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ABSTRACT

The syndrome of inappropriate secretion of TSH was the term originally coined to indicate two forms of 
central hyperthyroidism, i.e. thyrotropin (TSH)-secreting pituitary adenomas (TSHomas) and resistance to 
thyroid hormone action (RTH). Both forms are characterized by high levels of free thyroxine (FT4) and free 
triiodothyronine (FT3) in the presence of measurable TSH concentrations, a biochemical picture which is in 
contrast to primary hyperthyroidism where TSH levels are always undetectable. Patients with TSHoma are 
clinically hyperthyroid, while RTH patients are generally euthyroid (so-called generalized RTH). However, 
in a minority of RTH thyrotoxic patients, features have been described with such individuals being deemed 
to have predominant central or pituitary resistance. Although incidence of inappropriate secretion of TSH 
is generally low, it is essential to rule out the likely causes of discordance in the TSH/T4 (thyroxine) rela-
tionship. The distinction between TSHoma and PRTH can be difficult since both conditions do not present 
significant differences in age, sex, gender or concentrations of TSH, FT4 and FT3. The failure to recognize 
them as different entities may have deleterious consequences, such as thyroid ablation in patients with 
central hyperthyroidism, or unnecessary pituitary surgery in those with PRTH. The objective of this review 
is to properly characterize them with a history of an affected first-degree relative, biochemical dynamic 
tests, pituitary imaging and genetic testing, according to what has been reported in international literature, 
and to analyze biochemical difficulties in choosing the best biochemical tools for that purpose, taking into 
account that no individual biochemical test can validate the differential diagnosis that must be based on a 
combination of: serum SUα, SUα/TSH ratio, TSH response to TRH, TSH response to suppression with LT3, 
and genetic analysis. Rev Argent Endocrinol Metab 50:253-264, 2013
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RESUMEN

Síndrome de secreción inapropiada de TSH fue el término acuñado originalmente para describir dos formas de 
hipertiroidismo central, los adenomas hipofisarios secretantes de tirotrofina (TSH) (TSHoma) y la resistencia 
a las hormonas tiroideas (RHT). Ambas condiciones están caracterizadas por niveles elevados de tiroxina 
libre (T4L) y triiodotironina libre (T3L), en presencia de concentraciones medibles de TSH, escenario bio-
químico que contrasta con el hipertiroidismo primario donde los niveles de TSH son siempre indetectables. 
Los pacientes con TSHoma son clínicamente hipertiroideos, mientras que los pacientes con RHT son gene-
ralmente eutiroideos (RHT generalizada). Sin embargo, en una minoría de pacientes tirotóxicos con RHT se 
han descripto signos y síntomas que los caracterizan como portadores de RHT predominantemente central 
o hipofisaria (RH). Aunque la incidencia del síndrome de secreción inapropiada de TSH es generalmente 
baja, es fundamental descartar la discordancia de la relación TSH/T4 (tiroxina). La distinción entre TSHoma 
y RH puede ser dificultosa ya que ambas condiciones no presentan diferencias significativas en cuanto a 
edad, sexo, género ni concentraciones de TSH, T4L y T3L. La falla en reconocerlas como diferentes puede 
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tener consecuencias deletéreas, como la ablación tiroidea en pacientes con hipertiroidismo central, o cirugía 
hipofisaria innecesaria en aquellos con RH. El objetivo de esta revisión es caracterizarlas apropiadamente con 
la historia de un familiar de primer grado afectado, pruebas bioquímicas dinámicas, imágenes hipofisarias 
y pruebas genéticas, acorde a lo reportado en la literatura internacional, y al mismo tiempo, analizar las 
dificultades bioquímicas al elegir la mejor herramienta para tal fin; teniendo en cuenta que ninguna por sí 
sola puede avalar el diagnóstico diferencial que debe basarse en una combinación de pruebas: concentración 
sérica de SUα y relación SUα/TSH, tipo de respuesta de TSH al TRH, respuesta de TSH a la supresión con 
LT3 y análisis genético. Rev Argent Endocrinol Metab 50:253-264, 2013
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1. ABBREVIATIONS

Cu: Copper
DBD: DNA-binding domain
FDH: Familial dysalbuminemic hyperthyroxinemia
FSH: Follicle stimulating hormone
FT3: Free triiodothyronine
FT4: Free thyroxine
GH: Growth hormone
GRTH: Generalized resistance to thyroid hormones
HAMA: Human anti mouse antibodies

ICTP: Carboxy terminal telopeptide of type I col-
lagen 

LBD:  Ligand binding domain 
LH: Luteinizing hormone 
LT3: Liothyronine
LT4: Levothyroxine
MRI: Magnetic resonance imaging
NCoR:  Nuclear corepressor
PRL: Prolactin 
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2. INTRODUCTION

The apparently paradoxical dissociation between 
high levels of thyroid hormones (TH) and unsup-
pressed serum thyrotropin (TSH), has led to the 
widespread use of the term “syndrome of inappro-
priate secretion of TSH” to describe this condition, 
which is essential to rule out the likely causes of 
discordance in the TSH/T4 (thyroxine) relation-
ship1. Among these causes are: a) abnormality in 
the serum proteins of TH transport -either by an 
excess of acquired or inherited thyroxine binding 
globulin (TBG) or transthyretin (TTR)-, an in-
crease in the affinity of albumin by T4 in the famil-
ial dysalbuminemic hyperthyroxinemia (FDH), or 
defects in the conversion of T4 to triiodothyronine 
(T3). (b) Presence of anti-T4 antibodies, and c) 
methodological artifacts(2).

The conditions in which there is a persistent 
secretion of TSH despite high levels of TH (real 
inappropriate secretion of TSH), can be divided be-
tween those associated with hyperthyroidism, such 
as pituitary resistance to the TH (PRTH) and thy-
rotropin-secreting pituitary adenomas (TSHoma), 
and those characterized by euthyroidism as the 
generalized resistance to the TH (GRTH)(2).

Resistance to the TH (RTH) is an autosomal 
dominant syndrome with reduced sensitivity to 
the TH at variable degree(2). Most of the cases 
(85 %) are due to heterozygotes mutations in 
the TH receptor (THR) gene, which affects the 
binding domain to the ligand and determines a 
deterioration in the union and/or the transacti-
vation of T3(3,4). RTH patients achieve a normal 
metabolic state at the expense of high levels of 
TH, maintained by TSH secretion in response 
to hypothalamic thyrotropin-releasing hormone 
(TRH). However, this compensation varies among 
tissues and individuals, and can coexist both excess 
and deficiency of TH(2).

PRTH:  Pituitary resistance to thyroid hormone
RTH: Resistance to thyroid hormones
rT3: Reverse T3
Ru:  Ruthenium
Se: Selenium 
SHBG: Sexual hormones binding globuline
SMRT: Silencing mediator for retinoid and thyroid 

hormone receptors
SUα: α subunit
TBG: Thyroxine binding globulin
TC: High-resolution computed tomography
TH: Thyroid hormones

THBP: Thyroid hormone binding protein
THR: Thyroid hormones receptor
THRβwt: Wild type thyroid hormone receptor β
THRβmut: Mutant thyroid hormone receptor β
TRß: Thyroid hormone receptor β gene
TREs: Thyroid hormone response elements
TRH: Thyrotropin-releasing hormone
TSH: Thyrotropin
TSHoma: Thyrotropin-secreting pituitary adenomas
TTR: Transthyretin
TT3: Total triiodothyronine
TT4: Total thyroxine

PRTH is characterized by manifestations of 
excess of TH in peripheral tissues and may include 
several conditions not related between them, such 
as non-neoplastic pituitary hyperplasia, pituitary 
defect of type 2,5’-deiodinase, and GRTH with 
hyposensitivity at pituitary level(2).

TSHomas comprise less than 2 % of all pituitary 
adenomas. They present clinically with hyper-
thyroidism. Most of them are macroadenomas 
(larger than 1 cm)(5) and have the negative regula-
tion by TH impaired. Regarding the cause of the 
defect, it is unknown, although it could involve 
somatic mutations in the TH receptor β (THRβ)(6).

3. OBJECTIVE

The incidence of inappropriate secretion of TSH is 
generally low, however, to establish the differential 
diagnosis between different clinical conditions 
included under the syndrome, is usually complex. 
The objective of this review is to properly charac-
terize such conditions, and to analyze biochemical 
difficulties in their differential diagnosis, empha-
sizing the best biochemical tools for that purpose.

4. PATHOGENESIS OF DIFFERENT 
CONDITIONS

4.1. Resistance to Thyroid Hormones

Receptors of TH (THR) belong to the super family 
of nuclear receptors and are encoded by two differ-
ent genes: TRα and TRβ located on chromosomes 
17 and 3, respectively. Each one of them, structur-
ally similar, generates by alternative splicing two 
isoforms: THRα1 and THRα2, and THRβ1 and 
THRβ2 by different transcription start points(7,8).

THRα1, THRβ1 and THRβ2 proteins have iden-
tical DNA binding domain (DBD) and the ligand 
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binding domain (LBD) sites. THRα2 joins the TH 
response elements (TREs), but due to a change in 
the sequence of LBD, it does not bind TH, thus 
does not function as a proper THR(9). THRα1 
is predominantly expressed in heart, bone, and 
brain(10), while THRβ1 does it widely in all tissues, 
and the THRβ2 primarily in anterior pituitary, 
hypothalamus, retina, inner ear and brain(11).

The THR homodimerizes or heterodimerizes 
with retinoic acid receptor and binds to specific 
sequences of DNA termed TREs. In the absence 
of T3, the THR (heterodimer and homodimer) 
are associated with corepressors as the nuclear 
corepressor (NCoR), and the silencing mediator for 
retinoid and thyroid hormone receptors (SMRT), 
that repress or silence the transcription of genes 
positively regulated by the ligand. The union of 
T3 to the THR releases the corepressors and re-
cruits nuclear caoactivators as NCoA-1, NCoA-2 
and NCoA-3(12).

    To date more than 124 mutations were found 
in THRß, which except in one family, all were 
found in 7 to 10 TRß gene exons, and 15 % were 
de novo mutations(13). The mutants (THRßmut) 
interfere with the function of the wild type THRß 
(THRßwt), a phenomenon known as dominant 
negative effect. This supposes the occupation of 
the TREs for the THRßmut which translates into 
effects alone or combined such as: non-union of T3, 
affinity reduced by T3, affinity limited by corepres-
sors, or impaired interaction with coactivators(14,15).

The nature of the mutations found in the RTH 
and their effect on the structure of the THRß, 
suggests that disease can be mediated by a defect 
in the release or the recruitment of coregulatory 
proteins of the THRß, more than the inability of 
the THRß to bind the ligand. This hypothesis is 
based on the fact that the deletion of a THRß allele 
does not cause any disease, while the expression of 
a single mutant allele of THRß leads to RHT due 
to their negative dominant properties(16).

This complexity is parallel to the clinical phe-
notype of the syndrome, whose characteristics and 
severity vary among patients. The types of muta-
tions of THRßmut cannot predict invariably the 
severity of the disease, so that individuals with the 
same genetic lesion may not have the same symp-
toms(17). The severity of the resistance depends on 
the degree of damage in the LBD and interaction 
with tissue specific nuclear cofactors(14). Due to 
the variable distribution of isoforms of the THR 
in different tissues in the same subject, is possible 
to find different clinical phenotypes. Another fac-

tor that can regulate the degree of resistance in a 
tissue is the relative expression of  THRßmut with 
regard to THRßwt(18).

TH levels elevated in patients with RTH require 
that both thyrotroph and TRH hypothalamic re-
leasing neurons present resistance(19). Thus, the 
PRTH may result from alterations in the three ma-
jor sites involved in the physiological mechanism 
that regulates the hypothalamus-pituitary-thyroid 
axis: the hypothalamic dorsomedial nucleus (which 
acts as a metabolic sensor), and TRH-producing 
neurons, and the pituitary thyrotrophs(20).

It should also consider that 15 % of individuals 
with RTH has no mutation in the THR and that 
the RTH with mutations in the THR is clinically 
and biochemically indistinguishable from the RTH 
without gene mutations. Therefore, the absence 
of a mutation does not necessarily exclude the 
diagnosis of RTH(21).

4.1a. Clinical manifestations of resistance to thyroid 
hormones

Although the two broad categories described, 
GRTH and PRTH, have been clinically defined 
with conceptual purposes, the RTH is a complex 
disorder that can present as a whole spectrum of 
possible symptoms(22).  

The GRTH manifests itself as a general in-
ability to appropriately respond to the elevation 
of HT, causing a loss of negative feedback on the 
hypothalamus-pituitary-thyroid axis, leading to 
the no suppression of TRH, TSH, T3 and T4, 
and a parallel decrease in response of peripheral 
tissues to T3 and T4. This decrease in peripheral 
sensitivity allows the GRTH to imitate the clinical 
aspects of hypothyroidism, despite high levels of 
T3 and T4(23).

In the PRTH there is also a loss of negative 
feedback on the hypothalamus-pituitary-thyroid 
axis, causing no suppression of TSH, TRH and TH, 
but with enough sensitivity of peripheral tissues to 
T3 and T4 to induce symptoms of thyrotoxicosis24.

When mutations in the THR associated with 
GRTH are expressed in either of the two isoforms, 
β1 or β2, show an inhibition of the response to 
T3 proportional to the effects caused, existing a 
general decrease in the response but preserving 
the increased ratio β2 greater than β1. In con-
trast, mutations present in the PRTH shows a 
selective damage on the expression of the THRβ2, 
resulting in a relationship β1 equal to β2 in the T3 
response(23).
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TABLE 1. Frequency of signs and symptoms in RTH. (IQ: 
intellectual quotients)

Translated from Weiss RE, Dumitrescu AM, Refetoff S 2010 
Approach to the patient with resistance to thyroid hormone 

and pregnancy. J Clin Endocrinol Metab 95:3094-3102.

Clinical manifestation Frequency (%)

Goiter 66-95
Emotional disturbances 60
Recurrent ear and throat infections 55
Delayed bone age > 2 SD 29-47
Attention deficit hyperactivity disorder 40-60
Sinus tachycardia 33-75
Hyperkinetic behavior 33-68
Low Body mass index (in children) 33
Learning disability 30
Short stature (< 5th percentile) 18-25
Hearingloss (sensorineural) 10-22
Mental retardation (IQ<70) 4-16

The mutations of THRβ2 that cause a dispro-
portionate inhibition in the response to T3, can 
disrupt the ability of the pituitary gland and the 
hypothalamus of sensing properly T3 levels rather 
than the periphery, therefore in the PRTH on the 
hypothalamus-pituitary-thyroid axis loses all or 
part of their T3 levels sensing ability, which causes 
a TSH and a TRH not suppressed, and an increase 
in the circulating TH. In these individuals, mutant 
receptor THRβ1, less affected than THRβ2, would 
retain the ability to respond to this increase in TH 
and would produce peripheral thyroid toxicity(23). 

In table 1 the clinical manifestations and their 
frequencies are presented in the RTH. The com-
bination of goiter, palpitations and tachycardia 
occurs in 75 % of patients with GRTH and almost 
all who have PRTH(18).

4.2. Thyrotropinoma

The term TSH-secreting pituitary tumor includes 
two opposite conditions regarding its functional 
expression: true thyrotropic neoplasia (TSHoma) 
which causes secondary hyperthyroidism, also 
called central hyperthyroidism, and pituitary 
hyperplasia resulting from a long term primary 
hypothyroidism(5).

Most of TSHoma (72 %) secret only TSH, with 
an overproduction of the α subunit (SUα). In 28 % 
of adenomas, there are concomitant secretion of 
TSH and other anterior pituitary hormones, main-

ly growth hormone (GH) and/or prolactin (PRL). 
This may be due to the fact that somatotroph and 
lactotroph cells share with thyrotrophs common 
transcription factors, such as Prop-1 and Pit-1(5,25).

The first case of TSHoma was documented in 
1960 by measuring TSH concentration by bioas-
say(26), and since then approximately 400 cases 
have been described. The introduction of ultrasen-
sitive immunoassays enabled the earlier differen-
tial diagnosis between primary hyperthyroidism 
and TSHoma before the stage of macroadenoma(27).

TSHomas consists of a defect in the negative 
regulation of TSH by the TH. The mechanism 
by which this regulation is lost is unknown, but 
may involve a defect in signaling via the THR(6). 
Somatic mutations in the THR, the increased 
expression of the growth factor of fibroblasts, the 
loss of heterozygosity and the polymorphisms, in 
particular of the somatostatin receptor 5, are in-
volved in the pathogenesis of the tumor27. Patients 
have physical signs and symptoms of excess of TH, 
and the TSHomas are almost always presented as 
macroadenomas that can cause visual and vascu-
lar complications(28). As thyrotrophic cells consist 
of less than 5 % of all the pituitary gland cells, 
the TSHomas represent about 2 % of pituitary 
tumors(29), with a prevalence in the population 
of around one in a million, so they are a rare 
cause of hyperthyroidism compared with primary 
hyperthyroidism. However, this secondary hyper-
thyroidism should be excluded in the differential 
diagnosis, since not recognize it can lead to inap-
propriate treatments with serious consequences 
for the patient, including hypopituitarism, and 
complications in the visual field of vision due to 
compression of the optic chiasm(30).

4.2a. Clinical manifestations of Thyrotropinoma

The clinical aspects of patients with pure thyrotro-
pinomas are of hyperthyroidism of variable sever-
ity, with diffuse goiter uninodular or multinodular, 
and approximately in the 72 % of the cases, there 
is association with any sign or symptom of tumor 
compression, such as headache, visual disturbance, 
or hypopituitarism(31).

It is relatively common that these patients are 
initially diagnosed as primary hyperthyroid, and 
treated with antithyroid drugs, radioiodine and/or 
thyroid surgery, which can alter permanently the 
thyroid status. In rare cases, thyrotropinomas may 
be clinically silent and diagnosed as non-secretory 
adenomas(31).
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A partial or total hypopituitarism was observed 
in 25 % of cases, with headache in 20-25 %, and 
visual defects in approximately 50 % of patients, as 
a result of the suprasellar extension or invasion(25).

The most frequent association with concomitant 
hypersecretion of GH and/or PRL, may cause acro-
megaly and/or amenorrhea/galactorrea(25).

Signs and symptoms of hypopituitarism should 
be carefully evaluated. The gonadal axis is fre-
quently affected. Menstrual disorders are present 
in all females with mixed TSH/PRL tumors and in 
one third of those with pure TSHoma. Central hy-
pogonadism, delayed puberty and decreased libido 
have been described in male patients with either 
‘pure’ or mixed TSH/PRL adenomas(32).

4.3. Abnormality in the serum binding proteins

In blood, TT4 and TT3 circulate bound to the 
thyroid hormone binding protein (THBP): TBG, 
albumin and TTR. This binding serves as extrathy-
roidal deposit of TH, and ensures an uninterrupted 
contribution to various tissues(33). Any abnormality 
in the THBP, either in their concentration or in 
their affinity to the TH, cause significant altera-
tions in its binding capacity, which lead to changes 
in the proportion of free and binded hormones in 
circulation. However, the thyroid status of an in-
dividual remains unchanged while the concentra-
tion of serum free thyroxine (FT4) remains within 
normal levels(33,34).

Changes in the TH caused by abnormalities in 
the THBP can create confusion in the diagnosis of 
thyroid dysfunction, since a discordance between 
the levels of TSH and TT4 is established, and as 
these abnormalities in the THBP coexist in non 
thyroidal disease, can also make difficult it diag-
nosis and treatment(34).

Therefore, the identification and quantification 
of abnormalities in the THBP in patients with dis-
cordance between TSH and TT4, added to ambigu-
ous clinical findings, is very important, especially 
if it lacks a reliable method to measure FT4. This 
will facilitate the unequivocal diagnosis of thyroid 
dysfunction in the euthyroid hyperthyroxinemia, 
euthyroid hyporthyroxinemia or euthyroxinemic 
hyperthyroidism(35).

4.4. Specific and nonspecific antibodies

Physicians should be aware of the potential in-
terferents in immunoassays, and always suspect 

about inconsistent results with the clinical state of 
patient, since the wrong interpretation, as a result 
of such interference, can cause misdiagnosis, un-
necessary investigations, delay in the beginning 
of treatment or, still worse, the instauration of an 
inadequate treatment(36).

Although the RTH and autoimmune thyroid 
disease can co-exist, the presence of autoantibodies 
increases the suspicion that circulating substances 
may interfere with the determination of TH, and 
more rarely with TSH(37). The presence of endoge-
nous both specific and non-specific antibodies, may 
cause in single or double antibody immunoassays 
TH, falsely diminished or high values, depending 
on the nature of the interference and the design 
of the assay(38).

With respect to the nature of the interference, 
specific endogenous antibodies or autoantibodies 
have analite-specific interference (anti T4 and 
T3 antibodies), while non-specific endogenous 
antibodies or heterophile antibodies have method-
specific interference [HAMA (human anti-mouse 
antibodies) and rheumatoid factor among oth-
ers(38-40).

With regard to the design of the assay, those that 
use labeled analogs or one step assays, in which 
the assays antibodies, the patient serum and the 
tracer are in contact all along the procedure, are 
the most susceptible to interference. Meanwhile 
the two steps methods, where the extraction of the 
TH is followed by a wash step, which eliminates 
all other components of the serum before adding 
the labeled hormone, seem less or no affected by 
the autoantibodies(38).

The prevalence of the interference depends on 
the method capability for autoantibodies detection. 
It is low in healthy patients, but it can increase 
up to 10 % in patients with autoimmune disease, 
although in most of them there is no an obvious 
substantial interference(38).

Heterophile antibodies produced interference 
by the common mechanism of promoting the bind-
ing between the capture antibody and the signal 
antibody in the absence of the analyte. This type 
of non-specific binding result in falsely elevated 
values. On the other hand if heterophile antibodies 
bind only to the capture antibody, and affect the 
variable region or block sterically the binding, even 
when not directly bind the site recognized by the 
analyte, the values will be falsely decreased. This 
type of interference has been described mainly 
for TSH by immunometric methods, although it 
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has been also demonstrated for a competitive as-
say of FT4(3). Most current methods use sufficient 
quantities of HAMA blockers (such as nonspecific 
murine IgG) to suppress the interference, however, 
in some specimens with high titers of antibodies, 
may persist a clinically important interference(38).

For electrochemiluminiscent methods using 
ruthenium (Ru) as luminescent material, there 
are antibodies that can reduce the amount of emis-
sions produced by excited Ru, producing  –both in 
immunometric as in competitive assays– falsely 
elevated or diminished values respectively(41).

Ru is a transition metal used in electrical con-
tacts in alloys with Palladium and Platinum with 
high resistance to wear, in the production of elec-
tronic systems with thick film technologies, and 
in the manufacture of electric contact-resistant. 
Induction of antibodies anti-Ru could result from 
the entry of the Ru into the food chain or by ex-
posure to residues on the clothing(42).

5. BIOCHEMICAL TESTS FOR THE 
DIFFERENTIAL DIAGNOSIS BETWEEN 
THYROTROPINOMA AND RESISTANCE TO 
THYROID HORMONES

The distinction between TSHoma and RTH using 
biochemical tests represents a major challenge 
since no single test is conclusive, so the diagnosis 
should be based on a combination of tests like de-
termination of TSH, TH, SUα, peripheral markers 
of the TH action that will be mentioned later, and 
dynamic tests of stimulation of TSH with TRH 
and TSH suppression with T3(10).

5.1. Thyrotropin

There is significant overlap in the TSH values 
among patients with TSHoma and RTH(43). Al-
though all patients with TSHoma secrete large 
amounts of TH, the TSH concentration varies 
from normal (possibly due to intact feedback) to 
very high (for a possible increase of their biologi-
cal activity due to changes in the glycosylation of 
the molecule), unlike other pituitary secreting 
adenomas as somatotropinomas and corticotro-
pinomas which always secrete large amounts of 
hormones(44).

In addition in the TSHomas there are an in-
crease of the frequency of pulses with normal 
amplitude, an increase in the basal (non-pulsating 
release), and a significant change (two hours delay) 

in the circadian rhythm, that translates into higher 
TSH values in the morning(44).

The RTH in turn is associated with the secretion 
of different isoforms of TSH in which chains of 
carbohydrates have a higher percentage of exposed 
Galactose/N-acetylglucosamine, which leads to an 
increase in biological activity with the presence of 
goiter and thyroid hypersecretion, despite normal 
levels of immunoreactive TSH(45).

5.2. Thyroid Hormones

In Table 2 are shown different clinical or physi-
ological conditions that presenting with euthyroid 
hyperthyroxinemia and should be differentiated 
from TSHoma or RTH.

Most of these conditions can be differentiated 
with the clinical history of the patient and by 
measuring FT3 and FT4(25). TT4 normal levels 
were found in several patients with TSHoma, even 
when they had and severe signs and symptoms of 
hyperthyroidism. This indicates that the measure-
ment of the free TH is mandatory(25).

In the RTH, the concentration serum of rT3 
(reverse T3) is high(37), while TT4 and TT3 can 
be slightly to very increased, but maintaining a 
normal TT3/TT4 relationship(2), in contrast to the 
disproportionate increase of T3 characteristic of 
autoimmune thyrotoxicosis(8).

5.3. Thyrotropin α subunit

Absolute values of SUα have excellent sensitiv-
ity and specificity, although as it has been said, 

TABLE 2. Conditions associated with euthyroid 
hyperthyroxinemia. Translated and modified from Beck-
Peccoz P, Brucker-Davis F, Persani L, Smallridge RC, 

Weintraub BD 1996 Thyrotropin-secreting pituitary tumors. 
Endocr Rev 17:610-38.

Increased circulating transport proteins (albumin, TTR TBG)
FDH
Abnormal TTR forms
Anti-TSH or TH antibodies
Neonatal period
Systemic illness
Acute psychiatric illness
Drugs (amphetamine, amiodarone, oral contrast agents)
Replacement therapy with LT4 (levothyroxine)
Defects in the conversion of T4 to T3
TSHoma
RTH
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individually used could mislead the diagnosis in 
postmenopausal women, in which the determina-
tions of LH and FSH (who share SUα with TSH) 
are common(43). SUα concentration is a measure 
of the excessive secretion of TSH in the TSHoma 
at the expense of an increase in the pulsatility, as 
intrinsic feature of the adenoma, and not by the 
action of stimulatory peptides or neurotransmit-
ters(44).

High levels of  SUα, or a relationship SUα 
(µg/L) /TSH (mU/L) x10 greater than 1(46), are 
indicative of TSHoma in more than 90 % of the 
cases, although a normal result does not exclude 
this diagnosis(27).

5.4. Liothyronine suppression test

Werner test that measures the response to high 
dose of liothyronine (LT3) is used to assess the 
presence and extent of hormone resistance, and al-
lows getting a diagnosis of RHT when mutation in 
THRβ has not been identified. The aim of using LT3 
instead of LT4 is its faster action -which reduces 
the period of administration of the hormone-, and 
the reduction of symptoms in sensitive individu-
als due to its shorter half life, although the test is 
contraindicated in patients with heart problems(37).

Oral administration of 100 µg/day of T3 for 
10 days, is effective to demonstrate autonomy 
(TSHoma) or refractoriness (RTH) of the pituitary 
thyrotrophs to the TH(5).

    In Figure 1 it can be seen the response of the 
peripheral tissues in normal and RTH individu-
als to administration of LT3. Attenuated SHBG 
(sex hormone binding globulin) stimulation, and 
suppression of ferritin, cholesterol, and creatine 
kinase (CK) is compatible with RTH(8).

5.5.  Thyrotropin-Releasing Hormone
stimulation test

The test is performed with 200 to 500 µg TRH 
intravenously injection, and TSH is measured at 
0, 15, 30, 45 and 60 minutes post injection(47).

RTH patients have a normal or exaggerated re-
sponse while patients with TSHoma usually show 
a flat response(48). Decreased or absent response 
has good sensitivity and excellent specificity in 
patients with intact thyroid although a slightly 
decreased sensitivity after the thyroidectomy(43). 
The lack of response, suggests that TRH receptor 
may be absent or may not be functional, however 
is present in the majority of tumors(5). A normal or 

partial response would indicate possible etiological 
or molecular differences between TSHomas(49,2).

5.6. Se (Selenium)/ Cu (Copper) ratio

Serum Cu levels increase by action of the TH 
mainly by increase of the synthesis and release of 
ceruloplasmin by the liver, and decreases due to 
intracellular competition of the proteins that bind 
Cu (Metallothionein)(50).

In the TSHomas, high levels of TH would simi-
larly increase Se and Cu in the serum with only 
a small net effect on the Se/Cu ratio, while in the 
RTH, the induction of Cu is abolished due to the 
dysfunctional THRβ, leading to a higher Se/Cu 
ratio in these patients(50). 

5.7. Peripheral Thyroid Hormones markers

Some of them are measured in vivo, as basal 
metabolic rate, cardiac systolic time intervals, 
“Achilles” reflex time, while other as SHBG, cho-
lesterol, angiotensin converting enzyme, soluble 
interleukin-2receptor, osteocalcin, carboxy ter-
minal telopeptide of type I collagen (ICTP), etc. 
are measured in vitro. In particular, SHBG and 
bone parameters (ICTP) were satisfactory to dif-
ferentiate hyperthyroid patients with TSHoma of 
those with PRTH(25). Similar to common forms of 

Figure 1. Response of peripheral tissue in normal and RTH-
subjects to LT3 administration. Translated and adapted from 
Refetoff S, Dumitrescu AM www.thyroidmanager.org. Thyroid 
hormone resistance syndromes 2012.
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hyperthyroidism, 80 % of patients with TSHoma 
have high levels of SHBG and ICTP, unlike patients 
with PRTH having normal values(51,52).

6. COMPLEMENTARY STUDIES

As well as other tumors of the sellar region, 
nuclear magnetic resonance (MRI) is the study 
of images of preference for displaying a TSHoma. 
The high-resolution computed tomography (CT) is 
the alternative method in case of contraindications 
to MRI, as in patients with pace maker. Most of 
the TSHomas are diagnosed in the stage of mac-
roadenomas, and in two-thirds of the cases there 
are different degrees of suprasellar extension or 
invasion of sphenoidal sinus(25).

In the RTH, thyroid radioiodine uptake is in-
creased and perchlorate discharge no occurs.

The chronic administration of long-acting 
somatostatin analogues in patients with central 
hyperthyroidism, caused a marked decrease 
in FT3 and FT4 in almost all patients with 
TSHoma, while patients with PRTH did not 
respond. Therefore, treatment with them for at 

least two months may be useful in the differen-
tial diagnosis(53). 

7-TREATMENT

7.1. Thyrotropinoma

Failure to diagnose a TSHoma can have serious 
consequences for the patient, as surgery or thy-
roid ablation, which in turn can lead to increased 
volume of the tumor becoming an invasive mac-
roadenoma(5).

The first choice of treatment is pituitary sur-
gery, although usually the complete removal is not 
possible since these lesions are usually diagnosed 
in the stage of macroadenoma and are invasive. 
Only a third of patients achieved cure with this 
procedure(54).

Pituitary radiotherapy or treatment with soma-
tostatin analogues are alternative valid if surgery 
is contraindicated or has previously failed(54).

Although the efficacy of the conventional radio-
therapy in the treatment of these tumors appear 
as minor than in other pituitary tumors, contin-

TABLE 3. Differential diagnosis between TSHomas and RTH. Adapted from Beck-Peccoz 
P, Persani L www.thyroidmanager.org. Thyrotropin-secreting pituitary adenomas 2012

 Parameter TSHomas RTH P
  mean ± SE mean ± SE 

Female/Male Ratio  1.3 1.4 NS
Familial cases  0 % 82 % < 0.0001
TSH mU/L  3.0 ± 0.4 2.3 ± 0.3 NS
FT4 pmol/L  38.8 ± 3,9 29.9 ± 2.3 NS
FT3 pmol/L  14.0 ± 1.2 11.3 ± 0.8 NS
Lesions at CT or MRI   99 % 23 % < 0.0001
Germinal TRβ Mutation 0 % 84 % < 0.0001
High TSH Biological/immunological 38 % 90 % NS
High SUα levels  69 % 3 % < 0.0001
High SUα/TSH ratio  81 % 2 % < 0.0001
Elevated SHBG and/or ICTP 90 % 8 % < 0.0001
Blunted TSH response to TRH test 87 % 2 % < 0.0001
Abnormal TSH response to T3 suppressiona 100 % 100 %b NS
FT4/FT3 reduction/normalization during
   long-acting somatostatin analoguesc 92 % 0 % < 0.0001

aWerner's test (80-100 µgT3 for 8-10 days). Quantitatively normal responses to T3, i.e.
complete inhibition of both basal and TRH-stimulated TSH levels, have never been recorded in either 
group of patients.
bAlthough abnormal in quantitative terms, TSH response to T3 suppression test was
qualitatively normal in 45/47 RTH patients.
cTwo or more injections of somatostatin analogues (e.g., Octreotide-LAR 20-30 mg every month or 
Lanreotide Autogel 120 mg every 6-8 weeks).
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ues to be widely used due to the relatively low 
cure rate that have the surgical option, and the 
non existence of other therapeutic methods with 
proven possibility of definitive cure. Radiosurgery 
(“Gamma Knife”) could have greater efficacy in 
the treatment of residual lesions, especially in the 
cavernous sinus, if experience with this method 
would be less limited(31).

Treatment with somatostatin analogues re-
vealed that TSH levels are normalized in 70 % of 
patients, and in 38 % of them, tumor size decreases 
in 20 %(55). Only in cases of partial or complete re-
sistance to them, dopamine agonists could be used, 
either associated or isolated, considering that they 
have less therapeutical efficiency(31).

7.2. Resistance to Thyroid Hormones

In the RTH no treatment can correct the defect 
completely, and would be important not to inter-
vene only with the purpose of normalizing TSH or 
TH levels, but to make the correct diagnosis, and 
to avoid surgical and/or antithyroid treatment in 
asymptomatic patients(37).

The 3,5,3´-triiodothyroacetic acid (TRIAC), 
analog TH, was useful in the treatment of RTH, 
as well as other drugs like the dextrothyroxine 
(D-T4) that can suppress TH concentrations by 
the suppression of TSH(56).

Other drugs that decrease TSH concentrations 
include glucocorticoids, somatostatin and dopamine 
agonists such as bromocriptine and pergolide which 
can reduce the concentration of TSH, but lose ef-
fectiveness when used over anextended period of 
time(37). Somatostatin analogues have a limited use 
due to their side effects and the inability to keep the 
TSH suppressed. They may also cause a paradoxical 
increase of TSH in some pacientes(56).

Patients who have not been properly diagnosed 
and have surgery or radioiodine thyroid ablation 
performed to correct the biochemical abnormali-
ties, present a recurrence of goitre, dysfunction 
of the pituitary-thyroid axis and subsequent 
hypothyroidism. They should be treated with 
supraphysiological doses of LT4 (500 to 1000 µg/
day) to reduce the potential risk of thyrotrophic 
hyperplasia and adenoma(18).

    Surgical treatment of goiter is not effective at 
long term, because on the contrary to autoimmune 
thyroid disease, in the goiter there is no underlying 
destructive process and recurrence is significant, 
so it is more effective to inhibit the growth of the 
thyroid gland by the suppression of TSH(37).

    A single supraphysiological daily dose of LT3, 
is effective in reducing the size of goiter with no-
table cosmetic advantages, without side effects. At 
the moment, and considering the high incidence of 
failure in the outcomes of the surgery, that seems 
to be the treatment of choice, with an adjusted 
LT3 dose depending on the concentration of TSH, 
thyroglobulin and size of the goiter(57).

8. CONCLUSION

The TSHoma and the RTH constitute the main 
etiologies of syndrome of inappropriate secretion 
of TSH characterized by non-suppressed TSH and 
high levels of TH.

The distinction between TSHoma and PRTH 
can be difficult since both conditions do not pres-
ent significant differences in age, sex, gender or 
concentrations of TSH, FT4 and FT3. No individual 
biochemical test can validate the differential diagno-
sis that must be based on a combination of evidence 
and observations: serum concentration of SUα and 
relationship SUα/TSH, TSH response to TRH, TSH 
response to suppression with LT3, genetic analysis 
for the presence of mutations in the gene of THRß, 
and history of an affected first-degree relative. The 
latter is virtually diagnostic of RTH, since the dis-
order is familial in 80-90 % of cases.

The co-secretion of others (GH, PRL), pituitary 
hormones, as well as imaging studies such as MRI 
and CT of pituitary gland can contribute to dif-
ferential diagnosis.

The importance of the differential diagnosis 
of these rare clinical conditions, are related to 
diagnostic and therapeutic challenges that they 
presented. Therefore, the failure to recognize them 
as different entities may have deleterious conse-
quences, such as thyroid ablation in patients with 
central hyperthyroidism, or unnecessary pituitary 
surgery in those with PRTH. Conversely, early 
diagnosis and proper treatment of the TSHomas 
can improve the cure rate and prevent serious 
neurologic and endocrine complications, visual 
defects by the compression of the optic chiasm, 
headaches and hypopituitarism.
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