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Goede Timing
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Hormone Assays and (In-)fertility

ÅDiagnosis of disturbances in the menstrual cycle

ÅEvaluation of male fertility, including sperm analysis 

ÅMonitoring of follicle maturation

ÅTiming of endometrium prior to insemination with 

previously frozen embryos (not quantitative)

ÅAssessment of pregnancy

ÅEvaluation of extra-uterine pregnancy

ÅAssessment of ovarian reserve

ÅPrenatal evaluation of the fetus (Down Syndrome)

ÅPostnatal screening for AGS and CHT (PKU)
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Å Beware: the Y-axis is a log scale

Å Men have more testosterone than 

oestradiol in the circulation

Å Women, too, have more 

testosterone than oestradiol in the 

circulation.

Å For women, the average estradiol 

level during the menstrual cycle is 

given

Å After menopause the preponderance 

of testosterone becomes even more 

pronounced

Sex steroids in the circulation

nM

Welk sex steroid heeft de hoogste concentratie bij mannen?

En bij vrouwen?
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Oestradiol RIA, 1975; EUR
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Hormone Measurement Anno 2010
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Some Issues in Immunoassays

ÅSensitivity

ÅDynamic range
ïHigh-dose hook effect

ÅSpecificity
ïCross reactivity vs metabolites, drugs, etc

ïMolecular form of the analyte

ÅAccuracy

ÅReproducibility
ïWithin assay and reagent lot

ïBetween assays and reagent lots

ÅInterferences
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Sensitivity

Ann Clin Biochem 2009; 46: 441ï456
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1995 UK-NEQAS ID-GCMS comparison

Middle & Kane; Ann Clin Biochem 2009; 46: 441ï456

* outliers

1995 Limits of ñacceptableò performance
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2007 UK-NEQAS ALTM comparison

Middle & Kane; Ann Clin Biochem 2009; 46: 441ï456

AB13: Architect (47 users)

CO10: Centaur (57)

SF1: Access (23)

DC-7: Immulite (6)

DC11: Immulite 2000 (42)

AM12: Vitros ECi (4; -36%)

BO5: Roche (80)

AB13: Architect (19 users)

CO10: Centaur (20)

SF1: Access (8)

DC11: Immulite 2000 (15)

BO5: Roche (31)

Main Scheme: Normal Cycle levels

High Level Scheme

ñThere is little evidence for improvement in 

UK NEQAS performance over the yearsò
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Requirements / state-of-the-art in E2 assays*

Clinical Application Critical decision Current state of the art

point (pmol/L) (requirement met?)

Healthy Girls <10 No

Healthy Boys <10 No

Healthy Women <100-1000+ most above 200 pmol/L 

Healthy Males <150 few adequate below100

Precocious Puberty <100 few adequate below100

Primary Amenorrhea <10 No

Gynaecomastia <100 few adequate below100

Assessing Fertility <200-1000 most above 200 pmol/L 

Assisted conception <100-12000+ most above 200 pmol/L 

Effect aromatase inhib. <10 No

Middle & Kane; Ann Clin Biochem 2009; 46: 441ï456
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Oestradiol in Nederland 2010-4

ÅCV lager bij hogere concentratie

ÅBij lage concentratie 10 outliers

ÅRecovery gemiddeld 20% te hoog; grote variatie
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http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/FG03_02C.JPG

Testosterone (MM = 288.2)

In circulation:

~44% SHBG bound

50 % non-specifically bound to Albumin

3.5% bound to CBG

Only 2-3% FREE
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Testosterone in CAP survey (n>1100)

Physiological [T] (nM) CV Range Factor

Level (M SD) (%) (nM)

Normal 1.1 0.4 34.9 0.24-3.5 14.6

Hypogonadal 3.4 1.1 32.2 1.6-12.7 7.9

Androgenized

Normal 16.1 2.8 17.3 9.6-25.8 2.7

*Rosner et al, JCEM 2007;92:405-413
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Opinion:
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International Testosterone Assay QC *

Sample A B

N 687 687

Mean 9.35 5.68

SD 1.48 1.15

CV (%) 15.9 20.3

*Courtesy DGKL; HM 2007/4
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Three Luminescence T Assays

*Courtesy DGKL; HM 2007/4
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Two T assays from one manufacturer

*Courtesy DGKL; HM 2007/4
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Copyright ©2003 American Association for Clinical Chemistry

Taieb, J. et al. Clin Chem 2003;49:1381-1395

Ratios of Testosterone in 55 women (¹) and 50 men ( )̧ obtained by 
10 immunoassays and ID/GC-MS

Serum Testosterone by various assays
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Testosterone ID LC-MSMS vs. ID-GCMS

Bui et al. Ann Clin Biochem 2010; 47: 248-52

Slope = 1.025+0.007 (mean+SE);

intercept = 0.055+0.018 nmol/L; 

r = 0.9998
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SKML 2008
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Bui et al, SKML meeting 20091216
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Testosterone and menopause

Bui et al. Ann Clin Biochem 2010; 47: 248-52
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Copyright ©2005 American Association for Clinical Chemistry

Wolthuis, A. et al. Clin Chem 2005;51:475-476

Effect of switch of androgen treatment in technician reconstituting and running 
Testosterone Internal QC1 (2.2 nmol/L; solid line) and QC2 (48.0 nmol/L; dashed line) 

on assay results.

Monthly 

average 

patient 

result

EQAS 

relative to 

national 

consensus

Interference in Testosterone Assay
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39

Toepassingen

Å Vaststellen zwangerschap

Å Monitoren vroege zwangerschap

Å Extra uteriene graviditeit (EUG)

Å Mola-zwangerschap

Human Chorionic Gonadotropin
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hCG isoforms

Sturgeon et al. Clin Chem 2009; 55:1484-91
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Effect of introduction of new hCG IRRôs

Harvey et al, J Reprod Med 2010;55:285-95
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(Lack of) Equimolarity in hCG Assays

Sturgeon et al. Clin Chem 2009; 55:1484-91
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(Lack of) Equimolarity in hCG Assays
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Aberrant hCG results VUmc

Pat W-K 38 j

Not IgA 

deficiënt

Pat W 33 j

Dilution exp (Architect): 47-48-41-43-48; 

PEG precipitation: 85% reduction

Measurement SLAZ (Centaur): <2

Dilution exp (Architect): 21-25-25-28; 

Measurement SLAZ (Centaur): 20

http://www.beckmancoulter.co.uk/
http://www.beckmancoulter.co.uk/


VU medisch centrum

Klinische Chemie



VU medisch centrum

Klinische Chemie

An unexpected pregnancy

Å A 46-year-old woman presented for anterior 

cervical discectomy and fusion of C5/C6 and C6/C7 

vertebrae to treat a cervical myelopathy. 

Å History of anxiety disorders, epilepsy, and mild 

intellectual impairment. 

Å She denied any recent sexual activity, but was 2 

weeks late for her menstrual cycle. 

Å A serum point-of-care (hCG) test was positive 

Å A urine point-of-care hCG test was negative 

Å A quantitative serum hCG was 2 IU/L (reference 

interval 0ï5 IU/L).

Green et al. Clin Chem 2010; 56:1645-46
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Positive hCG results in IgA deficient patients

Knight et al, Clin Exp Immunol 2005;141:333-7
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High dose hook effect in hCG assays

Al-Mahdili and Jones, Ann Clin Biochem. 2010;47:383-5
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Bone tumor simulating pregnancy
[Leidinger et al; J Cancer Res Clin Oncol 2004; 130: 357]

Å18 years old girl

ÅAmenorrhoea of one month duration

ÅPositive pregnancy test

ÅHigh serum ß-hCG

ÅOral anticonceptive user

ÅPregnancy excluded by ultrasound

ÅAt 15 years of age treated for osteosarcoma 

(resection and chemotherapy)
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ß-hCG secretion by recurrent osteosarcoma
[Leidinger et al; J Cancer Res Clin Oncol 2004; 130: 357]

analysis of tumour 

recurrence

Retrospective analysis 

of primary tumour
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High dose hook in prolactin assays too
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Å Patient: 32 year-old man

Å Headache; left hemiparesis; 

impaired hearing left

Å MRI met gadolineum: 

56.6x6.9 cm mass, likely 

prolactinoma

Å Prolactin: (assay unknown!) 

7.3 µg/L (ref: 4.1-18.4)

Å Specimen dilution 1:1000 Ą

prol: 122,260 µg/L

Å Treatment with cabergoline 

successful Ą

Prl (µg/L)

Time after start Rx (days)

Ahmed and Al-Noza; NEJM 2010;363:177
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Prolactin Species in the Circulation
[Fahie-Wilson and Ellis, Ann Clin Biochem 2005; 42:175-192]

Species Composition MM (kD)
Biological 

Activity

Immunological 

Activity

Prolactin Monomer 23 ++++ ++++

Big Prolactin Dimer ~50 ? ?

Big-Big Prolactin

(MacroProlactin)

Complex with 

IgG
150-170 +/-

Most Assays; 

variable 

response
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Prevalence of Macroprolactinaemia 
All hyperprolactinaemic specimens were tested
[J. Gibney et al, Clin Endocrinol 2005; 62:633-643]

Reference N
Treshold 

(mU/L)

Prevalence 

(%)

Bjoro et al, 1995 605 1000 25

Fahie-Wilson and Soule 1997 69 700 25

Viera et al, 1998 1220 540 36

Olukoga and Kane, 1999 188 430 15

Leslie et al, 2001 1225 700 26

Smith et al, 2001 300 700 24

Hauache et al, 2002 113 620 46

Strachan et al, 2003 273 700 21

ALL STUDIES 3993 28
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Gel filtration of sera from a macroprolactinaemic (A) and a 

true hyperprolactinaemic patient (B) 
[J. Gibney et al, Clin Endocrinol 2005; 62:633-643]

443  200   150   66          29  23

FER AMY  IgG  BSA         CA  PRL

Ferritin

Amylase

Immunoglobulin G

Bovine Serum Albumin

Carbonic Anhydrase

Prolactin monomer
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Copyright ©2003 AACC
Suliman, A. M. et al. Clin Chem 2003;49:1504-1509

Serum prolactin before and after treatment with PEG in patients 
with either macroprolactinemia or true hyperprolactinemia
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*Smith, T. P. et al. J Clin Endocrinol Metab 2002;87:5410-5415

PRL in 10 Macroprolactinaemic Specimens by 9 
Different Immunoassays*

Copyright ©2002 The Endocrine Society

True 

Value
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Interference in FSH Immunoassay

Webster et al, Ann Clin Biochem 2010;47:385-9


