
A Major Step Forward in the Routine
Measurement of Serum Free Thyroid

Hormones

In the field of free thyroid hormone testing, methods
based on equilibrium dialysis (ED) or ultrafiltration
(UF) of serum, before direct measurement of the hor-
mone concentration in the dialysate or ultrafiltrate, are
accepted to be gold standards (1 ). These measurement
procedures, however, physically isolate the free from
the protein-bound hormone fractions and have been
considered too technically demanding, inconvenient,
and relatively expensive for routine clinical laboratory
use (2, 3 ). Typically, such methods are better suited for
use in reference laboratories (4 ).

In this issue of Clinical Chemistry, Yue et al. report
on the application of an ED isotope dilution–liquid
chromatography/tandem mass spectrometric (ID–LC-
MS/MS) procedure developed in-house for the routine
determination of both serum free thyroxine (FT4) and
triiodothyronine (FT3) (5 ). The procedure makes use
of several recent developments: ED devices that allow
simultaneous assay of small volumes of 96 samples, on-
line sample preparation techniques, and high-end LC-
MS/MS instrumentation with sufficient sensitivity for
measurement of thyroid hormone concentrations at
the picomole per liter level.

This report by Yue et al. marks a major step for-
ward in the analysis of serum free thyroid hormones.
The reference technology has now been made available
for the routine laboratory, and controversies may now
be resolved regarding the validity of free thyroid hor-
mone determinations by some immunoassays [e.g.,
(6–9 )]. Interestingly, Yue et al. report on method com-
parison studies with 2 immunoassays that show excel-
lent correlation with the newly developed ED ID–LC-
MS/MS procedure but at the same time, reveal
standardization problems.

Although the ED ID–LC-MS/MS procedure
brings many potential benefits, it also poses some
problems. In view of the aforementioned controversy
regarding the validity of current methods for measur-
ing free thyroid hormone, interest in the development
of in-house ED or UF ID–LC-MS/MS procedures is
likely to be extraordinary. Consequently, it is to be ex-
pected that many procedures will be developed world-
wide, using different separation techniques (UF or ED)
under different conditions (e.g., serum prediluted or
not, pH buffered at 7.4 or not, assays performed at
room temperature or at the recommended 37 °C). To
prevent discrepant measurement results caused by

such variations, the need for thorough validation of the
procedures, preferably by an internationally accepted
reference measurement procedure performed in a rec-
ognized reference laboratory, cannot be overempha-
sized (3 ). Without such confirmatory studies, the va-
lidity of ED or UF ID–LC-MS/MS for free thyroid
hormone measurement may be compromised by un-
controlled proliferation of assay procedures.

Additionally, laboratory-developed in-house tests
that directly compete with commercial tests may neces-
sitate a modified regulatory environment. In the most
extreme view, clinical laboratories that develop in-
house tests could be regarded as manufacturers of
medical devices and therefore would require more
stringent evaluation. In that connection, it is worth
mentioning that the Working Group on Standardiza-
tion of Thyroid Function Tests of the IFCC recently
proposed an ED ID–LC-MS/MS procedure as candi-
date international conventional reference measure-
ment procedure for FT4 in serum (10, 11 ). Currently,
this Working Group is preparing for a method com-
parison study of serum FT4 measurement with the par-
ticipation of immunoassay manufacturers and labora-
tories that have developed in-house ED or UF ID–MS
assays for FT4.

Grant/Funding Support: None declared.
Financial Disclosures: L.M.T. is director of a reference
laboratory at Ghent University.

– Linda M. Thienpont
Laboratory for Analytical Chemistry
Faculty of Pharmaceutical Sciences
Ghent University, Belgium
Address correspondence to the author at:
Harelbekestraat, 72
Gent, Belgium B-9000
E-mail linda.thienpont@ugent.be

References

1. Ekins R. Measurement of free hormones in blood. Endocrine Rev 1990;11:
5–46.

2. Demers LM, Spencer CA, eds. Laboratory medicine practice guidelines:
Laboratory support for the diagnosis and monitoring of thyroid disease.
National Academy of Clinical Biochemistry, 2002. www.aacc.org/AACC/
members/nacb/LMPG/OnlineGuide/PublishedGuidelines/ThyroidDisease/ (ac-
cessed November 2007).

Clinical Chemistry 54:4
625–626 (2008) Editorial

625

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/54/4/625/5628449 by guest on 17 M
ay 2023



3. Clinical Laboratory and Standards Institute (CLSI)/NCCLS. Measurement of
free thyroid hormones: Approved Guideline. CLSI/NCCLS document C45-A.
Wayne, PA: CLSI, 2004.

4. Holm SS, Hansen SH, Faber J, Staun-Olsen P. Reference methods for the
measurement of free thyroid hormones in blood: evaluation of potential
reference methods for free thyroxine [Review]. Clin Biochem 2004;37:85–93.

5. Yue B, Rockwood AL, Sandrock T, La’ulu SL, Kushnir MM, Meikle AW. Free
thyroid hormones in serum by direct equilibrium dialysis and online solid-
phase extraction–liquid chromatography/tandem mass spectrometry. Clin
Chem 2008;54:642–51.

6. Ekins R. Validity of analog free thyroxin immunoassays. Clin Chem 1987;33:
2137–44.

7. Nelson JC, Wilcox RB. Analytical performance of free and total thyroxine
assays [Review]. Clin Chem 1996;42:146–54.

8. Ekins R. The science of free hormone measurement. Proc UK NEQAS Meeting
1998;3:35–59.

9. Wang R, Nelson JC, Weiss RM, Wilcox RB. Accuracy of free thyroxine

measurements across natural ranges of thyroxine binding to serum proteins.
Thyroid 2000;10:31–9.

10. Thienpont LM, Beastall G, Christofides ND, Faix JD, Ieiri T, Miller WG, et al.
International Federation of Clinical Chemistry and Laboratory Medicine
Scientific Division Working Group for Standardization of Thyroid Function
Tests: Measurement of free thyroxine in laboratory medicine—proposal of
measurand definition. Clin Chem Lab Med 2007;45:563–4.

11. Thienpont LM, Beastall G, Christofides ND, Faix JD, Ieiri T, Jarrige V, et al.
International Federation of Clinical Chemistry and Laboratory Medicine
Scientific Division Working Group for Standardization of Thyroid Function
Tests: Proposal of a candidate international conventional reference measure-
ment procedure for free thyroxine in serum. Clin Chem Lab Med
2007;45:934–6.

DOI: 10.1373/clinchem.2007.100164

Editorial

626 Clinical Chemistry 54:4 (2008)

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/54/4/625/5628449 by guest on 17 M
ay 2023


