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Abstract

All cases of familial thyrotoxicosis with absence of evidence
of autoimmunity and all children with persistent isolated
neonatal hyperthyroidism should be evaluated for familial
non-autoimmune autosomal dominant hyperthyroidism
(FNAH) or persistent sporadic non-autoimmune hyperthy-
roidism (PSNAH). First, all index patients should be analysed
for the presence/absence of a thyroid-stimulating hormone
(TSH) receptor (TSHR) germline mutation, and if they display
a TSHR germline mutation, all other family members includ-
ing asymptomatic and euthyroid family members should
also be analysed. A functional characterization of all new
TSHR mutations is necessary. Appropriate ablative therapy is
recommended to avoid relapses of hyperthyroidism and its
consequences, especially in children. Therefore, in children
the diagnosis of FNAH or PSNAH needs to be established as
early as possible in the presence of the clinical hallmarks of

the disease. Copyright © 2012 European Thyroid Association

Published by S. Karger AG, Basel

Introduction

Familial non-autoimmune autosomal dominant hy-
perthyroidism (FNAH) and persistent sporadic congenital
non-autoimmune hyperthyroidism (PSNAH) are rare
forms of hyperthyroidism caused by germline mutations
in the thyroid-stimulating hormone (TSH) receptor
(TSHR) gene. At present, there are no guidelines for the
management of these conditions. The diagnosis of this
rare form of hyperthyroidism allows appropriate therapy
of the disease with the likely consequence of fewer relaps-
es of hyperthyroidism. Moreover, it allows genetic coun-
seling and presymptomatic diagnosis. This guideline aims
to provide evidence-based recommendations for timely
diagnosis and optimal treatment of these conditions.

Methods

The taskforce for this guideline was instituted by the executive
committee of the European Thyroid Association. R. Paschke was
selected to lead the task force. References were searched in the TSH
Receptor Mutation Database III (http://tsh-receptor-mutation-
database.org), the Online Mendelian Inheritance in Man database
(OMIM 609152) and PubMed using the following search terms: hy-
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perthyroidism, autosomal, genetics, familial, sporadic and TSHR.
The Grading of Recommendations Assessment, Development and
Evaluation system was used to grade the quality of evidence and the
strength of recommendations [1, 2]. It consists of 2 scorings, name-
ly quality of evidence (low = +; moderate = ++; high = +++) and
strength of recommendation (strong; weak). The draft guideline
was posted on the European Thyroid Association website for 1
month for its members to comment. The comments were discussed
in the guideline taskforce and the guideline was modified accord-
ingly before final approval by the guideline committee and the
European Thyroid Association executive committee.

Background

Definitions

Familial Non-Autoimmune Autosomal Dominant

Hyperthyroidism

FNAH is caused by constitutively activating germline
mutations in the TSHR gene (TSH Receptor Mutation

Database III, OMIM 609152).

This disorder is characterized by:

(1) A positive family history of non-autoimmune hyper-
thyroidism with dominant inheritance.

(2) An absence of clinical (ophthalmopathy or dermopa-
thy) or other stigmata of autoimmunity [TSHR an-
tibodies, thyroid peroxidase (TPO) antibodies, hy-
poechoic pattern at ultrasound and lymphocytic infil-
tration on histology]. The presence of TPO and
thyroglobulin antibodies has been reported in a few
cases [3-5], consistent with a high prevalence of these
antibodies in the general population.

(3) The presence of goiter, which is generally diffuse in
children and tends to become multinodular later
in life [3-17] (http://tsh-receptor-mutation-database.
org). Very rarely, goiter is absent [18].

(4) A highly variable age of manifestation of hyperthy-
roidism, which ranges between the neonatal period [8]
and 60 years [14]. It is also highly variable within the
same family, for example 10-36 years in the Nancy
family [19], 18 months to 53 years in the Reims family
[19], 2-21 years in the Cardiff family [3] and 4-60
years in the family reported by Karges et al. [14] (http://
tsh-receptor-mutation-database.org).

(5)Hyperthyroidism, which may vary from mild [20] or
subclinical (two members in the Nancy family [19] and
one member in the family of Vaidya et al. [4]) to severe
(see http://tsh-receptor-mutation-database.org).

(6)Recurrences after withdrawal of antithyroid drug
therapy, non-ablative radioiodine treatment or partial
thyroidectomy [21].
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Persistent Sporadic Congenital Non-Autoimmune

Hyperthyroidisim

PSNAH with onset during the neonatal period (spo-
radic congenital non-autoimmune hyperthyroidism) or
even later has been found to be caused by sporadic (de
novo) germline mutations in the TSHR gene [22-25]. It is
characterized by:

(1) An earlier (neonatal period to 11 months) and more
severe onset than FNAH [26-28].

(2)Goiter in all except 1 individual. The goiters are
mostly diffuse at the onset and become progressively
nodular with increasing duration of the disease [29,
30].

(3) An absence of TSHR or TPO antibodies, lymphocytic
infiltration in the thyroid gland on cytology/histology
or hypoechogenicity on thyroid ultrasound [26].

(4) Isolated hyperthyroidism (i.e. no association with go-
nadotropin-independent sexual precocity, café-au-lait
skin lesions and fibrous dysplasia of bone, as in typical
McCune-Albright syndrome).

(5)Negative family history of non-autoimmune hyper-
thyroidism.

(6) Various consequences of prolonged neonatal hyper-
thyroidism, such as craniosynostosis or low birth
weight (TSH Receptor Mutation Database III, OMIM
609152).

(7)Relapses of hyperthyroidism following withdrawal of
antithyroid drugs and also after subtotal thyroidec-
tomy. Radioiodine in addition to surgery is necessary
to induce euthyroidism in most cases [21].

(8) An absence of inflammatory ophthalmopathy. How-
ever, the presence of noninflammatory ocular signs
(for example, proptosis) does not exclude the diagnosis
of PSNAH [31].

Prevalence

To date, 27 families with FNAH [3-7,9-20, 32-40] and
15 cases with PSNAH have been published [8, 22-29, 41-
49]. Women are affected more frequently by the familial
form (83 women compared to 69 men), but not by the
sporadic form (TSH Receptor Mutation Database III,
OMIM 609152). Neonatal thyrotoxicosis is rare and near-
ly always associated with maternal Graves’ disease if the
thyrotoxicosis in the newborn is transient.

Genetic Etiology and Pathophysiology

FNAH and PSNAH are caused by constitutively acti-
vating TSHR germline mutations [31, 50, 51]. This gene is
encoded by 10 exons which extend over 60 kb on chromo-
some 14q31 (OMIM 603372). The phenotype of a family
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with non-autoimmune autosomal dominant hyperthy-
roidism (the Nancy family) was first described by Thom-
asetal. [32] in 1982. In this family, thyrotoxicosis without
evidence of Graves’ disease was observed in 16 of the 48
family members examined. Twelve years after the initial
description of non-autoimmune autosomal dominant
hyperthyroidism in the Nancy family, the V509A germ-
line mutation, which displayed a 3-fold basal cAMP in-
crement over the wild-type TSHR, was identified in this
family [19].

Upon binding to its receptor, TSH exerts its action via
both the cAMP and inositol phosphate pathways. The
main signal transduction pathway involves the activation
of adenylate cyclase through G protein coupling and the
intracellular production of cAMP. The cAMP pathway
has been shown to stimulate thyroid hormone secretion
and growth of thyrocytes. Constitutive activation of the
cAMP pathway results in alterations of both function and
proliferation of the thyroid cells.

Further germline TSHR mutations associated with
FNAH also show increased basal cAMP compared to the
wild-type TSHR, ranging from 1.5- to 5-fold the basal
levels in the families and up to 7-fold for the sporadic
TSHR mutations [30] (TSH receptor Mutation Database
IIT). Members of the same family harbouring the same
TSHR germline mutation show large differences in dis-
ease onset [33, 34, 36, 48]. Therefore, besides the consti-
tutive activation of the cAMP pathway, most likely ad-
ditional factors, for example genetic background and/or
iodine intake, may modify the phenotypic expression
(52].

The functional in vitro characterization of all new
TSHR mutations by linear regression analysis of constitu-
tive activity as a function of TSHR expression is recom-
mended if the constitutive activity is only slightly in-
creased [53]. The reason for this recommendation is that
besides large variations in the extent of constitutive activ-
ity for several mutations characterized in different labo-
ratories, 2 TSHR germline mutations and 4 somatic TSHR
germline mutations all previously published as constitu-
tively active did not reveal constitutive activity in COS
cells when later analysed by the linear regression ap-
proach to determine constitutive activity as a function of
TSHR expression [54, 55]. Therefore, TSHR mutations
with only slightly increased constitutive activity in par-
ticular should be characterized by a reproducible method
which controls for one of the most important variables,
e.g. receptor expression. Moreover, silent TSHR germline
mutations are known [56].
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Recommendations

Diagnostic Principles

When Should FNAH Be Suspected?

To select the appropriate therapy and avoid frequent
relapses and their consequences, especially in children,
the diagnosis of FNAH should be considered in all cases
of familial thyrotoxicosis with the presence of at least cri-
teria 1, 2 and 3:

(1) a history of familial non-autoimmune thyrotoxicosis
with dominant inheritance;

(2)absence of evidence of autoimmunity (no inflamma-
tory signs of ophthalmopathy or dermopathy, absence
of TSHR antibodies, no ultrasound signs of autoim-
munity, e.g. hypoechogenicity, absence of lymphocyt-
ic infiltration on histology);

(3)isolated hyperthyroidism confirmed by high serum
level of free T4 and low serum level of TSH or subclin-
ical hyperthyroidism (only suppressed TSH);

(4) moderate diffuse goiter in children or multinodular
goiter in adulthood (but the absence of goiter does not
exclude the diagnosis), and

(5)recurrence after withdrawal of medical treatment or
non-ablative surgical or radioiodine treatment.
Quality of the evidence: high (+++); strength of recom-

mendations: strong.

When Should PSNAH Be Suspected?

To select the appropriate therapy and avoid frequent
relapses and their consequences in children, the diagno-
sis of PSNAH should be considered in the presence of at
least criteria 1, 2 and 3:

(1) negative family history of hyperthyroidism;

(2)absence of TSHR antibodies, no ultrasound signs of
autoimmunity (hypoechogenicity);

(3) persistent neonatal isolated hyperthyroidism (still hy-
perthyroid without treatment after 6 weeks) and re-
currence of neonatal hyperthyroidism after antithy-
roid drug withdrawal, subtotal thyroidectomy or ra-
dioiodine treatment, and

(4) diffuse goiter in the neonatal period or nodular goiter
later on.

Quality of the evidence: high (+++); strength of recom-
mendations: strong.

The diagnostic principles for PSNAH resemble those
for FNAH. However, the clinical severity of hyperthy-
roidism is often more pronounced in PSNAH than in
FNAH, and a family history of thyrotoxicosis is absent in
PSNAH. FNAH, which is more frequent than PSNAH,
should especially be suspected in patients with a family
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history of hyperthyroidism (so called TSHR antibody-
negative Graves’ disease [57]).

Almost all reported patients with PSNAH became
symptomatic within the Ist year of life [30, 43]. The ma-
jority of newborns with non-autoimmune congenital hy-
perthyroidism were born prematurely and had lower birth
weight [4, 30, 49]. Bone age is commonly advanced at the
time of diagnosis. The finding of an increased growth ve-
locity has also been correlated to an increase in circulating
insulin-like growth factor 1 that reverted to normal after
the cure of hyperthyroidism [11]. All these features (pre-
maturity, low birth weight and advanced bone age) are
typical for congenital hyperthyroidism but are not spe-
cific for PSNAH. Craniosynostosis was present in half the
patients [30, 49]. Symptoms of developmental impairment
(such as mental retardation and speech disturbances) and
hydrocephalus were also present in almost half of the af-
fected patients [30, 49]. Other features of neonatal hyper-
thyroidism like jaundice, hepatosplenomegaly, thrombo-
cytopenia [41] and respiratory symptoms (such as apnea
and asphyxia) [41, 45-47] were also observed in some pa-
tients. Neuromuscular symptoms have also been de-
scribed [42]. The thyroid size was variable. Goiter was ob-
served in approximately half the newborns and infants
[30, 49]. In children with later onset of disease and in those
with delayed start of treatment, the risk of precocious pu-
berty and short stature may complicate the disease course.

How Is the Diagnosis of FNAH and PSNAH
Established?

(1) In the presence of signs and symptoms of FNAH or
PSNAH, itis recommended that first all index patients
are investigated for the presence/absence of a TSHR
germline mutation.

(2)If index patients display a TSHR germline mutation,
all other family members, including asymptomatic
and euthyroid family members, should be analysed for
the mutation.

The goals of this strategy are to establish the diagnosis, to
detect patients presymptomatically and to detect po-
tential discrepancies between mutation status and
clinical phenotypes.

(3) As most mutations associated with this condition are
located in exon 10 of the TSHR gene, this exon should
be screened initially; however, in case of discrepancies,
the screening of exons 1-9 in addition to exon 10 is
necessary. An additional search for further somatic
constitutively activating mutations in hyperthyroid
family members should be performed to explain pos-
sible discrepancies.

ETA Guidelines for the Management of
Non-Autoimmune Hyperthyroidism

(4) Genetic counseling of the patients and apparently as-
ymptomatic family members (mutation carriers) is
recommended.

Quality of the evidence: high (+++) for 1, 3 and 4 and
low (+) for 2; strength of recommendations: strong.

Therapeutic Principles

Treatment

Because of the rarity of the conditions, there are no
randomized controlled trials in FNAH or PSNAH. How-
ever, well-characterized case series have provided valu-
able insights into different therapeutic options for these
conditions. In both FNAH and PSNAH, incomplete abla-
tion (subtotal thyroidectomy or non-ablative dose of ra-
dioiodine) or antithyroid drugs resulted in frequent re-
lapses with the known pediatric complications of hyper-
thyroidism (seeabove) [44]. Moreover,althoughlong-term
treatment with antithyroid drugs can control hyperthy-
roidism, it has been reported to favour further thyroid
enlargement [43]. In PSNAH, the time for recovery of the
pituitary-thyroid feedback axis is unpredictable, and
TSH may remain suppressed beyond the first year of life
[40].

What Is the Optimal Treatment for FNAH?

(1) The complete ablation of the thyroid tissue by total
thyroidectomy followed by radioiodine administra-
tion is strongly recommended.

(2) Antithyroid drugs should only be used to prepare the
patients for surgery. 3-Blocking drugs (propranolol)
should be used in order to control adrenergic-like
symptoms.

Quality of the evidence: moderate (++); strength of rec-
ommendations: strong.

What Is the Optimal Treatment for PSNAH?

(1) Total thyroid ablation is recommended to avoid the
negative consequences of persistent or relapsing hy-
perthyroidism.

(2) Immediate treatment of overt neonatal hyperthyroid-
ism with methimazole (not propylthiouracil because
of its association with severe liver injury) is recom-
mended for a good prognosis and for the prevention of
advanced bone age or mental retardation.

(3) Surgery should be performed by a high-volume thy-
roid surgeon. In addition, early radioiodine treatment
may be necessary to avoid relapses. Radioiodine treat-
ment is recommended in children over 5 years.

(4) Long-term TSH suppression (beyond the 1st year of
life) is likely. The time for recovery of the feedback axis
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is unpredictable. This should be taken into account
when relapse of hyperthyroidism is suspected.
Quality of the evidence: moderate (++); strength of rec-

ommendations: strong.

—
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