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ABSTRACT

The contribution of autoimmune phenomena to dysfunction of hypophysis or hypothalamus is far to be un-
raveled and also the specific pathways of hypophysitis are poorly understood until now, mostly for the pediatric
population. Primary hypophysitis is rare in children and often regarded as an autoimmune disorder, following
the evidence of lymphoplasmacytic infiltration in the pituitary gland, detection of anti-pituitary antibodies
(APA) and anti-hypotalamus antibodies (AHA) by indirect immunofluorescence on cryostatic sections of human
or primate hypophysis and hypothalamus, and coexistence with other autoimmune disorders. The rarity of this
condition and the lack of ad hoc studies make hard any assessment of the real incidence of hypophysitis in
pediatric patients, and also the role of APA and AHA has been poorly investigated in children with idiopathic
hypopituitarism. Potential target autoantigens studied in autoimmune hypophysitis have been various pituitary-
specific factors, chaperone proteins, alpha-enolase, secretogranins, chorionic somatomammotropin and in-
tracellular transcription factors. Many clinical features both endocrine and neurologic or systemic can herald the
onset of autoimmune hypophysitis. Antidiuretic hormone deficiency with central diabetes insipidus and growth
retardation are the most significant presenting symptoms in children with hypophysitis, requiring a careful
differential diagnosis with other causes of hypopituitarism, including tumors of the sellar region, differently from
adults in whom adrenal insufficiency, hypogonadism, headache or diplopia might be the leading manifestations.
Growth hormone deficiency is found in 3/4 of pediatric cases. Five histologic variants of primary hypophysitis
have been described: lymphocytic, granulomatous, xanthomatous, IgG4-related and necrotizing: lymphocytic
hypophysitis is the most frequent variant in the pediatric sceneries. Children with diagnosis of hypophysitis are
also at risk of developing germinomas later in life, and require an extended follow-up in the long-term.
Therapeutic options should be differentiated according to the rapidity of disease progression and modality of
clinical onset, as acute pictures might require corticosteroids or immunosuppressant agents, while chronic forms
may need a conservative management or appropriate hormone replacement therapies. This review updates and
summarizes the most recent information related to the autoimmune involvement of hypophysis and hypotha-
lamus in children, discusses the correlations between APA, AHA and disease activity, as well as the re-
commendations for treatment of primary hypophysitis from the pediatric perspective.

1. General concepts about hypophysitis

Hypophysitis is an acute or chronic inflammation of the pituitary
gland and is a rare cause of hypopituitarism, mimicking tumors of the
sellar region and causing hormonal deficiencies or variable mass-effect
symptoms, which require a meticulous diagnostic work-up [1]. This
inflammatory disorder may result in hypophysial and/or hypothalamic
dysfunction arising from the destruction of hypophysis or compression
of the normal residual gland by edema [2]. In general terms, the

anatomic location of pituitary involvement (adenohypophysitis, in-
fundibulo-neurohypophysitis or panhypophysitis) and its apparent
cause (primary if “isolated” or secondary if associated with medica-
tions, systemic inflammatory disorders, infections and/or other dis-
eases) consent to classify hypophysitis in patients of whatever age [3].

Primary forms of hypophysis dysfunction are characterized by in-
flammation confined to the pituitary gland, which is often idiopathic,
while secondary forms are due to inflammatory processes triggered by a
definite etiology or concomitant generalized diseases, which might be
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intracranial or systemic [4]. Five histologic variants of primary hypo-
physitis have been described: lymphocytic, granulomatous, xanthoma-
tous, IgG4-related and necrotizing [4]. Primary hypophysitis is pre-
dominant in adult females (with a female:male ratio of 6:1), but is rare
in children. and frequently regarded as an autoimmune disorder: this
hypothesis is supported by the evidence of lymphoplasmatic infiltration
of the pituitary gland, by the occurrence of anti-pituitary antibodies
(APA) and anti-hypotalamus antibodies (AHA), and by the coexistence
with other established autoimmune disorders [5-7]. No gender differ-
ence can be observed in pediatric patients with primary hypophysitis
[7]. Granulomatous, xanthomatous, IgG4-related (or plasmacytic) and
necrotizing hypophysitis have been rarely described in children up to
now. Lymphocytic forms are the most frequently encountered in pe-
diatric sceneries. The rarity of hypophysitis and lack of ad hoc studies
prevent any correct assessment of its true incidence in pediatric pa-
tients, and also the pathogenic role of APA and AHA has been poorly
investigated in children with idiopathic hypopituitarism [8,9].

In this review we have searched for papers dedicated to hypophy-
sitis in the pediatric age performing a Pubmed-based retrieval of arti-
cles using the search terms “hypophysitis”, “adenohypophysitis”, “in-
fundibulo-neurohypophysitis”, “autoimmune hypophysitis”, “anti-
pituitary antibodies”, “anti-hypotalamus antibodies”, and “hypopitui-
tarism” matched with “children”, “childhood”, and “pediatric”. After
the original search, we used filters to select articles available in English
language and articles with available full texts. The final search retrieved
95 articles, of which 11 were exclusively related to pediatric patients:
these studies were critically analyzed for the present review.

2. A complex interplay of autoimmune phenomena within the
hypothalamic-pituitary axis

Lymphocytic hypophysitis has been reported in patients affected by
other autoimmune diseases [10], such as Hashimoto's thyroiditis
[11-13], Graves' disease [14,15], Addison's disease [16], diabetes
mellitus type 1 [17], atrophic gastritis [11,18], systemic lupus er-
ythematosus [19,20], Sjogren's syndrome [21], primary biliary cir-
rhosis [22], autoimmune hepatitis [23], and autoimmune polyendo-
crine syndrome type I/autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy (or APECED) [24]. The association of lympho-
cytic hypophysitis with other autoimmune disorders is usually con-
sidered as a frank proof of an autoimmune pathogenesis for hypophy-
sitis, and indeed, according to Rose and Bona criteria [25], the
association with other diseases having a clear autoimmune nature is a
circumstantial evidence of the autoimmune etiology of the disease. In
particular, according to Rose and Bona criteria, direct evidence of an
autoimmune pathogenesis is given by the possibility to transfer the
disease to recipients by direct transfer of autoantibodies, by the trans-
placental transmission of pathogenic IgG autoantibodies from an af-
fected mother to the fetus, and by the reproduction of the autoimmune
disease in experimental animal models [25]. Further evidence is re-
presented by the association with other autoimmune diseases in the
same individual or in the same family, by the presence of lymphocytic
infiltration of target-organs, by the statistical association with parti-
cular MHC haplotypes or aberrant expression of MHC class II antigens
on the affected organs, and by the favourable response to im-
munosuppressant drugs [25]. On this way, other elements that suggest
an autoimmune pathogenesis of primary hypophysitis are improvement
of specific symptoms in response to immune suppression, presence of
APA or AHA, and lymphoplasmacytic infiltrate in the histological stu-
dies [4].

The infiltration of the pituitary gland with lymphocytes is the main
pathological feature of lymphocytic hypophysitis: in particular, lym-
phocytes can infiltrate the whole gland or organize themselves in
lymphoid follicles coexisting with plasma cells and, more rarely, whit
eosinophils, macrophages and neutrophils. This infiltration disrupts the
normal architecture of the gland and its parenchyma, which might be
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even replaced by fibrotic tissue [26]. Two distinct inflammatory pat-
terns have been identified by Guaraldi et al. [27] and Mirocha et al.
[28] for patients diagnosed with lymphocytic hypophysitis. In both, T
lymphocytes prevail over B lymphocytes with two different organiza-
tions: in the first, Th17 + lymphocytes prevail over T reg ones and in-
filtrate the gland with a higher number of macrophages, monocytes,
granulocytes and NK cells; in the second, lymphocytic infiltration is
more organized and made by CD20+ B cells surrounded by CD3+ T
cells with abundant T regs, and a pattern similar to lymphoid tissue
involved in the immune tolerant phase of chronic infections [28].

Another powerful evidence of an autoimmune etiology for primary
hypophysitis is the detection of APA and AHA, which were first re-
ported in 1965 in the sera obtained by patients with postpartum pi-
tuitary gland necrosis (also known as Sheehan's syndrome) [10]. Me-
chanisms that cause the generation of APA and AHA, usually detected
by indirect immunofluorecence (IF) on cryostatic sections of human or
monkey hypophysis and hypothalamus, could be the same involved in
other autoimmune disorders [29]: new antigens are exposed to immune
cells, which in turn activate the production of autoantibodies. In this
way, a primum movens could be an agent that determines a pituitary
damage, such as trauma, infection, vascular accident and neoplasm
(Fig. 1). However, the diagnostic sensitivity of these markers have been
judged low, as they have been detected in many inflammatory condi-
tions and even in healthy subjects [10]. Tanriverdi et al. showed that
APA and AHA were present in a group of patients with bacterial and
viral meningitis 12 months after the resolution of infection [30].
Guaraldi et al. found that APA and AHA were positive in a significant
number of adults and children with past history of head trauma [31].
De Bellis et al. detected APA and AHA in women with Sheehan's syn-
drome, indicating that they could be the cause of persistent hypopi-
tuitarism after the resolution of a previous vascular disorder [32]. All
these studies suggested that hypophysial or hypothalamic damage
might be the initial trigger contributing to the development of APA and
AHA. Anyway, the pituitary/hypothalamus damage alone cannot ex-
plain the production of APA and AHA [29]. A recent study of Chiloiro
et al. has investigated the association between the production of APA
and AHA and presence of specific HLA haplotypes. In particular, they
observed a higher incidence of HLA haplotypes typical of celiac disease
in patients with autoimmune hypophysitis [33]. The association be-
tween APA and celiac disease was also showed by Delvecchio et al.,
who detected a remarkable prevalence of positive APA-patients with a
newly diagnosed celiac disease [34]. In particular, they tested 119 ce-
liac children for APA and compared them with 98 age- and sex-matched
controls; APA were detected in 50 patients (42%), but only in 2 controls
[34]. This evidence also indicates the relevant role of a genetic pre-
disposition to promote the production of APA and AHA.

The peculiar combination of genetic predisposition, pituitary da-
mage, and immunological setting could be the basis of APA and AHA
production, though antigens recognized by APA and AHA are not well
known. Ziemnicka et al. found autoantibodies directed against the
microsomal fraction of the human pituitary gland in adults originally
diagnosed with childhood-onset deficiency of combined pituitary hor-
mones [35], detecting these autoantibodies in 24.2% of patients. Mi-
crosomes are small vesicles of different molecular mass originating
from membrane fragments of the Golgi apparatus, endoplasmic re-
ticulum and cell membranes, and in their study Ziemnicka et al. in-
dicated many different pituitary microsomal proteins with potential
immunogenic properties obtained from human autopsy 24h after
death; however, the most significant were those with a molecular mass
of 97, 67, 60, 55 and 36 kDa, respectively. The authors also compared
the molecular mass of microsomes with different proteins already de-
scribed as possible autoantigens in other autoimmune disorders, and
showed that the most probably involved ones were the group of cha-
perones from the endoplasmic reticulum (ER) [35]. ER chaperons are
proteins mostly expressed in the endocrine tissues and brain: the way
by which they become immunogen is still under study, but a stressing
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event (for instance, common viral infections during childhood) might
increase the expression of ER chaperons and their translocation to the
cytosol and cell membranes. These events may potentiate their im-
munogenic characteristics and promote production and release of au-
toantibodies.

Further potential antigens investigated in the synthesis of APA and
AHA are growth hormone (GH), two novel pituitary-specific proteins,
namely pituitary gland specific factor 1a and 2 [36], alpha-enolase
[371, secretogranin II [38], chromosome 14 open reading frame 166
(c140rfl166, which is an RNA transcription, translation and transport
factor), and chorionic somatomammotropin (also known as human
placental lactogen) [39]. In particular, the 49 kD alpha-enolase was the
first pituitary autoantigen recognized as being potentially involved in
the autoimmune process of primary hypophysitis, though this protein is
widely expressed in several human tissues and anti-alpha-enolase au-
toantibodies have a very low diagnostic specificity [37]. The involve-
ment of these proteins and other multiple factors in the generation of
APA and AHA requires further investigation (Tables 1 and 2).

APA and AHA have been also isolated in patients with functional
pituitary and hypothalamus dysfunction, and even in healthy subjects.
Manetti et al. [40] analyzed 1290 patients with thyroid disorders and
found APA in 110 of them, with only 36 having a mild or severe GH
deficiency; the others did not have any functional pituitary and hy-
pothalamus deficiency [40]. On the same way, also Delvecchio et al.
[34] detected APA in children with celiac disease who were not affected
by any pituitary and hypothalamus deficiency. These observations show
that the presence of APA is not always indicative of hypophysitis, and
that these antibodies could be found incidentally.
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Fig. 1. Summary of the most relevant pathogenetic
drivers of autoimmune hypophysitis: infections,
vascular accidents, head traumas or cerebral neo-
plasms could damage the pituitary gland, inducing
the exposure of neoantigens such as endoplasmatic
reticulum chaperons, pituitary gland specific factors,
alpha-enolase, secretogranin II, chorionic somato-
mammotropin, and chromosome 14 open reading
frame 166. In the presence of a genetic predisposi-
tion, T and B cells process these neoantigens and
activate a targeted immunological response. In par-
ticular, B cells produce autoantibodies directed
against neoantigens, whereas T cells directly attack
and infiltrate the whole gland.
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De Bellis et al. analyzed 36 adult patients with isolated autoimmune
organ-specific diseases, positive for high titer-APA, comparing them
with 40 patients with isolated autoimmune organ-specific disease, who
were negative for APA [41]: they observed that APA-positive patients
with a particular IF pattern were prone to develop hypopituitarism. In
particular, in patients with organ-specific autoimmune disorders but
without pituitary dysfunction, the characterization of pituitary cells
targeted by APA at diagnosis may help predicting the features of a
subsequent pituitary dysfunction [41]. Instead, APA directed against
several types of pituitary hormone-producing cells did not allow to
predict both onset and kind of hypopituitarism, which could appear
later. Unfortunately, there are no specifically dedicated studies on
children.

As reported by Caturegli et al., the timing of measurement of APA
has a relevance, because APA may not be produced if the pituitary
gland is completely destroyed after an autoimmune attack [26]. For
instance, Chiovato et al. found that antibodies against thyroperoxidase,
thyroglobulin, and thyrotropin receptor tend to progressively disappear
after a complete ablation of the thyroid, indicating that continued an-
tibody production requires autoantigen persistence and that antibodies
will decrease over time when the antigenic load also decreases [42].
Indeed, Caturegli et al. hypothesized that the level of APA and AHA
should decrease after the disruption of the pituitary gland [26], and
when a full-blown hypopituitarism occurs it is possible that APA and
AHA disappear. Another important clue that prevents a complete un-
derstanding of APA and AHA role in primary hypophysitis is that these
antibodies are difficult to detect. Usually APA and AHA can be tested by
indirect IF, immunoblotting (IB) and enzyme-linked immunosorbent
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Table 1 (continued)

Reference

Complications Response to treatment

Treatment

Histology

Antibodies
detected

MRI findings

Clinical features

Number of
patients

First author

methylprednisolone(30 mg/kg/

Anterior pituitary lobe
heavily infiltrated by
mononuclear cells

No pituitary

Blurred vision,

day for 3 days, followed by oral

prednisone for 2 weeks)

antibodies were

found

fatigue, polyuria and

polydipsia
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Table 2
Main general symptoms of autoimmune hypophysitis occurring in children and
adults (revised from Gellner et al. [6]).

Clinical findings Children (%) Adults (%)
Headache 17% 50-70%
Diabetes insipidus 85% 14-20%
Growth hormone deficiency 76% 36-54%
Hypothyroidism 29% 49-60%
Adrenal insufficiency 20% 57-65%
Panhypopituitarism 11% 66-97%
Hyperprolactinemia 8% 20-38%
Visual disturbance 32% 40-43%
Vomiting 8% 25%
Gonadal dysfunction 32% 40-52%
Development of germinoma 3% 25-50%

assay [43-45]. Caturegli et al. compared IF and IB, finding that IB is
more sensitive and specific than IF in predicting the histologically-
proven hypophysitis [26]. Lymphocytic hypophysitis is therefore a
frank autoimmune pathology, but still not enough is clearly known
about pathogenesis, and the clinical applicability of APA and AHA in
the routine diagnosis remains limited by their low diagnostic sensitivity
and specificity.

3. A tangled clinical scenario with protean faces

The number of children with autoimmune hypophysitis described in
the medical literature is small, with < 100 cases reported, of which
only a few are biopsy-proven [6,7]. The autoimmune process targets
different pituitary cells followed by nonselective gland destruction, and
at autopsy the pituitary gland may reveal a significant atrophy. General
signs and symptoms of hypophysitis at the time of diagnosis depend on
the degree of pituitary involvement and rapidity of disease progression
with subsequent pituitary hormone abnormalities [4,27,46,47]. Pri-
mary hypophysitis involves more frequently the anterior pituitary
gland, and patients might typically display hormonal deficiencies and
protean symptoms related to mass-effect from either pituitary en-
largement or edema with pituitary/hypothalamic dysfunction. Pediatric
sceneries of hypophysitis are characterized by clinical presentations
quite different than in adults. Kalra et al. showed that the most common
presenting symptoms in children are caused by antidiuretic hormone
(ADH) deficiency (85%), compared with 14-to-20% of adults [7]. GH
deficiency was found in 76% of pediatric cases, compared with 36-to-
54% of adults, while follicle stimulating hormone (FSH)/luteinizing
hormone (LH), thyroid-stimulating hormone (TSH) and adrenocortico-
tropic hormone (ACTH) deficiencies were less common than in adults
(32%, 29% and 20%, respectively, compared with 40-to-52%, 49-to-
60%, 57-t0-65% of adults) [7]. In particular, contrarily to other causes
of hypopituitarism, an impaired secretion of ACTH and TSH is very
frequent in the early phase of primary hypophysitis, putting these pa-
tients at increased risk of life-threatening adrenal insufficiency [7]. If
the patient presents signs and symptoms referred to hypocortisolism
and hypothyroidism the administration of thyroxin should follow cor-
ticosteroid therapy to restore adrenocortical function and prevent acute
adrenal insufficiency. Increased levels of prolactin (PRL) can be also
observed in both hypophysitis and pituitary adenomas, in association
with abnormal levels of FSH and LH. Hypogonadism can also occur
through a direct damage of gonadotropic cells due to hypophysitis-re-
lated inflammation. In particular, hyperprolactinemia can be found in
8% of children with hypophysitis, compared with 20-to-38% of adults
[7]. Headache and visual disturbances have been less frequently re-
ported in children (17% and 8% of cases, respectively, compared with
50-t0-70% and 40-to-43% of adults) [7].

As central diabetes insipidus and growth retardation are crucial
symptoms in children with primary hypophysitis, a complete differ-
ential diagnosis should also consider other disorders displaying these
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hormonal deficiencies, such as the more frequent intracranial germi-
noma, Langerhans cell histiocytosis (LCH) and craniopharyngioma
[48]. Moreover, children with a presumptive diagnosis of hypophysitis
are at risk of developing germinomas later in life (up to 3 years after the
initial diagnosis), requiring a comprehensive extended follow-up in the
long-term [7,49]. Germinomas are rare brain tumors primarily affecting
prepubertal children, and they are an established cause of secondary
hypophysitis [50-53]. Moreover, germinomas arising in the sellar and
parasellar regions are difficult to differentiate from childhood hypo-
physitis because of similar clinical features (diabetes insipidus, GH
deficiency, visual disturbances). This differentiation, nevertheless, is
critical due to the different treatments needed.

Biopsy-proven cases of primary hypophysitis are few in children and
adolescents, and an intracranial germ cell tumor should be considered
the most likely diagnosis in children below 10 years [6]. Tumor markers
such as a-fetoprotein, B-human chorionic gonadotropin and placental
alkaline phosphatase in the cerebrospinal fluid may be useful for di-
agnosis of germinoma. Pituitary biopsy is the gold-standard for differ-
entiating the two conditions, although germinomas can have a marked
lymphocytic infiltrate making problematic the differential diagnosis
with local inflammation [54]. Finally, it is known that hypopituitarism
caused by sellar germinoma can precede for years a visible pituitary
mass, and prolonged symptomatic periods may also be common prior to
diagnosis [54].

In adult patients, when the inflammation involves the anterior pi-
tuitary gland, headache is the most common presenting symptom, oc-
curring in about half of patients. Visual symptoms due to compression
of the optic nerves and/or cranial nerves III, IV and VII can occur in a
minority of cases [4,26,55]. Cavernous carotid artery occlusion is a rare
complication of hypophysitis [56-59]. Onset of headache can be in-
sidious, subacute and even mimic apoplexy [55,60,61]. Less frequently,
inflammation can involve the posterior pituitary gland and the stalk:
these young adults with infundibulo-neurohypophysitis present dia-
betes insipidus and less commonly other hormone deficiencies. As ex-
pected, signs of both anterior and posterior pituitary involvement co-
exist in panhypophysitis. A recent case series of adult patients has
highlighted that the secretion of gonadotropins can be impaired [55].
Additionally, GH deficiency and hyperprolactinemia might also occur
[55]1.

Granulomatous hypophysitis can be associated with more severe
symptoms than in lymphocytic hypophysitis, which may be oppressive
headache combined with variable signs of hypopituitarism and
chiasmal compression [55,62-64]. The most common symptoms of
idiopathic granulomatous hypophysitis at presentation in 84 adult pa-
tients were headache (61%), visual changes (40%), polyuria/polydipsia
(27%), and cranial nerve palsies (27%); panhypopituitarism and dia-
betes insipidus were found in 49% and 27% of these adult cases, re-
spectively [65]. Clinical data regarding xanthomatous and IgG4-related
hypophysitis are less robust, due to the extreme rarity of these variants.
However, Gutenberg et al. found that xanthomatous hypophysitis did
not cause any chiasmal compression and was associated with a lower
risk of diabetes insipidus and less severe anterior pituitary impairment
than other forms of hypophysitis. In particular, FSH, LH and GH defi-
ciencies were more common than TSH and ACTH deficiencies [64].
IgG4-related hypophysitis, instead, is more frequently in middle-aged
and elderly males and characterized by lymphoplasmacytic infiltration
with predominant IgG4-positive plasma cells in the affected tissues and
high level of serum IgG4 [66]. This condition might involve one or
multiple organs, including lymph nodes, pancreas, liver, salivary and
lacrimal glands, retroperitoneum, aorta, pericardium, thyroid, lungs,
kidney, skin, stomach, prostate and ovaries [66]. This form of hypo-
physitis frequently involves both the pituitary gland and stalk (about
65% of cases), causing panhypopituitarism, anterior hypopituitarism
and central diabetes insipidus in 50%, 25% and 18% of cases, respec-
tively [67]. Intrachiasmal abscesses spreading to the cavernous sinus
have also been reported in women with IgG4-related hypophysitis
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[68,69].
4. Diagnostic algorithm for children with primary hypophysitis

Differential diagnosis of hypophysitis requires histopathologic eva-
luation for a definite exclusion of pituitary adenoma, hypophysial me-
tastases, sellar and parasellar tumors like craniopharyngioma or
Rathke's cleft cyst (a non-neoplastic epithelium-lined cyst arising from
the embryologic remnants of Rathke's pouch in the pituitary gland),
germinoma, glioma, meningioma, pituicytoma (a rare low-grade glial
neoplasm that originates from the neurohypophysis), chordoma (a rare
neoplasm arising from cellular remnants of the notochord), teratoma,
dermoid and epidermoid, but also abscesses or a physiological hyper-
trophy of the pituitary gland in children and adolescents (especially
pubertal females) [70]. Also pituitary hyperplasia associated with
pregnancy should be excluded in young women [70].

A first approach to patients with suspected symptoms of primary
hypophysitis should include the evaluation of pituitary gland-related
hormonal profile, such as cortisol, ACTH, insulin-growth factor-1, GH,
estradiol/testosterone, LH, FSH, free thyroxine, TSH, prolactin, plasma/
urine osmolality and electrolytes. The level of antidiuretic hormone
should be measured with urinary osmolarity, that usually is higher than
plasmatic osmolarity in diabetes insipidus [55]. Secondary hypophysitis
due to systemic diseases can be assessed by checking routine baseline
investigations, such as full blood cell count, renal, liver and bone
markers, C-reactive protein, erythrocyte sedimentation rate, serology
for syphilis, tuberculosis-specific tests and coltural studies for bacterial
or fungal infections, eventually associated with peripheral blood smear,
bone marrow aspirate, immunoglobulins and flow cytometry im-
munophenotyping (if immunologic abnormalities are suspected) [55].

After this first-line diagnostic work-up, brain magnetic resonance
imaging (MRI) is crucial for diagnosis: it typically demonstrates an in-
creased size of hypophysis with uniform enhancement after contrast
and potential extension to the hypothalamus. Involvement of the ca-
vernous sinus may be responsible of headache, diplopia and cranial
nerve palsies. A recent study has shown that only 4% of stalk lesions are
caused by primary hypophysitis. More than one half of stalk abnorm-
alities on MRI are represented by neoplastic processes, and half of these
are metastases [71]. Moreover, many diseases that can mimic primary
hypophysitis might respond to the same treatment required by hypo-
physitis, i.e. glucocorticoids. Indeed, glucocorticoids are part of the
standard treatment regimens for LCH and Erdheim-Chester disease
(ECD), which is a rare non-Langerhans form of histiocytosis [72,73],
whereas temporary responses to steroids have been observed in lym-
phoma and intracranial germinoma [74-76]. A positive response in
germinoma is likely due to the steroidal effects on tumor-infiltrating
lymphocytes [54,77,78]. As a consequence, brain MRI should be per-
formed before starting any treatment in patients with suspected hypo-
physitis.

In the pre-gadolinium era the characteristics of hypophysitis on MRI
included homogeneous pituitary enlargement with symmetrical supra-
sellar expansion, chiasm displacement, stalk swelling (an enlarged pi-
tuitary stalk can also be found in other intracranial pathologies, like
sarcoidosis, metastases, LCH, germinoma, craniopharyngioma, astro-
cytoma, pituitary adenoma and ECD), loss of bright spot of neurohy-
pophysis in the case of posterior pituitary involvement (the bright spot
might be absent in up to 20% of healthy subjects) during acute and
subacute phases. Pituitary atrophy and empty sella could appear during
the chronic phase of hypophysitis [79].

A striking feature of primary hypophysitis on MRI in the post-ga-
dolinium era is the homogeneous enhancement of the pituitary mass
with “dural tail sign” (thickening of the enhanced dura that resembles a
tail extending from a mass). However, the dural tail sign is not specific
of hypophysitis, being also observed in meningioma (most frequently)
and other different intracranial pathologies, like lymphoma, multiple
myeloma, glioblastoma multiforme, chordoma, schwannoma,



A. Romano, et al.

pleomorphic xanthoastrocytoma, hemangiopericytoma, granulomatosis
with polyangitis, sarcoidosis, medulloblastoma, eosinophilic granu-
loma, ECD, pituitary adenoma and apoplexy [80]. On the contrary,
unilateral endosellar masses or nonhomogeneously-expanding pituitary
masses with asymmetrical extension might suggest a pituitary ade-
noma. Cystic and necrotic areas may be frequently observed in mac-
roadenomas (> 1cm) via MRI, while the dural tail is usually absent
[80]. Hence, the combination of clinical manifestations, laboratory tests
and brain MRI assessment can suggest a primary hypophysitis, though
histologic evaluation remains crucial [55]. Obtaining histology requires
a neurosurgical biopsy or resection of sellar or suprasellar tissue, and
this procedure might cause morbidity by itself: this decision should be
advised through a multidisciplinary approach and reserved to the most
severe cases, displaying visual acuity impairment due to gland com-
pression or infiltration, who are obviously nonresponsive to medical
therapies [55].

APA and AHA are not routinely evaluated to date. As previously
said, APA and AHA are difficultly measured and have low sensitivity
and specificity for primary hypophysitis [9]. Further specific auto-
antibodies (such as anti-nuclear, anti-dsDNA, anti-parietal cell anti-
bodies, etc.) are useful in the assessment of hypophysitis associated
with Hashimoto's thyroiditis [11-13], Graves' disease [14,15], Ad-
dison's disease [16], diabetes mellitus type 1 [17], atrophic gastritis
[11,18], systemic lupus erythematosus [19,20], Sjogren's syndrome
[21], primary biliary cirrhosis [22], autoimmune hepatitis [23], and
APECED [24]. In conclusion, a relevant and considerable challenge in
the management of young patients with autoimmune hypophysitis is to
establish diagnosis by minimally invasive methods through a step-by-
step process that requires the exclusion of all causes of hypophysitis and
the combination of clinical, radiological and laboratory investigations,
even if histologic assessment is the gold-standard for a definite diag-
nosis.

5. Treatment strategies of autoimmune hypophysitis:
controversies and truths

The different expression of primary hypophysitis in children may
require different therapeutic strategies, also considering that this au-
toimmune disease may be self-limited and that spontaneous remissions
have been reported. Indeed, the natural history of hypophysitis may be
unpredictable, from spontaneous recovery with complete remission of
clinical, laboratory and imaging features to severe pictures with per-
manent hormonal and neurological impairment. Most treatment stra-
tegies are symptomatic, aiming at reducing the size of the pituitary
gland. Of course, the type of treatment is dictated by rapidity of onset
and severity of clinical signs. A conservative management is re-
commended for most cases of lymphocytic hypophysitis, unless symp-
toms become progressively severe [81].

Optic nerve compression and other cranial nerve palsies or severe
headache are general indications for starting treatment [3]. Therapeutic
options are different in the acute and chronic phases [82]: glucocorti-
coid deficiency should be first treated to prevent an acute potential
adrenal insufficiency, and glucocorticoid replacement is mandatory in
the early phase of hypophysitis. Because adrenal insufficiency could
partially mask the presence of central diabetes insipidus, monitoring
patients for the development of diabetes insipidus is important after
replacing glucocorticoids.

Surgical options by trans-sphenoidal surgery may be necessary in
the acute phase of hypophysitis if symptoms and/or signs deriving from
a mass-effect are present [83-85]. Corticosteroids tend to improve the
swelling of both pituitary gland and stalk: at high doses they are re-
ported as a first-line or second-line therapy after neurosurgery in re-
ducing pituitary size (with successful results in 75% of cases) and im-
proving endocrine dysfunctions [10]. The most commonly used
corticosteroids are prednisone, hydrocortisone and methylpredniso-
lone. Some anterior pituitary deficits can be resolved by corticosteroids,
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even at low-doses [86]. Immunosuppressant drugs such as azathioprine,
methotrexate and cyclosporine have been successfully used in gluco-
corticoid-resistant cases, but their long-term efficacy still needs to be
confirmed [87].

Treatment of the chronic phase is aimed at restoring adequate
hormone levels with appropriate replacement therapy, recovering sec-
ondary adrenal insufficiency, hypogonadism, hypothyroidism and GH
deficiency, if present, due to the autoimmune disease “per se” or as
result of neurosurgery. Hormone replacement should be done according
to the current Endocrine Society Clinical Practice Guidelines [88].
Dopamine agonists (bromocriptine, cabergoline) can lower hyperpro-
lactinemia and improve visual field abnormalities [89]. Indeed, it is
known that high levels of prolactin can contribute to the perpetuation
of many immune processes through the proinflammatory effects of this
hormone [90,91], as shown in prolactinoma-related hyperprolacti-
nemia [92].

Pituitary surgery (gross total resection or partial resection) provides
a definitive histological diagnosis of hypophysitis and might promptly
relieve compressive symptoms, which if present are a strong indication
for the surgical approach. Surgery should be performed in cases with
severe and progressive visual acuity impairment or abnormal ocular
movements due to gland compression or infiltration, which are non-
responsive to medical treatment [93]. Corticosteroids, although effec-
tive, can cause numerous side effects. Therefore, novel im-
munotherapies with more specific mechanisms of action are being
proved, such as infliximab and rituximab. Treatment with stereotactic
radiosurgery and fractionated radiotherapy has also been reported in a
few patients, especially when the disease is corticosteroid-dependant or
refractory [94,95].

6. Conclusive remarks

In conclusion, autoimmune hypophysitis is an inflammatory process
of the pituitary gland which is uncommon in children. It is divided into
three types based on the specific pituitary area involved: adenohypo-
physitis, in which only anterior pituitary gland is involved, infundibulo-
neurohypophysitis, when the inflammation involves the posterior lobe,
and panhypophysitis when the disease globally involves both anterior
and posterior lobe and the infundibulum. In addition, hypophysitis can
be classified according to the etiology in secondary or primary, fol-
lowing the concomitant presence of other triggering disorders or not.
Finally, five histologic variants of primary hypophysitis have been de-
scribed: lymphocytic, granulomatous, xanthomatous, IgG4-related (or
plasmacytic) and necrotizing, but mostly the first has been encountered
in pediatric patients. The most common presenting symptom in chil-
dren is central diabetes insipidus, caused by antidiuretic hormone de-
ficiency, but GH deficiency is also frequent, combined with variable
mass-effect signs deriving from either pituitary enlargement or focal
edema. Biopsy is considered the most relevant diagnostic tool in pri-
mary hypophysitis to exclude tumors of the sellar region, but it should
be cautiously discussed with different medical advisors. The different
expressions of this autoimmune disease require many optional ther-
apeutic strategies, also because spontaneous remissions can occur.
Options are different in the acute and chronic phase of hypophysitis, as
the first might require only corticosteroids or immunosuppressant
agents, while replacement therapies in the later phases should be aimed
at optimizing hormone levels.

Future studies are needed to identify biologic clues that characterize
the subset of children with autoimmune hypophysitis having the worst
outcome as well as to optimize treatment strategies based on the ef-
fective risk of progressive sequelae.
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