change in dose is recommended, with the aim of achieving fT4 at
the upper end of the normal range and TSH < 1 mIU/L. Initial moni-
toring may  include fT4 and TSH measurements, then annual fT4
monitoring is sufficient. If growth hormone or estrogen therapy is
introduced or discontinued, monitoring should be carried out.

5.2.4. Gonadotropic deficiency
During androgen maintenance therapy in adult males, regular

clinical and biological monitoring is recommended (including tes-
tosteronemia, CBC and PSA in men  over 55) as well as monitoring
of bone densitometry [101].

In women, regular gynecological check-up is recommended.

5.2.5. Arginine vasopressin deficiency
The aim is to achieve normal diuresis in terms of volume and

frequency, with at least one sufficient urination between 2 doses.
In the absence of diuresis between 2 doses, the patient should post-
pone or cancel desmopressin intake. The main monitoring factors
are diuresis and thirst, a rapid reflection of hydration status. A
blood ionogram should be carried out at least every 6 months, if
necessary combined with a urine osmolarity assay before taking
desmopressin.

5.3. Monitoring other routes

Pituitary hormone deficiencies may  be present from the outset,
or appear secondarily. Clinical and biological evaluation of other
axes, and notably the corticotropic axis, must therefore be regu-
lar during follow-up, including in adulthood. Screening for other
deficits may  be guided by the genetic cause, if identified.

5.4. Management of complications and/or comorbidities

5.4.1. Neurocognitive disorders
The occurrence of these complications depends on severity and

possible delay in diagnosis, occurrence of deep and/or repeated
hypoglycemia in early childhood, and any associated malforma-
tion [102]. In young adults, neuropsychological assessment should
be carried out if necessary, with the aim of helping them to achieve
maximum autonomy.
5.4.2. Visual impairment
An ophthalmological examination must be carried out syste-

matically at the time of diagnosis, and appropriate care must be
offered according to the situation (optical correction, surgical treat-
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ent, referral to low-vision referral centers and associations for the
isually impaired).

.4.3. Ear, nose and throat (ENT) disorders
Treatment is carried out by an ENT specialist with appropriate

earing aids in case of hypoacusis and referral for odontologic treat-
ent in case of associated dental malformation.

.4.4. Metabolic and cardiovascular complications
Rates of metabolic syndrome and cerebrovascular events are

igher in case of multiple pituitary involvement, and especially of
nadequate replacement [103].

.4.5. Bone complications
A decrease in bone mineral density, depending on the dura-

ion, age at onset and severity of the deficit, is very common in
dults with hypopituitarism [104]. Hydrocortisone overdose is also

 risk factor. Assessment of bone health is therefore essential, with
articular attention paid to the risk of vertebral fracture.

Recommendations comprise:

checking for adequate calcium and vitamin D intake;
encouraging regular physical activity;
detecting osteopenia by bone densitometry at the first adult
consultation, then every 5 years if there are no abnormalities.
More frequent check-ups should be scheduled in the event of
decreased BMD, and contributing factors should be screened for:
poor compliance with hormone replacement therapy, alcohol
abuse and/or smoking;
explaining the importance of continuing hormone replacement
therapy in women under oral contraception, at least until the
physiological age of menopause (50), to prevent risk of osteopo-
rosis.

. Patient support

.1. Psychological care

Psychological support is often necessary, and is appropriate for
ndividual patients at different stages. Particular attention must be
aid to the psychological experiences of those around the patient.

.2. Social and occupational integration

Cognitive repercussions of the pathology are possible, and can
ometimes lead to difficulties in social integration. The interven-
ion of a social worker or even an occupational physician may  be
ecessary.

.3. Recourse to patient associations

All healthcare professionals and patients should be aware of
he existence of patient associations involved in these diseases. In
he field of rare diseases, they help create links between patients,
hare experiences and information, and promote acceptance of the
isease. They can also help improve patient care by providing infor-
ation on recognized care networks (expert centers).

. Special situations

.1. The transition
Patients with somatotropic insufficiency, including those with
ctopic posterior pituitary gland (possibly reversible deficit),
hould be reassessed hormonally for somatotropic function after
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the end of growth. First, IGF-I is measured, and, if IGF1 is ≤ 2 �, a
stimulation test using insulin hypoglycemia is performed (or glu-
cagon stimulation test or a test combining GHRH plus arginine if
insulin hypoglycemia is contraindicated). However, this reassess-
ment is not necessary in case of multiple involvement (≥ 3 pituitary
lineages affected) or severe congenital pituitary deficiency, or of
pituitary deficiency related to an identified genetic cause and/or to
a cerebral or craniofacial midline anomaly [105]. In the event of per-
sistent somatotropic insufficiency, resumption of GH replacement
therapy is recommended. In some cases of reversible somatotro-
pic insufficiency, long-term follow-up with reassessment a few
years later may  be necessary. This is particularly important if IGF-I
remains within the lower limit of normal (between −1 and −2 �)
under correct nutritional conditions, or if there is an ectopic poste-
rior pituitary gland or pituitary stalk interruption, as one or more
hormonal insufficiencies may  occur at a later stage.

In the case of substituted isolated gonadotropic insufficiency,
the gonadotropic axis should be reassessed after the end of puberty,
after stopping sex steroids for 1 to 3 months, as isolated gonado-
tropic insufficiency may  in some cases be reversible [84].

Reassessment of thyroid function may  be necessary after dis-
continuation of GH therapy, if thyroid insufficiency was  diagnosed
after the introduction of GH.

7.2. Fertility and pregnancy

Genetic counseling is necessary when the genetic abnormality
involved in anterior pituitary insufficiency is known.

7.2.1. In men
Prior spermogram assessment of spontaneous spermatogene-

sis should be proposed. Treatment to stimulate spermatogenesis
is most often based on gonadotropins administered by subcuta-
neous self-injection [106] or, more rarely, GnRH pumps [107]. The
treatment of choice is currently based on FSH and hCG [107].
hCG is the same molecule as LH, but is preferred for therapeu-
tic purposes because of its greater efficacy and longer half-life
[108]. Monotherapy with hCG can restore spermatogenesis in men
with partial congenital hypogonadotropic hypogonadism (CHH)
with testicular volume > 4 mL,  but this treatment, even prolonged,
is generally ineffective in complete CHH and/or when testicular
volume is < 4 mL  [109]. These protocols allow spermatozoa to be
obtained in the ejaculate in 75% of cases [107] after 3 to 19 months’
treatment [109]. In patients with a history of cryptorchidism, prog-
nosis is poorer and treatment time may  be longer [110].

Administration of exogenous testosterone before stimulating
spermatogenesis has no adverse effect on fertility prognosis, accor-
ding to a recent meta-analysis [107].

Regular clinical monitoring is required (testicular volume in
particular) as well as monitoring of biological parameters (LH,
FSH, total and bioavailable testosterone, inhibin B) and sperm
parameters. Treatment to stimulate spermatogenesis is generally
continued until the 2nd trimester of the partner’s pregnancy in
the event of spontaneous miscarriage. Once spermatogenesis has
been achieved, sperm cryopreservation should be proposed, before
resuming androgen replacement therapy.

7.2.2. For women
It is important to bear in mind that AMH  levels are underesti-

mated in cases of CHH. As such, it is not a good marker of ovarian
reserve in CHH.

If the CHH is partial, the first-line treatment is clomiphene

citrate. If the hypogonadism is complete, it is advisable to induce
folliculogenesis by administering a gonadotropin treatment com-
bining LH and FSH. When hypogonadism is of hypothalamic origin,
nutritional and psychological management is advisable before star-
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ing treatment with a GnRH pump. This treatment is implemented if
MI  is ≥ 18.5 [111]. The cumulative pregnancy rate following induc-
ion of folliculogenesis in CHH ranged from 47% to 100%, depending
n the study [112]. The rate of twin pregnancies is no higher than for
timulation in another context (e.g., polycystic ovary syndrome).

There are few published series including patients with HH com-
ined with other anterior pituitary deficiencies, treated in the
ontext of a desire for pregnancy:

in cases of thyrotropic deficiency, a 30% increase in thyroid hor-
mone dosage is recommended as soon as pregnancy is diagnosed.
Free T4 should be measured every 4 to 6 weeks [113];
in case of corticotropic deficiency, the dose of hydrocortisone
should be increased by 30% during the 3rd trimester of pregnancy,
and an injection of hydrocortisone 100 mg  should be made at
delivery. It is not recommended to measure cortisol levels during
pregnancy, as they are physiologically high [114];
in case of known GH deficiency in childhood, the probability of
pregnancy is somewhat lower than in HH without GH deficiency
[115]. It is not necessary to maintain GH treatment during pre-
gnancy [116]. In case of known GH deficiency after childhood, a
higher rate of placental dysfunction may  be expected, but data
concerned small samples;
in case of lactotropic deficiency, breast-feeding is generally not
possible. The patient must be informed of this;
in AVP-D, desmopressin treatment may  need to be increased
during the first trimester of pregnancy. Desmopressin is not
degraded by placental vasopressinases.

Few studies have evaluated the route of delivery in CHH. The
-section rate was  high in the series published to date.

.3. The elderly (> 60–65 years)

.3.1. In case of thyrotropic deficiency
A reduction in levothyroxine dose should be considered in

lderly patients, particularly if there are associated cardiovascular
athologies, or if free T4 values are above or close to the upper limit
f normal. The dose usually recommended is lower in the elderly:
etween 1.0 and 1.2 �g/kg/d [17].

.3.2. In case of corticotropic deficiency
There are no specific recommendations for the elderly. It is advi-

able to use the minimum dose necessary to correct symptoms
uch as asthenia and hypotension, and to maintain a normal blood
onogram. There are no indications for additional with dehydroe-
iandrosterone (DHEA) treatment due to lack of solid safety and
fficacy data in the elderly.

.3.3. In case of somatotropic deficiency
The necessary dose of GH in elderly subjects is lower than in

ounger adults and must be adapted to IGF-I levels. Some studies
eported benefit in terms of cognition, lipid balance or quality of
ife in elderly subjects [117]. However, there are few safety data in
his population, and no data for subjects over 80.

After more than 20 years’ experience with GH therapy in adults,
here are no data to suggest that this treatment increases the risk
f cancer. However, ongoing long-term surveillance and standard
ancer screening should be carried out in patients continuing this
reatment.
.3.4. In case of gonadotropic deficiency
In women, there is no indication for continuing estrogen-

rogestin hormone therapy beyond the physiological age of
enopause, at around 50. If it is continued, it falls within the scope
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of menopausal hormone therapy, for which the risk-benefit ratio
must be discussed with the patient.

In men, the continuation of age-appropriate testosterone repla-
cement therapy will be discussed in the light of cardiovascular
disease and hormone-dependent cancer. This treatment is not
associated with an increased risk of prostate cancer or benign pros-
tatic hyperplasia, but there are inconsistencies between studies.
It requires regular clinical, PSA and hematocrit monitoring. It is
contraindicated in cases of prostate cancer, breast cancer, elevated
PSA, elevated hematocrit, uncontrolled congestive heart failure, etc.
[118].

7.3.5. AVP-D
Desmopressin treatment may  require close monitoring of the

input-output balance and blood ionogram, with dose adjustment
in situations likely to lead to dysnatremia (drug interference, infu-
sion, intercurrent illness, etc.). Care must be taken to maintain free
access to water, particularly for elderly people with reduced auto-
nomy. If thirst is impaired, fixed water intake may  be necessary,
with desmopressin adapted to weight and diuresis.

8. Conclusion

The presentation of congenital pituitary deficiency is
highly variable (from isolated hormone deficiency to pan-
hypopituitarism, syndromic or non-syndromic forms). Diagnosis
of congenital forms is most often made in childhood, but may
be made in adulthood in certain cases. Genetic analysis is an
integral part of management (NGS panel with or without CGH
array with or without genomic analysis), sometimes helping to
guide long-term monitoring. Treatment is based on hormone
replacement adapted to sex and period of life (fertility, pregnancy,
old age), as well as specialized, often multidisciplinary, follow-up.
Therapeutic education of patients and their families is essential,
to prevent complications and acute decompensation, but also to
ensure optimal quality of life and social integration.
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