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Central Hypothyroidism (CeH)

Definition: CeH is a rare form of hypothyroidism characterized by a

state of insufficient stimulation by TSH of an otherwise normal thyroid
gland — implying a disturbed functioning of the pituitary gland
(‘secondary hypothyroidism’) or the hypothalamus (‘tertiary
hypothyroidism’)

It is frequently a component of multiple pituitary hormone deficiency,

which may complicate both diagnosis and management

Epidemiology: prevalence of ~1/15,000 is largely underestimated
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Causes of central Hypothyroidism (CeH)

Table 2. Causes of CeH

Invasive and/or compressive  Pituitary macroadenomas

lesions of the pituitary sella Craniopharyngiomas
region Meningiomas or gliomas
Rathke cleft cysts

Metastatic seeding
Carotid aneurysm

[atrogenic causes Cranial surgery onirradiation

Drugs (e.g., rexinoids, mitotane)

Injuries Head traumas
Traumatic delivery

Vascular accidents Pituitary infarction
Sheehan syndrome
Subarachnoid hemorrhage

Autoimmune diseases Postpartum hypophysitis

Lymphocytic hypophysitis
Infiltrative lesions Iron overload

Sarcoidosis

Histiocytosis X
Inheritable defects MPHDs or| isolated CeHI
Infective diseases Tuberculosis

Mycoses

h Syphilis
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Factors challenging the diagnosis and management of CeH

v’ Manifestations of central hypothyroidism (CeH) are often mild and can
be masked by those of other associated pituitary hormone deficiencies

v'Circulating TSH levels are generally normal/low and cannot be used as a
diagnostic or therapeutic marker: the “reflex TSH strategy” is not valid !

v’ Lack of accurate parameters for diagnosis and for therapy adjustment

v’ Interference by other hormonal deficits and their treatment in the
thyroid hormone equilibrium

v’ Other usual difficulties encountered for primary hypothyroidism: assay
interferences, nonthyroidal illnesses and other non-CeH conditions

v No international accepted guidelines up to 2018
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Difficulties in establishing guidelines

v Central hypothyroidism is a rare condition and many aspects have
not been studied in a systematic way

v Very few randomized controlled studies and few prospective
studies (level of scientific evidence is usually low)

v’ Large differences between practices across countries and centres
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The task force produced 34 recommendations:
18 dedicated to the diagnosis |8

g 16 dedicated to the management and treatment y

@RADE ” system - guidelines from the ETA \

2 strengths of recommendations

1: strong or recommendation (applicable to most conditions)
2: weak or suggestion (applicable only to particular conditions)

4 levels of evidence (from 3000 to FDIJ)

DSBS : RCT and meta-analyses
D30 : large-scale non randomized and observational studies

OO0 : case series and consensus expert opinions

/ \ OO0 : case reports or expert opinions




Recommendations 1 a 9 : In which patients should we suspect CeH ?

In patients with low free T4 concentration and low/normal TSH (1/ 2220)

. In patients with low free T4 concentration and only mildly elevated TSH
(inappropriately lower than expected based on hypothyroid state) (2/2200)

- In neonates and children with manifestations of congenital hypothyroidism but a
normal or low TSH at neonatal screening (1/ v222)

=  |n neonates and children with a family history of CeH and/or unexplained growth
retardation, developmental delay, delayed or precocious puberty, or other signs of
congenital hypothalamic-pituitary disease (1/ 2oe2)

= |n adult patients with a personal or familial history of hypothalamic-pituitary disease,
moderate to severe head trauma, stroke, previous cranial irradiation, iron overload,

in particular when hypothyroid manifestations are present (1/ 2220)
. In adolescents or adults with a macro-orchidism (suspected mutation of the
‘immunoglobulin superfamily member 1’ or IGSF1 gene) (1/ 2220)
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Recommendations 1 a 9 : In which patients should we suspect CeH ?

In all patients with or without hypothyroid manifestations but with clinical findings
pointing to a hypothalamic-pituitary disease (e.g., hyperprolactinemia, acromegalic
features, diabetes insipidus, recurrent headaches, visual field defects) (1/ 2ee2)

in patients with a known hypothalamic-pituitary insufficiency after onset of growth

hormone or estrogen treatment (1/ 2220)

After onset of a drug known to suppress TSH such as a RXR agonist (bexarotene),
ipilimumab, other immune checkpoint inhibitors or mitotane (1/2200)
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Recommendations 10 a 18 : diagnosis of central hypothyroidism
(including milder

£ A
10117115)

Recommendation 10

Diagnosis of CeH requires the combined determinations of fT4 (or free T4 index) and TSH
concentrations (1/ 2222)

Recommendation 11

CeH diagnosis is ascertained by the combined findings of a serum FT4 (or FT4 index) below
the lower limit of the normal range and inappropriately low/normal/only mildly
elevated TSH concentrations on at least 2 separate determinations, after exclusion of
conditions with biochemical features that could lead to an erroneous CeH diagnosis .

(1/ 2220)
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Table 3. Conditions with biochemical features that could lead to an erroneous CeH diagnosis.

Non-thyroidal illness |(low T3 syndrome)|or iodination defect (SBP2 gene mutation)

Gestational |hypothyroxinaemia (to be interpreted in the context of trimester-specific FT4

reference ranges for pregnant women)

L-T4 withdrawal syndrome

Recovery from|thyrotoxicosis

Technical assay problems or interferencelor TBG defects (in case of total T4 determination)

|| Drugs | inhibiting TSH secretion (glucocorticoids, dopamine, cocaine, anti-epileptics or anti-

psychotics)  and which usually do not lead to significant CeH (but there are exceptions!)

Premature birth kdelayed TSH rise in hypothyroid infants)

Allan-Herndon-Dudley syndrome (MCT8 mutations)

THRA mutations (RTHao)

TSHR mutations with conserved bioactivity but lost immunoreactivity of circulating TSH
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Concentrations of irTSH and free T4 at diagnosis in patients with a
known central hypothyroidism
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Accuracy of various parameters in diagnosing Central Hypothyroidism

Free T4 is the most sensitive parameter to detect CeH
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Recommendations 10 a 18 : diagnosis of central hypothyroidism

Recommendation 13

In patients under follow-up for hypothalamic-pituitary disease or after cranial

irradiation, FT4 and TSH should be monitored at least on a yearly basis (biannually in
children), and we suggest that CeH diagnosis should be considered when serum FT4

falls in the lower quartile of the normal range, in particular when a FT4 decrease >

same lab and by the same assay), and with a low or normal TSH. (2/2000)

=> free T4 concentration may be normal (low) in central hypothyroidism !

20% of previous values is observed (provided that the variables are measured in the




Longitudinal evolution of thyroid function tests after cranial irradiation
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Longitudinal evolution of free T4 after cranial irradiation: a cohort study

A prospective follow-up study of 267 children and adolescents irradiated for a low-grade glioma
or ependymoma
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Recommendations 10 a 18 : diagnosis of central hypothyroidism

Recommendation 14 (suggestion)

Mild CeH diagnosis (FT4 in the lower quartile of normal range with inappropriately
low TSH) can be supported by a combination of several other findings (of variable
significance) (2/2000)

Table 4. Tests and findings useful to support the diagnosis of CeH in ambiguous conditions.

Blunted (<4 mU/L) or delayed (peak after 60 minutes) TSH responses to TRH (200 pgiv)

Insufficiency of other pituitary hormone secretion

Blunted nocturnal TSH surge

Evidence of CeH| in first-degree relatives

Causative mutation(s) in candidate gene(s)

Low bioactivity of circulating TSH

Low TSH index [TSHI= log TSH (mU/L) + 0.1345 x FT4 (pM)]

Otherwise unexplained alterations in variables of thyroid hormone action (eg, high
/ | cholesterol, bradycardia, low body temperature, echocardiographic findings)




Recommendations 15 to 18 : Genetics of CeH

Recommendation 15

Genetic analyses should be performed in congenital CeH , CeH diagnosed during infancy or
at any age if the cause of confirmed CeH remains unexplained (1/2200)

Recommendation 16

In index cases, genetic analyses may be performed by direct sequencing using a
phenotype-driven approach or by NGS with a panel of candidate genes  (1/2200)
(Persani L and Bonomi M, Best Pract Res Clin Endocrinol Metab. 2017,;31:255-263)

Recommendation 18

If a mutation is found in an index case, genetic analyses should be extended to all first
degree family members, whether symptomatic or not, to confirm genetic status and
detect an early/mild form of CeH (1/2220)
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Candidate genes involved in genetic forms of CeH (isolated or combined with other
pituitary hormone deficits) and associated phenotype

Genes inheritance and Phenotype
TSHEB Recessively inherited severe isolated CeH of neonatal onset with low TSH, high a-GSU and normal PRL concentrations, pituitary hyperplasia
TRH-R Recessively inherited CeH with normal TSH and low PRL concentrations, blunted TSH/PRL responses to TRH, growth retardation during
childhood, prolonged neonatal jaundice; no lactation defect in affected women First diagnosed sometimes in adults
TBL1X X-linked mild isolated CeH, normal TSH concentrations, impaired hearing
IGSF1 X-linked CeH affecting males and females with skewed X chromosome inactivation, associated with low PRL, variable GH deficiency,
metabolic syndrome and post-pubertal macro-orchidism
POU1F1 Dominantly or recessively inherited CeH of variable age of onset, combined with GH and PRL defects, prominent forehead, midface
hypoplasia and depressed nose
PROP1 Recessively inherited CeH with variable age of onset, combined with GH, PRL, LH/FSH defects, and delayed ACTH deficiency, small to large
pituitary volume
HESX1 Dominantly or recessively inherited hypopituitarism associated with septo-optic dysplasia (SOD) (
SOX3 X-linked hypopituitarism, anterior pituitary hypoplasia with ectopic posterior pituitary and persistent cranio-pharyngeal canal
SOX2 Dominantly inherited variable hypopituitarism, pituitary hypoplasia, microphtalmia, variable learning difficulties
OTX2 Dominantly inherited hypopituitarism, anterior pituitary hypoplasia with ectopic posterior pituitary, and ocular defects
LHX3 Recessively inherited hypopituitarism with inconstant ACTH defect, short and rigid cervical spine, and variable hearing defect
LHX4 Dominant or recessively inherited variable hypopituitarism, anterior pituitary hypoplasia with ectopic posterior pituitary, Arnold-Chari
syndrome, corpus callosum hypoplasia
NFKB2 Dominantly inherited DAVID syndrome (variable immune deficiency and ACTH defect) with variable GH and TSH deficiency
CHD7 Dominantly inherited CHARGE syndrome (coloboma, heart anomaly, choanal atresia, retardation, genital and ear anomalies) with ectopic
posterior pituitary and variable LH/FSH, TSH and GH defects, (214800)
EGER1 Dominantly inherited Kallmann syndrome (central hypogonadism and anosmia), variable associations with defects of other pituitary
hormones including TSH, septo-optic dysplasia and ectopic posterior pituitary
FGES Recessively inherited Kallmann syndrome, variable associations with defects of other pituitary hormones including TSH, holoprosencephaly
and corpus callosum agenesia
PROKR2 Variable hypopituitarism associated with septo-optic dysplasia or pituitary stalk interruption, variable inheritance
LEPR Recessively inherited hyperphagia and obesity, combined with central hypogonadism and hypothyroidism




Recommendations 19 a 34: Treatment of CeH

Recommendation 19

No convincing argument in the literature to support the use of combined T4+T3
treatment and this association is at greater risk to induce overtreatment

First line treatment of CeH is administration of levothyroxine (L-T4) (1/ @oe2)




Treatment of CeH

Thyroid Hormone Replacement for Central
Hypothyroidism: A Randomized Controlled Trial
Comparing Two Doses of Thyroxine (T,) with a
Combination of T, and Triiodothyronine

Marc Slawik, Bjorn Klawitter,* Edith Meiser,* Marcus Schories, Oliver Zwermann, Katrin Borm,

Martin Peper, Beate Lubrich, Martin J. Hug, Markus Nauck, Manfred Olschewski, Felix Beuschlein, and
Martin Reincke

Conclusions:
= Using a fixed dose of 1.6 pug/kg BW of L-T4 was better than dose titration for a
fT4 at the median to improve markers associated with central hypothyroidism.

= Treatment with the combination of T4+T3] was associated with small additional

beneficial effects on ankle reflex time and working memory but resulted in
supraphysiological free serum T3 (= hyperthyroidism)

J Clin Endocrinol Metab 2007; 92: 4115-4122
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Recommendations 19 a 34: Treatment of CeH

Recommendation 20

When a diagnosis of CeH is confirmed in infancy, childhood or adulthood, replacement
treatment with L-T4 should be started only after evidence of conserved cortisol
secretion. If coexistent central adrenal insufficiency is not ruled out, thyroid

replacement must be started after steroid therapy in order to avoid the possible
precipitation of an adrenal crisis. (1/ 2222)
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Recommendations 19 a 34: Treatment of CeH

Recommendation 21

In severe congenital forms of CeH (example: TSHP mutation), treatment must be started

as soon as possible and at high doses, similar to those used in primary congenital
hypothyroidism (10-12 pg/kg/jour) (1/ 2o22)

Recommendation 22

In milder forms of congenital CeH (example: TRH-R mutation), treatment may be started
at lower doses (5-10 pg/kg/jour) to avoid overtreatment (2/2000)

Recommendation 23

In CeH forms diagnosed during infancy or adolescence, treatment should be started at
doses of 3.0-4.0 and 2.0-2.4 pg/kg/jour, respectively (2/2200)
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Recommendations 19 a 34: Treatment of CeH

Recommendation 24

In adult patients with CeH, L-T4 replacement may be started progressively but should
reach a dose according to age and body weight as follows:

= 1.2-1.6 yg/kg/day in patients younger than 60 years of age
=  1.0-1.2 pyg/kg/day in patients older than 60 years of age

aiming at a free T4 concentration in the upper limit of normal range

with a TSH level that will usually be suppressed if the L-T4 dose is optimal (1/2200)
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Treatment of CeH in adults : a clinical case

e Melanie, 45 yr-old (75 kg): hypopituitarism after surgery for a large compressive
pituitary macroadenoma - CeH treated with L-T4 75 pg/day (1.0 pg/kg)

e Endocrine visit: fatigue ++, weight gain, headaches and cognitive dysfunction
e Hormonal assessment: TSH 0.9 mU/L (0.4-4.0) - fT4 11.4 pM (11-22)

e Dose increase to 100 pg/day (1.33 pg/kg) = clinical improvement

e Next blood test (GP): TSH 0.05 mU/L (0.4-4), fTAL 16,5 pM (11-22)

- her GP concludes to overtreatment and reduces the dose to 75 pg/day
= her symptoms of hypothyroidism recur....

,The wrong TSH reflex strategy”
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TSH is normally and rapidly suppressed under low doses of L-T4 in CeH

% of patients

R/ L-T4 50 pg/day for 2 weeks in patients with CeH
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Ferretti E et al, JCEM 1999; 84 (3):924-9.



Retrospective study of 41 patients with treated CeH
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Retrospective of 101 patients with treated CeH

B Group 1 (n=46): undertreated - fT4 < 1.40 ng/dl (nl: 0.80-2.00)
B Group 2 (n=55): correctly treated — fT4 = 1.40 ng/dlI
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Group 2 had a lower BMI and cholesterol level than Group 1

O. Alexopoulou et al, Eur J Endocrinol 2004; 150:1-8
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Clinical Endocrinology (2011) 74, 744-749 doi: 10.1111/j.1365-2265.2011.03984.x

ORIGINAL ARTICLE

Diagnosis and treatment of hypothyroidism in TSH deficiency
compared to primary thyroid disease: pituitary patients are at risk
of under-replacement with levothyroxine

Olympia Koulouri*, Mohammed A. Auldin*, Ravi Agarwal*, Veronica Kieffer*, Carole Robertson*, James Falconer
Smitht, Miles J. Levy* and Trevor A. Howlett*

Table 3. Distributions of free T4 values in patients with pituitary disease and controls with primary thyroid disease

fr410th  fT4 fT490th  Below Above
Number centile median  centile Refrange  Refrange  fT4<11  f[4<13

All audit 514 11 14 18 12% 0-2% 16:1% 46'9%
Low risk pituitary - not on treatment 155 11 14 16 0% 0% 10-3% 48-4%
Low risk pituitary - on T4 16 10 13 18 6:3% 0% 25% 56:3%
High risk pituitary- not on treatment 212 11 13 17 0% 0% 17:0% 50%
TSC controls - not on treatment 3777 12 14 17 0-2% 0% 84% 33-8%
High risk pituitary -on T4 131 10 15 20 3-8% 0-8% 20:6% 389%r
TSC controls - on T4 1357 14 17 21 0% 0-8% 1'5% 95%7

-L Belgian Thyroid Club, November 30, 2019
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Recommendations 19 a 34: Treatment of CeH

Recommendation 25

It is recommended to avoid treatment of milder forms of CeH (FT4 concentrations within
the lower limit of normal range) in elderly patients > 75 years of age. (1/2200)

Recommendation 26

Adequacy of replacement therapy should be checked regularly with FT4 (or FT4 index)
measurement, and administration of L-T4 should be given after the morning blood
withdrawal. (1/2220)
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Recommendations 19 a 34: Treatment of CeH

Recommendation 32

In CeH patients, up-titration of the L-T4 dose should be considered in all conditions listed

below:

= retarded psychomotor and cognitive development in infants and children;

=  introduction of GH replacement therapy;

"  introduction of oestrogen replacement therapy or oral contraceptives;

=  pubertal development;

=  controlled ovarian stimulation;

= pregnancy;

= weight gain;

"  introduction of treatments impacting LT4 absorption or thyroid hormone
metabolism.

(1/2200)
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CeH and replacement with other pituitary hormones

GH treatment increases the conversion of T4 - T3 and will lower fT4 levels
> CeH may be uncovered after after starting GH replacement therapy

> if treated, a dose increase of LT4 is indicated in more than 50% of patients

Study in 66 patients with hypopituitarism and treated with GH — after 6 months:

» 8/17 patients (47%) with apparently normal thyroid function at baseline became
hypothyroid (47%)
» 9/49 (18%) patients with CeH adequately treated with L-T4 had low fT4 levels

» In total, 17/66 patients (26%) had deteriorated their thyroid function...

/ -7 S. Porretti et al, J Clin Endocrinol Metab 2002; 87:2042-5
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CeH and replacement with other pituitary hormones

Estrogen treatment in women also requires often an increase in the L-T4

dose in patients with CeH

Table 4 Thyroid parameters according other pituitary hormone treatments.

GH Estrogens Cortisone Testosterone
no yes no yes no yes no yes
T4 (po/dl) 9.1+24 8.6+1.4 8.7+1.6 104+27 7.9+2.0 9.1+2.1 7.6+2.1 85+1.8
T, (ng/dl) 1404 1.5+0.2 1.4+0.3 1.5+0.3 1.3+0.3 1.4+0.3 1.3+04 1.4+0.2
Ts (ng/dl) 92+32 95+15 82+17 100+28 99+40 89+21 82+12 92+ 31
Tz (pg/ml) 29+11 3.2+0.7 2.7+0.5 3.1+0.9 3.3x1.4 3.0+0.8 2.7+05 3.2+1.1

TSH (wU/ml) 0.2+0.5 = 0.3+0.4 = 05+0.8*  0.1+03  0.5+05"*  0.2+05
T, dose (pgkg/day) 1.6+05* ( 1.8+05 ) 1.3+0.3* 1.8+06 ) 1.5+0.5 1.6+05  1.4+04 1.6+0.5

Values are shown as means+s.o.; *P < 0.05, **P < 0.01, *** P < 0.001 vs respective treated group.

/ -7 O. Alexopoulou et al, Eur J Endocrinol 2004; 150(1):1-8



Recommendations 19 a 34: Treatment of CeH

Recommendation 33

In patients with CeH, down-titration of the L-T4 dose should be considered in elderly
patients, after delivery, after menopause or when the concomitant treatments listed

in the previous recommendation are withdrawn. (1/2200)
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