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T3 (96,192)

T4 (96,192)

*TSH (96,192)

Free T3

Free T4

T-Uptake

PTH

*Anti-Tg

*Anti-TPO

*Tg

HIV

HCV

HBsAG
*Anti-H.pylori-IgG
*Anti-H.pylori-IgA
*Anti-H.pylori-IgM
*Ferritin

*Folate

*Vitamin B12

PR3 sensitive-c-ANCA
MPO-p-ANCA

PT (4ml,10ml)

PTT (4ml,10ml)

*CA19- 9

*CA15- 3

*CA-125

*CEA

*AFP

*PSA

*Free PSA
*Progesterone
*(E2) Estradiol
*Testosterone
*Free Testosterone
*170H-Progesterone
*Cortisol

*DHEA-S

ANA-8S

ANA-HeP2

ANA Quantitative
dsDNA-Check
dsDNA-IgG
RA/CCP Detect

CCp (3rd Generation)
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25-Hydroxy Vitamin D (96,192)
*IgE (96)

*LH

*FSH

*PRL

AMH

*BHCG Titr

BHCG Rapid
Cardiolipin-IgG & IgM
B2-Glyco-lgG & IgM
B2-Glyco-Check
Phospholipid-Screen-GM
Pro C

Pro S

GLIA-IgA

GLIA-IgG

tTg-A

tTg-g
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*GH

*Insulin

Interleukin-6

*Troponin |
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POCT Immunoassay System
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4 individual test channels
Rapid whole blood test
Simple, Rapid, Accurate

3-level Calibration System
Assure reliable and accurate results

Multi-methodologies
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Thyroid Function Tests

(Interpretation Challenges)

M Reza Bakhtiari, DCLS, PhD

a @ dr.bakhtiari.academy



Challenging TFTs

Definition:

1. Discordant Results vs. Clinical Picture

2. Inharmonious Results

s ANA eds DNA *CCP e AMH e Folate .
\ *CA 125 *CA19-9 *eCA15-3 g a-g HHHHHHHHHHHHH
AUV () - ——————— T



Challenging TFTs Results
(A Systematic Approach)

9/84



Challenging TFTs Results
(A Systematic Approach)

Screen for Laboratory Artifacts

!

Consider Rare Cases

10/84



Clinical Considerations

@ dr.bakhtiari.academy
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Goiters

1. Eu-thyroid Goiter
2. Hypo-thyroid Goiter

3. Hyper-thyroid (Toxic) Goiter

12/84



Thyroid Scan

A. Normal

C. Toxic mng D. Toxic adenoma

13/84



Symptoms & Signs of Thyroid Disease

Hyperthryroidsm [Overactive) % Cases | Mypothyroidism (Underactive) % Cases

Rapid heart rate 00 | Weaknass ==
Goiar 00 | Dry or coarse skin ar
Nenousras 99 | Fatguo a1
Tramor 97 | Slow speech a1
ressed swelng 81 | Sweling of ayaiids 90
Haat inlolerancs 89 | Cold ntolarance &
Paipaion 89 | Thick longus &
Faligus 88 | Slow movements 0
Weightioss 85 Swelingattae 79
Trouble breathing or shortage of beasth. 88 | Mamoey Impaimment 75
Weaknoss Coratipafion 61

oI gain =
[Farios =
Troubéa breathing or shorage of breath 35
Ankia swaling ')

Poor agpotto Emm _ ®»

Gote >

Slowed hasrt rate 10

14/84



Symptoms & Signs of Hyperthyroidism

Symptoms % Signs %

Nervousness ag Tachycardia 100

Excessive sweating A Goiter 97

Intolerance 1o heat 89 Tremor 97

Palpitations 89 Warm and wet skin 90

Fatigue 88 Thyroid murmur 77

Weight loss 85 Eye disorders 71

Dyspnea 75 Afrial fibrillation 10

Weakness 70 Gynecomastia 10

Increased appetite 65 Palmar erythema 8

Ocular complaints 54

Limb edema 35

Increased frequency of 33 Il’a hi

bows! movements lap Pa i

Diarrhea 23 ] en ts 5
Menstrual disorders 20 )
Anorexia 9

Weight gain 2

Arq Bras Endocrinol Metab vol.57 no.3 Sdo Paulo Apr. 2013
http.//dx.doi.org/10.1590/S0004-27302013000300006

15/84
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Proper Test Utilization

T3, T4

T3, T4, TSH . T4, T3U

T3, T4, T3UP, FTI + TSH, Free T4
TSH, Free T4 9 « Anti TPO

TSH, Free T4, Free T3 e T3
Anti TPO, Tg, Anti tg

16/84



T3 (FT3) Indications

Indications for Measurement

Required

Fotential thyrotoxicosis with suppressed TSH
and normal serum free T4,

During antithyroid drug therapy to identify
persistent isolated T3 excess.

Diagnosis of amiodarone-induced thyrotoxicosis,

Useful
Early recurrence of thyrotoxicosis.
Extent of T3 excess durning suppressive T4 therapy

Mot required or misleading
Diagnosis of hypothyroidism
Dwring critical illness

Dwring routine T4 replacement
Screening of asymptomatic subjects
Fonitoring of T3 treatment

Clin Biochem Rev Vol 24 November 2003
17/84



Relationship Between T4 and T3

(Various Disorders)*

T4
Low Normal High
*Severe hypothyroidism. *NTI . - ,
Low *TBG deficiency. # *Medications. Hyperthyroidism with severe NTI
*Severe nonthyroidal illness. | *Fetus. -Amiodarone
*Euthyroid hypothyroxinemia | *Restricted nutrition. '
lodine deficiency. *T4 treatment.
T3 *Euthyroid hyper- thyroxinemia.
Normal | -T3 treatment. *Hyperthyroidism with
nonthyroidal iliness.
*Hypothyroidism. *T4 binding autoantibodies.
lodine deficiency . *Hyperthyroidism.
T3 toxicosis *Excess T4 ingestion
High *T3 treatment 9

*Antithyroid drugs

*T3 binding Auto Abs

*Hormone resistance.
*TBG excess #

* Excludes short term changes related to initiation or cessation of therapy

# Effect on total hormone concentration; free hormone concentration remains normal.

http://www. thyroidmanager.org/chapter/clinical-strategies-in-the-testing-of-thyroiad-functionl 18/84




HPT axis physiology

1,000 . * Log-linear relationship between TSH and FT4
» Patient Specific Set Point
o0g ..
10
4.0 -
Sensitive Sensor: TSH TSH
miliL Heference
Range
0.4 -
0.1
— .01
Undelectable

Hypo- | FT4 Reference

thyraid Range Hyperthyroid

Y
23 pmollL

9
Froo T4
e {'ll?’ 1.8 ngidL
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ASSESSMENT of CLINICAL SIGNIFICANCE of RESULTS

TABLE 7-2
Clinically Significant Difference between Two Consecutive

Patient Results

Analyte Change
Total T, 2.2 ug/dL
Free T, 0.5 ng/dL
Total T, 35 ng/dL
Free T, 0.1 ng/dL
TSH 0.75 mIU/L|
Thyroglobulin 1.5 ng/mL

Data from Baloch Z, Carayon P, Conte-Devolx B, et al: Laboratory medicine practice
guidelines: laboratory support for the diagnosis and monitoring of thyroid
disease, Thyroid 13(1):3-126, 2003.

T;, Triiodothyronine; T,, thyroxine; TSH, thyroid-stimulating hormone.

20/84



TSH Biological Variations

* Inter individual Variation: High 32%

* [ntra individual Variation: Moderate 20%

— Serial determination in a person: A 0.75 mlU/L

* A wide population-based RI

a @ dr.bakhtiari.academy
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TSH Diurnal Rhythm
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TSH Reference Interval

TSH DISTRIBUTION (mIU/L)
I3 !
1.Age
6% 2.Gender
] é 3.BMI
5% - 2 £ 4.Ethnicity
9 g 7 5.Smoking Status
& 1 ¢ 6.12 Intake
a“ v & p—
~ " ¢ 7.Subclinical States
¢ % 8.Various Isoforms
3% &
2%
1% =3
0% - |
0.00 1.00 2.00 3.00 4.00 5.00 6.00

J Clin Endocrinol Metab 90: 5483—-5488, 2005) 23/84



Progesterone (ng/ml)

TBG (mg/dl)

Pregnancy Induced TFTs Changes

150 ; - 25
—Progesterone
105 | L= Estrogens / 1 ”o
100 | 7 Ls
75 - L .10
" “\ '- T -y -
501 , SR -5
i L L L] L L L L L L) Ll 0
0 4 8 12 16 20 24 28 32 36 40
3.5 - - 25
3.0 - -20
2.5 - 15
2.0 1 e —TBG -10
- - - Total T4
1.5 4 L5

0

4 8 12 16 20 24 28 32 36 40
Weeks of gestation

Estradiol (ng/ml)

TT4 (mcg/dl)

hCG (1U/ml)

FT4 (ng/dl)

150 - -4.5
175- — hCG -3.5
---TSH
100 - 2.5
75 A _-1.5
50 1. 0.5
o . T ‘:- T T T T T T -O
0 4 8 12 16 20 24 28 32 36 40
1.8 - 400
1.4 - 340
1.0 - - 280
0.6 1 —— Free T4 220
---FreeT3
0.2 - - 160
0 4 8 12 16 20 24 28 32 36 40

Weeks of gestation

24/84
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TFTs Reference Intervals in Pregnancy

American Thyroid A.  Iran Endocrine Society

TSH (miu/L):
1St Trimester: 0.1-25 0.2-3.9
2"d Trimester: 0.2-3.0 05-4.1
3" Trimester: 0.3-3.0 0.6-4.1
TT4 & TT3:

Adult RI * 1.5

Hurricane |
POCT Immunoassay System

25/84
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Changes of TFTs after Birth
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THYROID FUNCTION TESTING, Springer, 2010
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TSH value mU/I

6-00 -

550
5.00
450
400
350
3-00
2:50
2-00
1:50
1-00
050

0-00

Aging and TSH Reference Interval

Age Specific RI: for >70 years up to 6.0

1
a
o
A
A A 2 A
A
A - o = o
i & A & a o
o a g A A
A — A Female 2:.5thcentile |——
A Female 97-5th centile
a Male 2:5th centile
a Male 97-5th centile
o a o
A
: A g 4 § @& @« 4 a @ R Fg § g g § a
1-5 10 15 20 30 35 40 45 50 55 60 65 70 75 80 85 90 >90

Source: Clin Endocrinol @ 2012 Blackwell Publishing

27/84



TFTs Reference Intervals

(infants, children and adults)

Age Free T4 T4 Free 13 T3 TsH TBG
(ng/dL) (ug/dL) (pg/dL) (ng/dL) (mU/L)  (mg/dL)

Cord blood 0.9-22 7.4-13.0 1575 1.0-17.4 2551

14 days 2253 14.0-28.4 180760 100-740 1.0-39.0

220 weeks 0.9-23 7.2-15.7 185770 105245 1.791 2.1-6.0

5—24 months 0.8-1.8 7.2-15.7 215770 105269 0.88.2

27 years 1.0-21 6.0-14.2 215700 94241 0.7-5.7 2053

8—20 years 0.8-19 4.7-12.4 230-650 80210 0.7-5.7 1.84.2

2145 vears 0.9-2.5 5.3-10.5 210440 70204 0.4—4.2 1.84.2

THYROID FUNCTION TESTING, Springer, 2010

Clinically Significant Difference between Two Consecutive

Patient Results

Analyte

Change

Total T,
Free T,
Total T,
Free T,
TSH

Thyroglobulin

2.2 pg/dL
0.5 ng/dL
35 ng/dL
0.1 ng/dL
0.75 mlU/L
1.5 ng/mL

28/84



Non Thyroidal lliness (NTI)
(Euthyroid Sick Syndrome)

Some Examples

Gastrointestinal diseases
Pulmonary diseases
Cardiovascular diseases
Renal diseases

Infiltrative and metabolic disorders
Inflammatory conditions
Myocardial infarction
Starvation

* Sepsis

* Burns

« Trauma

* Surgery

» Malignancy

* Bone marrow transplantation

- ANA

W

- NEW KITS

eds DNA

—--—————d

-~
-~ \T3

~-

- CA 125

Mild Moderate Severe

e CCP = Folate

* AMH

e CA19-9 *CA15-3

A rosa



Mechanisms of TFTs changes in NTI

Hypothalamus * Malnutrition — + Leptin —» 4 TRH
* Sepsis/Inflammation — TD2 (tanycyle) — T T; — L TRH
Pituitary * Cytokines — 4 TSH
Plasma * Acute phase response — L TBG — L TT4 L TTs
* TCompetitors for TH binding proteins — 4 TTs | TTs
* Free Ts and free T4 may also fall due to a central
hypothyroidism
Tissue uptake # 1 Ty/T; uptake
* T or unchanged thyroid hormone transporter
expression
lntracellular * \L’ D1 Li‘k'ﬂ]'.l'rkidnﬂ}"
deiodination * T D2 Muscle, prolonged illness, LPS, turpentine
1 D2 Muscle/pneumonia
* T D3 Muscle/liver
Nuclear TH receptors|* T Chronic illness
and coactivators * 1 Acute illness

Journal of Endocrinology (2010) 205, 1-13
30/84



Concept of Steady State Conditions & Treatment

ATD or HAI Rx,
I
T
Clinical
Phaes Hyperthyrold Transition W
FT= ‘———\
EUTHYROID
HREFEREMCE
RANGE
TSH
I | |
Momths O 1 2
Mozt Dlagnostically
Accurale Test 30 FT4

Laboratory support for the diagnosis and monitoring of thyroid disease. Thyroid 2003; 13:1-126.

31/84



Thyroiditis
(TFTs Time Course)

Normal
range

TSH

Hyperthyroid phase Hypothyroid phase Recovery
One to six months Two to eight months

32/84



Medications

@ dr.bakhtiari.academy
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Thyroxin Replacement Therapy

(Poor compliance to LT4)

Tl-
mg/day
-
0
E.D =
anT‘ I I .I I -_I."_--
maliL ] I I I II 1 fy
p u III:I:I l|'ll.'l
1i|,‘.l
TSH 100
mU/L
50 +
ff f
l ! ! 1 ! 1
0 2 4 [ 8 11 14

Months

Intermittent hormone ingestion may result in
normal or even elevated Thyroid Hormone levels,
but fails to normalize TSH.

Clinical Endocrinology (2011) 74, 673—-678 34/84



Drug Effects on TFTs

Table II. Effects of some drugs on thyroid function tests

Cause Drugs Effects

Inhibit thyroid hormone synthesis or release Lithium, sulfonylureas LFT4, L FT3, T TSH
from the thyroid gland

Decreases friiodothyronine hormone production  Glucorticoids, propranolol, amiodarone, propylthiouracil | FT3 leads to T FT4

by inhibiting peripheral conversion of FT4 fo FT3

Stimulate TSH secretion lodine, lithium, dopamine antagonists, cimefidine TTSH
Inhibit TSH secretion Glucocorticoids, dopamine agonists, somatostatin 1 TSH
Inhibit T4 and T3 binding to fransport profeins  Phenyfoin, sulfonylureas, diazepam, furosemide, salicylates T FT4, T FT3

Inhibit gastrointestinal absorption of ingested Cholestyramine, ferrous sulfate, aluminum hydroxide, L F14, T TSH
thyroid hormones for those on thyroid treatment  and sucralfate

CME Vol 31, No 11 (2013)

35/84



Guideline Based Approach

a @ dr.bakhtiari.academy
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Guidelines based Evaluation for Suspected Hypothyroidism

Signs & Symptoms of Hypothyroidism

l

Measure TSH
|

Measure unbound T, Pituitary disease suspected?
| ]
Mild Primary No further | | Measure unbound T,
hypothyroidism hypothyroidism tests
| |
TPOAb* or TPOAb™, no TPOAbD* TPOADL @ #m
t ti t

symptomatic symptoms : No further

Autoimmune Rule out other tests

hypothyroidism causes of
hypothyroidism | | o e out drug effects, sick

euthyroid syndrome,
T, treatment | | Annual follow-up | | T4 treatment thenyevalu a};e anterior

pituitary function

Source: Longoe DL, Fauci AS, Kasper DL, Hauser 5L, Jameson JL, Loscalzo 10 Harrison's
Frinciples of Internal Medicine, 18th Edition: www.accessmedicine.com 17/84

CoanvEinoht © The MeGeaw-Hill Coamnanieas Tine. &l Finhts racsread]



Guidelines based Evaluation for Suspected Hyperthyroidism

Signs & Symptoms of Hyperthyroidism

v

Measure TSH, unbound T,

|
| | | l

TSH low, unbound TSH low, unbound TSH normal or increased, TSH and unbound
T4 high T4 normal high unbound Ty T4 normal
| 1 |
Primary Measure TSH-secreting
thyrotoxicosis unbound Ty pituitary adenoma

| or thyroid hormone

resistance syndrome

T toxicosis | | Subclinical No further tests
hyperthyroidism
I
Features of Follow up in
Graves' diseased? 6-12 weeks

S b

Graves' disease | | Multinodular goiter or toxic adenoma®?

B >

Taoxic nodular hyperthyroidism Low radionuclide uptake?

Destructive thyroiditis, iodine excess | | Rule out other causes including stimulation
or excess thyroid hormone by chorionic gonadotropin 38/84




TSH (log scale) - mU/|

FT4 & TSH Possible Results

3
6
0.2 e o0 coeemes oo @ FarH
0.11 eeo ounccnss i ®eo | @ © se PY
7 8 Hyper 9

| 1 1 I | I I I I I
4 6 8 10 12 14 16 18 20 22 24 26 28 30
FT4 (pmol/l)

39/84



FT4(|) & TSH (1)

Common
Chronic autoimmune thyroiditis
Post radioiodine Therapy
Post thyroidectomy
Hypothyroid phase of transient thyroiditis

Less Common (anti-TPO negative, no radioiodine or surgery)
Post external-beam irradiation to the neck
Drugs: amiodarone, lithium, interferons, interleukin-2

TSH (log scale) - mU/|

Female

lodine deficiency
lodine excess-iodide goitre in Japan (water purification units)

0.1 *0s sunsans @ o

Goitrogens 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Amyloid goitre (large, firm goitre with systemic amyloidosis) FT4 (pmol)
Riedel's thyroiditist

Rare:
Congenital—thyroid tissue absent
Thyroid dysgenesis possibly associated with TSH-receptor, PAX-8, and 77F2 mutations

Congenital—thyroid tissue present
lodine transport defects—Ilow radioiodine uptake or saliva iodine
lodine organification defect

Congenital-high radioiodine uptake, positive perchlorate discharge
Thyroglobulin synthetic defect—low thyroglobulin concentration
TSH-receptor defects THE LANCET « Vol 357 + February 24, 2001
Resistance to TSH with other (unspecified) defects



Global lodine Availability

(Natural availability and |, consumed as food additives)

] Unknown \ {J a;;m
Bl Severe deﬂmencf‘d_(
B Moderate deflmen{y

_1 Mild deficiency

1 Possible deficiency
H Optimal

O Slight excess

B Significant excess
B Probable excess

41/84



FT4 (1) & TSH (])

Common

Primary hyperthyroidism.
Graves' disease

100.04

Multinodular goiter ]
Toxic nodule = %
T 100
Relatively common-with low radioiodine uptake i‘ 07
Transient thyroiditis: § 2
Postpartum g 1o
Silent (lymphocytic) B
Postviral (granulomatous, subacute, De Quervain's) 031 } S SR

T~

0.24 e 00 seemes 00 @ Female

0.1 - 000 SuRMENER @0 | »

* Hyp®€r

Rare—with a low radioiodine uptake

Thyro?(lne mges’gon . 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Ectopic thyroid tissue or struma ovarii FT4 (pmol/l)
lodine induced

Amiodarone therapy

Rare—with a positive pregnancy test

Gestational thyrotoxicosis with hyperemesis gravidarum
Hydatidiform mole

Familial gestational hyperthyroidism

Rare-familial or resistant to treatment

Activating germline TSH-receptor mutation R —

42/84



TSH (log scale) - mU/|

Subclinical Thyroid States

(Zones 2 & 8)

Subclinical hypothyroidism

®
48 0 PTEEENEIERERERd §P
¢ O U EUIERIR IS ¢
G el (oSO CEDIBUSESID O ¢ 0o

L ¢ oooeme® ¢ ¢ ©

Subclinical hyperthyroidism

Female

4 6

8

! 1 1 1 ! I I I I I
10 12 14 16 18 20 22 24 26 28 30

FT4 (pmol/l)

43/84



FT4 (<) and TSH (1)
(Zone 2)

Common = -
. .. 100.0+ I Subclinical hypothyroidism
« Subclinical Hypothyroidism .
200
20

Rare

» Heterophile (interfering) antibody
Macro-TSH
Poor compliance with thyroxine

TSH (log scale) - muUJ|

1.0+ »
« Malabsorption of thyroxine il ==
* Drugs (e.g. ar_niodarone, Li, sertraline, ' i s

cholestyramine) gid i i |8 -
° NTl recovery phase R S‘ubcli?icalhypert'hyroi?ism B
4 6 8 10 12 14 16 18 20 22 24 26 28 30
FT4 (pmol/l)

Congenital

» TSH-receptor defects

* Resistance to TSH associated with other (unspecified) defects

 Biologically inactive TSH

* Pendred’s syndrome—some cases (associated with sensineural deafness and goitre)

THE LANCET « Vol 357 » February 24, 2001 44/84



Hypothyroidism Stages

1. Subclinical Hypothyroidism  TSH1 T4
2. Mild Hypothyroidism TSH!? T4|

3. Overt Hypothyroidism TSHTT T4 T3}

e

Tablel. |
Classification of hypothyroidism according to its clinical manifestations and endocrine biochemical parameters
(adapted from ref. 7).

Subclinical hypothyroidism |

Stage | Hyper-response Normal Normal Normal
Stage 2 Not possible Increased Normal Normal
Clinical hypothyroidism
| Stage 3 Not possible Increased Decreased Normal
| Stage 4 Not possible Increased Decreased Decreased

Castillo V, Rodriguez MS, Lalia J. Estimulacion con TRH y evaluacion de la respuesta de la TSH en perros. Su importancia en el diagndstico de la enfermedad tiroidea subclinica
(hipotiroidismo subclinico y tiroiditis autoinmune eutiroidea). Revista Cientifica 2001, 11.: 35-40. 45/84



Epidemiology of dysfunction in the Whickham survey
(#2779 adults for 20 years)

Women % Men % Ratio
Prevalence Tg antibodies 3 0.9 3.3
TPO antibodies 10.3 2.7 3.8
Subclinical
hypothyroidism (i 28 2ol
Hypothyroidism 1.8 0.1 18

Incidence Hypothyroidism 0.41ly 0.06/y 6.8

* Tunbridge WMG, Evered DC, Hall R, et al.: The spectrum of thyroid disease in the community: the Whickham Survey. Clin Endocrinol 1977, 7: 481-493.

»Vanderpump MPJ, Tunbridge WMG, French JM, et al.: The incidence of thyroid disorders in the community: a twenty-year follow-up of the Whickham Survey. Clin Endocrinol
1995; 43: 55-68.
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FT4 (—) and TSH (|)
(Zone 8)

Common 1000+
« Subclinical hyperthyroidism 23
« T3 Thyrotoxicosis _ a0
E 100f
Rare i, 504
- Recent treatment for hyperthyroidism § 9|
« Drugs (e.g. steroids, dopamine) $ 1o
e NTI z 7
P oaf
0.3
02

0.14 e emmmanen s |p . [ ’

Subclinical hyperthyroidism
4 6 8 10 12 14 16 18 20 22 24 26 28 3

FT4 (pmol/l)

eCL8000

Electro-chemiluminescence Immunoassay (ECLIA) System | 1
S ——

THE LANCET « Vol 357 » February 24, 2001 47/84



Importance of Subclinical Thyroid Dysfunction

Subclinical Thyrotoxicosis (JTSH, « FT4, FT3) - P
Progression to overt thyrotoxicosis b} \ ,
Exposure to iodine may precipitate severe thyrotoxicosis 7 " \ '
Threefold increased risk of atrial fibrillation after 10 years § gg o
Osteoporosis risk is increased g 07

Subclinical Hypothyroidism (Mild thyroid failure) (1TSH, < FT Zzl

Non specific symptoms may improve with treatment

FT4 (pmol/l)

Progression to overt hypothyroidism (~ 5% per year)
Adverse effect on foetal brain development in pregnancy
Adverse effects on vascular compliance

Independent risk factor for atherosclerotic disease?
Beneficial effect of treatment on lipids?

Increased prevalence of depressive illness?

Clin Biochem Rev Vol 24 November 2003



TSH (log scale) - mU/|

FT4 & TSH

(3-6 & 4-7 Zones)
3
6
0.2 e o0 coeemes oo @ FarH
0.11 eeo ounccnss i ®eo | @ © se PY
7 8 Hyper 9

| 1 1 I | I I I I I
4 6 8 10 12 14 16 18 20 22 24 26 28 30
FT4 (pmol/l)
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FT4 (1) and TSH (1 <)

(Zones 3, 6)
Rare (with discordant FT4 versus FT3) 10004 1 2 3
* Interfering Abs to thyroid hormones =
20.0
3 wolHypo
* FDH=Familial dysalbuminaemic hyperthyroxinaemia 2 00 l}f,im,ﬁr %
. . o 50T °
* Drugs (e.g. amiodarone, heparin) g o
w201
§ 1.0 6
Rare-other 5o 4
« Intermittent T4 therapy / T4 overdose 02] s —
* NTI (including acute psychiatric disorders) 0.1- sos comscamen w0 | . e .
« Neonatal period 7 18 | Hper 9
p_ L. 4 6 8 10 12 14 16 18 20 22 24 26 28 30
» TSH-secreting pituitary adenoma (ypen FF4 (pmol/l)

Resistance to thyroid hormone
Disorders of thyroid hormone
transport or metabolism

THE LANCET « Vol 357 » February 24, 2001 50/84



Resistance to thyroid hormone (RTH) vs
TSH-secreting pituitary tumor (TSHoma)

High FT4&FT3
Exclude methodological interferences

No
Elevated
Elevated
Elevated

Lesion

Impaired/absent
No

v

Thyrotropinoma

¥

Normal/high TSH

Measured by ultrasensitive methods

Affected relatives?
Serum o-GSU levels
0-GSU:TSH molar ratio
Serum SHBG levels
Pituitary MRI/CT scan
T5H response to TRH test
TSH response to T,
suppression test

Yes
MNormal
Narmal
Normal
MNormal
Normal/exaggerated
Qualitatively
normal

1. Best Practice & Research Clinical Endocrinology & Metabolism 23, 5, 2009, 597-606
2. Clinical Endocrine Oncology. John Wiley & Sons, Jan 26, 2009

'

Resistance to
thyroid hormones
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FT4(|)and TSH (— |*)
(Zones 4, 7)

100.04
50.0
Common ]
e NTI 200
« Recent treatment for hyperthyroidism 2 104
(TSH remains suppressed) .
3
* Rare .
- Central hypothyroidism g 074
* Isolated TSH / TRH deficiency S
0.21 ¢ 00 coemes 00 @ Female
0.1 000 oUNGIUNED 0 | @ o 20 5
7 | I I 8 | I I | I I I I I 9
4 6 8 10 12 14 16 18 20 22 24 26 28 30

FT4 (pmol/l)
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Challenging TFTs Results
(A Systematic Approach)

[ Revisit Clinical Context & Medications }

> -

[ Consider Rare Cases }

53/84
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TS
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Outlines

Molecular Structure
Assay Standardization / Harmonization
Assay Sensitivity

Assay Interferences
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TSH Molecular Structure

N Joa—ut
3=

ANA » CCP PTH

NEW Kits

»ds DNA AMH Folate

»CA125 CA19-9 . CAI15-3

GeneStar-96 Real-Time

PCR System

= Compact & High throughput
= High efficiency
= Reliable

- PR Gl Ol S0 = High flexibility

‘Lifotronic , | ig i.,



Thyroid Stimulating Hormone
(Characteristics)

v A heterodimeric glycosylated peptide
(92+118)

v’ 28-1t0 30- kDa

v' Synthesized & secreted from thyrotrophs of

the anterior pituitary

v" Turnover: 40-150 mU/day
v Half Life: 1 hour (Variable)

v' Major role: Regulates the growth and

function of thyroid gland

Grossmann, M., Weintraub, B.D.& Szkudlinski, M.W.. Novel insights into the molecular mechanisms of human thyrotropin action:

structural, physiological, and therapeutic implications for the glycoprotein hormone family. Endocr Rev , 18 , 476-501. (1997)
56/84



Thyroid Stimulating Hormone
(Glycobiology)

£ 50, )0, GE>SD,

oo :

major pituitary TSH hypothyroid TSH
glycoforms glycoform
@ fucose ] N-acetylgalactosamine

@ galactose  [] N-acetylglucosamine
()mannose ‘& sialic acid

https://www.aacc.org/publications/cIn/articles/2013/may/tsh-harmonization. Last seen: 4/23/2016

57/84



TSH Assay Standardization / Harmonization

- _ N B o ey o 5 ey L v o W Y
L NS = U N = 3 T > F= =5 8 €= 3 At = 2 €. > 1> L5 €= § 1 <> r—a

* ANA eds DNA *CCP s AMH * Folate *PTH

IDEAL
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NEW KITS Ul s Lt
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\ Electro-chemiluminescence
(L V- ) AAV.Y.O. a0 Immunoassay System Immunoassay (ECLIA) System
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Assay Standardization

Goal: Measurement results be comparable between laboratories and methods,
over time, with common reference ranges.

Definition: Calibration traceable to International System of Units using an RMP
(to cause to conform with a standard)

Requirements:

* Full Metrological Traceability
v'Reference Measurement Procedure (RMP)

v Certified Standard Reference Material (CRM)
v Traceability Concept

« Commutability

» Broad Range Coverage

The Joint Committee for Traceability in Laboratory Medicine (JCTLM)-http://www.bipm.org/ 59/84



Assay Standardization
(Full Metrological Traceability)

Certified Reference Materials Reference Measurement Procedures
(CRMs) (RMPs)
Material for calibration Measurement procedure
for value assignment

Define measurand and unit

Traceability

Primary reference eq.
Primary calibrator measurement procedure - Gravimetry
*IDMS
- Secondary reference
Manufacturer’s working measurement procedure
calibrator
: Manufacturer's master
Manufacturer’s product measurement procedure
calibrator
End user’s routine
Routine sample measurement procedure

Result

Adapted from EN ISO 17511
60/84



Measurement Procedure 2

10

Assay Standardization
(Commutability)

¢ Clinical Samples
® Reference Materials

2 4 6 8
Measurement Procedure 1

10

Miller 2012
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Thyroid Stimulating Hormone
(Assay Standardization)

Goal: Measurement results be comparable between laboratories and methods,
over time, with common reference intervals. (Very challenging for TSH)

Definition: calibration traceable to International System of Units using an RMP
(to cause to conform with a standard)

Requirements:

« Full Metrological Traceability
v" Reference Measurement Procedure (RMP): Not available for TSH

v" Certified Standard Reference Material (CRM): Not available for TSH

v" Traceability: No
« Commutability: No
 Broad Range Coverage: ?

The Joint Committee for Traceability in Laboratory Medicine (JCTLM)-http://www.bipm.org/ 62/34



TSH Standardization

Not feasible yet.

So, what to do?

Please Think about TSH Harmonization !?

63/84



TSH Harmonization
(Standardization Not Available)

» (Goal: Measurement results be close to each other.

(Standardization: Measurement results be comparable between laboratories and methods, over time
with common reference intervals.)

« Definition: To bring into an agreement, (to reach to a consensus)
* Requirements:

v" Applying Statistical Methods (All-Procedure Trimmed Mean=APTM)
v" Recalibration of Methods / Kits against consensus values

v" Manufactures contribution

Aldo Clerico, et.al., Clin Chem Lab Med; 53(3): 377-382, 2015
64/84



TSH Harmonization Steps
(IFCC C-STFT)

Clinical Guidelines for Dx and/or Rx
require comparable TSH measurements

\ 4

Define measurand: hTSH, intact, total
with specified glycoforms encountered
in clinical practice

\ 4

Reference Material: WHO IRP 80/558

V4

Reference Measurement Procedure: NONE

Develop panel of single donation samples
covering the TSH measurement range

Perform method comparison study, with
inclusion of each assay’s calibrators

Calculate All-Procedure Trimmed Mean

( ? [ Recalibrate TSH immunoassays to APTM

Transfer master calibration to routine methods

. 4

Results are uniform among
different TSH immunoassays

https://www.aacc.org/publications/cln/articles/2013/may/tsh-harmonization. Last seen: 4/23/2016 65/84



TSH Harmonization
(A Progress Report of the IFCC Committee for Standardization of Thyroid Function Tests)

Table 1. Characteristics of the FT4 and TSH serum panel

FT4 panel TSH panel
Number of samples 74 94
Target setting ED ID-LC/tandem MS APTM
Concentration range 3-77 pmol/l 0.04-80 mIU/
Inclusion criteria Individuals were at least 18 years old and competent to give informed consent, as considered by the physician, study nurse or

other health care professional interviewing the patient
Individuals being evaluated for a thyroid disorder and classified into one of the following groups (if possible evenly

distributed):

D: hyperthyroid (n = 30) A: hyperthyroid (n = 30)

Patients with FT4 values >28 pmol/l up to 40 pmol/I* Al: 10 patients with suppressed TSH, around 0.01 mIU/]
A2: 10 patients with TSH values between 0.01 and 0.1 mIU/1
A3: 10 patients with TSH values between 0.1 and 0.3 mIU/I?

E: euthyroid (n = 120) B: euthyroid (n = 30)

Patients with FT4 values between 10 and 28 pmol/I® Patients with TSH values between 0.3 and 3.0 mIU/I*

F: hypothyroid (n = 30) C: hypothyroid (n = 40)

Patients with FT4 values between 3 and 10 pmol/I* C1: 20 patients with TSH values between 3.0 and 50 mIU/FF

C2: 20 patients with TSH values >50 mIU/l up to 100 mIU/I
Donors treated for thyroid dysfunction were included, provided information on the type of treatment and start of the
treatment was available
Note: samples were measured for their endogenous analyte concentration, hence subjects treated with L-thyroxine were only
included in the TSH panel and vice versa for patients treated with recombinant TSH

Exclusion criteria Individuals previously enrolled into this clinical study
Individuals diagnosed with a severe N'TT, defined as a state of dysregulation where levels of T3, T4, FT3, and/or FT4 are
abnormal although the thyroid gland does not appear to be dysfunctional
Individuals with known pregnancy .

Linda M. Thienpont, et.al., Eur Thyroid J; 3:109-116 ,2014 66/84



TSH Harmonization
(A Progress Report of the IFCC Committee for Standardization of Thyroid Function Tests)

Table 2. Study participants and assays

Assay manufacturer Assay Analyte

Abbott Diagnostics Architect i2000SR FT4 and TSH

(Abbott Park, I11., USA)

Beckman Coulter, Inc. Access 2 FT4 and TSH

(Brea, Calif., USA)

bioMérieux s.a. VIDAS FT4 FT4

(Marcy-I'Etoile, France) VIDAS TSH & TSH3 TSH

DiaSorin S.p.A. (Saluggia, Italy) Liaison FT4 and TSH

Ortho-Clinical Diagnostics VITROS Immunodiagnostic Systems (ECiQ and 3600) FT4 and TSH

(Buckinghamshire, UK)

Roche Diagnostics GmbH Elecsys FT4 and TSH

(Mannheim, Germany)

Siemens Healthcare Diagnostics Inc. ADVIA Centaur FT4

(Deerfield, Ill., USA) ADVIA Centaur TSH3-UL TSH
Dimension RxL FT4 and TSH
Dimension EXL with LOCI module FT4
Dimension EXL with LOCI module (3rd generation) TSH
Dimension Vista 1500 FT4 and TSH
IMMULITE 2000 FT4
IMMULITE 2000 (Third Generation TSH) TSH

Tosoh Corporation (Tokyo, Japan)  AIA-2000 (ST AIA-PACK) FT4 and TSH

Linda M. Thienpont, et.al., Eur Thyroid J; 3:109-116 ,2014 67/84



Difference means (%)

TSH Harmonization
(A Progress Report of the IFCC Committee for Standardization of Thyroid Function Tests)

Before Recalibration

T
0.30

100
80

60 After Recalibration
40 -

Difference means (%)

. : -100 I T T
3.00 30.00 0.03 0.30 3.00 30.00
TSH APTM (miIU/1) d TSH APTM (mIU/I)
TSH Before recalibration After recalibration
Y 003-0505-5 >5 0.03-05 05-5 >5
mIU/l mIU/l mIU/l mlIU/l  mIU/l mIU/
I _33 23 21 -10 08 -11
A 77 -84 _17 _5.9 50 52
] -10 62 23 43 14 -04
M 87 54 03 _8.3 67 -33
L 36 -38 _6.8 -2.0 07 -05
F ~19 19  -03 _19 2.7 1.8
a 74  -19 7.4 -2.8 00 -03
N 37 -l4 3.5 -0.8 30  -03
D 44 0.7 -12 5.6 14 -02
G ~19 12 46 _21 -0.3 3.8
E 7.6 77 76 -2.0 09 -19
K 12 8.3 12 _3.6 15 —14
C _2.1 94 84 -10 15  -12 .
B 44 1 -17 15 14 6.0 7A

Linda M. Thienpont, et.al., Eur Thyroid J; 3:109-116 ,2014 68/84



TSH Assay Sensitivity

(O) dr.bakhtiari.academy
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TSH Assay Generations

Generation Functional Sensitivity*
First 1 — 2 plU/imL

Second 0.1 - 0.2 plu/mL

Third 0.01 - 0.02 plU/mL

*<20% interassay precision within these ranges.

http://www.healthcare.siemens.com.. Last seen: 4/23/2016
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TSH Assays Evolving Performance Characteristics

Interassay %CV

50

40

30

20

10

B 3rd Generation 2nd Generation 1st Generation
Assays Assays Assays
Functional
Sensitivity
Profoundly Low Mildly Low E_ut_hy_ro_id ______
- M—\M‘—\ Range
| | | | | | | | | | |
0.001 0.004 0.01 0.04 0.1 0.4 1 4 10
TSH, plU/mL

http://www.healthcare.siemens.com.. Last seen: 4/23/2016
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TSH Assay Interference

(HAAs & Immunometric methods)

2 Label o Label

Antibody Z A No Antibody
RS nalyte --

s > é y

% 7] Capture %

Z Z

7 7 Antlbody e

% % Hetel:opl'nhc

7 7 Antibody

http.//scantibodies.com/hbr.htm/
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Thyroid Stimulating Hormone
(Assay Interference)

d. i .
Signal °® °®
Detection antibody ———

Analyte (TSH) —

A A
Capture antibody —— T T T

b. ®@ © o

Cross-linking

o o (4]
antibody causing —— )— )— )—\/
positive interference T T

C. Blocking

antibody causing —— )—T A )T ! )_T

negative interference

Best Pract Res Clin Endocrinol Metab. Dec 2013; 27(6): 745762 74/84



TSH Assay Interference
(Heterophilic Antibody Sources)

* Exposure to animals (e.g. animal technicians, veterinarians, animal handlers)

* Alternate animal contact therapy (e.g. thymic cells, sheep cells, embryonic cells)
* Exposure to animal products (e.g. food preparation)

* Special diets (e.g. cheese)

* Deliberate immunization (e.g. therapies, vaccinations, certain imaging treatments)
* Blood transfusions

* Autoimmune diseases, e.g Graves’ Disease

* Dialysis

* Patent medicines (OKT3)

 Maternal transfer

« Cardiac Myopathy

* G.I. Disease (E. Coli)

« Rheumatoid factors can also act as heterophilic antibodies

http://scantibodies.com/hbr.html 75/84



Heterophilic Antibodies

(Existence confirmation)

1. Discordant TSH results in an assay that utilizes different antibody
pairs, or incubation times;

2. Altered TSH result following immunosubtraction [using polyethylene
glycol (PEG) or protein G/A];

3. Nonlinear TSH measurement following sample dilution

L:fotromc

(eneStar-96 Real-Time

\
PCR System
» Compact & High throughput

\\\\%\\\\\\\5

« High efficiency
» Reliable

Clinical Endocrinology (2011) 74, 673-678
. W opiiecsi s High flbilty




PEG Test for TSH

1. Read TSH

2. PEG Solution: 25% PEG 6000 in DW
3. Serum:PEG Sol. 1:1 VIV

4. Mix

5. Centrifuge 3000 X for 5 min.

6. Read Sup TSH

* Recovery= 2xTSH (after absorption)/ TSH (before absorption)

» ARecovery <40 % suggests the influence of high molecular weight
proteins, such as immunoglobulins in the specimen

77/84



Biotin Interference

Immunometric TSH assay

Assay steps MAB1 MAB2

1. E—<>—§\/F::K7 Sandwich complex
VAN -formation

MAB1 MABZ2
2 B \/I% Solid phase
g R Immobilisation
. - of complex
inhibition "™ % | ]

E +1 TSH and biotin from patient sample:
More TSH = more signal
More biotin = less signal = spuriously low TSH

3. Magneticimmobilisation of complex on electrode + aspiration of supernatant

4, Electricity — light emission— photomultiplier — calibration curve reading

78/84



Biotin Interference

Competitive binding total T4 assay

Assay steps ANS
Complex

1. 1 - Ab formation with
/,, labelled

T4-Ab in excess

E Ab _ Sol il:_:l p ha.se
2. B @ Still-free immobilisation of
unbound
j‘ labelled T4-Ab

From added reagents

3. Magneticimmobilisation of complex on electrode + aspiration of supernatant

4. Electricity — light emission— photomultiplier — calibration curve reading

79/84



B-TSH subunit

B-FSH subunit

B-LH subunit

B-hCG subunit

TSH Assay Interference

TSH receptor

FSH receptor

LH receptor

(Cross Reactivity )
TSH —>
.~ Pls X gy
o-glycoprotein
subunit
((I-GSU) LH e
hCG ==

LH receptor

Koeppen & Stanton: Beme and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved
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Assays for Thyroid Free Hormones
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Free T4/T3 Assays

binding protein

"b GO ® ® :abol:d. T4
@

Q@ : Q : OO® - -
%0 | |mp| %0 |2 Nyl Mvv] RAMY
® ~9 ! ®s | ° TWO-STEP

O p'::m: : binding protain labeled T4 analogue
DIRECT EQUILIBRIUM DIALYSIS nge ®o Q:é {
T4 :,Q‘)Cb? =
¢ O ol e YAVAYAR\YAYAY
O e o @ 2 o solid-phase anti-T4
oOri |wmp| 0O !4 ONE-STEP ANALOGUE
@) Qé : G)Q !  labeled anti-T4
w4 22 2o
INDIRECT EQUILIBRIUM DIALYSIS . s O @ =)
radioactivity ‘{ E: :EE
solid-phase T4
LABELED ANTIBODY

http.//www.medscape.org/viewarticle/546270 82/84



Thyroid Hormone Auto Antibodies
(THAAD)

Prevalence: up to 40% in autoimmune thyroid diseases;
Not necessarily lead to assay interference. (titer, specificity, affinity)
Single-antibody technique: | hormone concentrations

Double antibody technique: apparent concentration of hormone will be
spuriously high.

4 major approaches can assist in evaluation of assay interference:

(a) measure TSH by a sensitive immunometric method;
(b) measure THs after Ig depletion;
(c) use a comparative method

(d) test for the presence of THAAb against the hormone or analog tracer used in
the assay reagents.

Clinical Endocrinology (2011) 74, 673-678
83/84



Heparin Effect:

FT4 / FT3 Displacement

in vivo in vitro
Heparin Triglyceride
(] -
Linoprotein Li temperature
poprotein Lipase —
Hepatic Lipase
N EFA

Increase f reeT4, freeT3

* Altered serum binding proteins

Clin Biochem Rev Vol 24 November 2003
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Altered Binding Proteins

* Quantitative (TBG excess) * Qualitative
1. Pregnancy, estrogens (OCPs, 1. familial dysalbuminaemic
HRT, tamoxifen) hyperthyroxinaemia (FDH)
2. hepatic disorders 2. transthyretin-associated

hyperthyroxinaemia (TTR-AH)]
3. hereditary TBG excess

Clinical Endocrinology (2011) 74, 673-678 85/84



TBG Variations

Increased TBG

« Hepatitis/ Biliary Cirrhosis
« OCP’s
* Pregnancy

« Estrogens
(also Tamoxifen + Raloxifene)

* Drugs
(Narcotics/Heroin, Methadone,

Clofibrate, Major Tranquilizers,
5-FU)

‘ H:pr@ w 'Lifotronic Magnus .,
J
Ol ol Lo Automated Electro-chemiuminescence ~\ l Clinical & Research 3
| i

(B V) ARV-Y Dl [mmunoassay System Y Immunoassay (ECLIA) System Microscopes

Decreased TBG

Steroids/Glucocorticoids
Hypoalbuminemia

Androgens
(Testosterone, Danazol)

Nephrotic syndrome
Acromegaly
Drugs

(Niacin, L-asparginase)

*ANA  +dsDNA  CCP *AMH sFolate *PIH

*CA125  +CA199  «CAIS3
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Challenging TFTs Results
(A Systematic Approach)

Revisit Clinical Context & Medications

!

Screen for Laboratory Artifacts

!

= | =
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Resistance to thyroid hormone (RTH) vs
TSH-secreting pituitary tumor (TSHoma)

High FT4&FT3 Normal/high TSH
Exclude methodological interferences Measured by ultrasensitive methods
No o Affected relatives? Yes
Elevated e Serum -GSU levels Normal
Elevated ® (-GSU:TSH molar ratio Normal
Eleugted . Sgrqm SHBG levels Normal
Lesion e Pituitary MRI/CT scan Normal
Impaired/absent e TSH response to TRH test Normal/exaggerated
No ® TSH response to T, Qualitatively
suppression test normal
Thyrotropinoma Resistance to

thyroid hormones

1. Best Practice & Research Clinical Endocrinology & Metabolism 23, 5, 2009, 597-606 88/84
2. Clinical Endocrine Oncology. John Wiley & Sons, Jan 26, 2009
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Conclusions

Q @ dr.bakhtiari.academy
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A Systematic Approach to Challenging TFTs Results

Step 1: Re-evaluate clinical history

Age Pregnancy Thyroxine Confounding
changes therapy medications
Consider: Consider: Consider: Consider:
- neonatal period - [ TSH (1% Irimester; 2° 1o - confounding dietary - amiodarone
- elderly ThCG) factors or medications - furosemide
-1TT4 & 1773 (from 1= - malabsorption syndromes - heparin
trimestar; 2° to 1 TBG) - altered TH matabaolism - coricosteroids
- changes in FT4 & FT3 - non-compliance - dopamine

- pragnancy RR - other factors (see Table 2) - others (see Table 3)
Step 2: Re-assess thyroid status
? hypothyroid ? euthyroid 7 hyperthyroid

Step 3: Decide which TFT is most likely to be discordant

Step 4: Exclude TH &/or TSH assay interference
(consider specialist laboratory input)

Step 5: Investigate for rare genetic/acquired disorders of HPT function
(consider referral to specialist centre)

Best Pract Res Clin Endocrinol Metab. Dec 2013 27(6); 745—762

Mon-thyroidal
iliness (NTI)
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Thank you for your Attention

Bakhtiari.09@gmail.com

Q @ dr.bakhtiari.academy
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4individual test channels

Rapid whole blood test
Simple, Rapid, Accurate

3evel Calibration System
Assure reliable and accurate results
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Advantages of Electro-chemiluminescence Immunoassay
Controllable Optical Signal
High Sensitivity and Precision
Magnitude of Luminescent Intensity Reaches Six Orders
Compatible with Small Sample Volumn
High Stability for Reagent
One of The ECLIA Systen in the World
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