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Introduction

The aim of this paper was to provide information on the limitations of
current analytical methods and the basics in quality control in labora-
tory endocrinology which affect the results and their interpretation.
For the practicing clinical endocrinologist it is important to under-
stand the essentials of the quality of hormone measuring methods and
their limitations. Awareness of the quality of methods will allow cau-
tion and/or ensure the reliability of result interpretation. A measuring
method cannot be performed with equal precision and trueness for
the entire measuring range, and may differ between parameters and
manufacturers. According to the level of medical decision, the medical
laboratory should determine the quality of the method and commu-
nicate that information to the clinician. The basic approach to qual-
ity control of measurement methods is useful knowledge for doctors
working in a hospital setting or private practice. The advantages and
limitations are presented of immunoassay-based methods and tandem
mass spectrometry (LC-MS/MS) used for measurement in biochemis-
try laboratory. Conclusion — Hormone measurement is widely avail-
able but the methods may be affected by limitations. Understanding
a method’s limitations and options for improvement enables the prac-
ticing clinician to interpret the test results rationally.

are in general more specific and precise, costs
are lower and the development of automated
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Hormone measurement remains an essential
aspect of diagnosis and management in paedi-
atric endocrinology, in conjunction with imag-
ing and molecular diagnostic tests. Laboratory
tests have advanced since the introduction of
commercial radio-immunoassays for hormone
measurement that have ensured the availabil-
ity of laboratory tests at reasonable cost. Both
methodological improvements and modern
technology have been important milestones
in laboratory diagnostics, allowing for the
current state in which results are obtained
in a shorter time and more frequently. Tests

instruments or platforms have helped make
laboratory work less demanding for personnel.
Thus, every hospital biochemistry laboratory
is able to offer some hormone tests.
Moreover, awareness of good clinical and
laboratory practice and safety is now an im-
portant part of routine health care. In labo-
ratory medicine, measurement methods may
be standardized, through use of certified ref-
erence materials for assay calibration, or, in
the absence of higher-order reference mate-
rials, external inter-laboratory quality assess-
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ment schemes can be used. The main reason
behind national or international standards
for medical laboratories is to standardise care
and prevent harm to the patient/client caused
by laboratory results (1, 2, 3).

Various approaches to quality control in
biochemistry laboratories have long been in
use. However, one basic approach that is com-
monly used is analysing samples of control
material of known concentration along with
patient samples, on a daily basis (4). A special
area of laboratory medicine is devoted to the
study and application of scientific knowledge
in practice for the purposes of quality assur-
ance. Standards such as the ISO standard for
medical laboratories 15189, Clinical Labo-
ratory Improvement Amendment (CLIA),
College of American Pathologists, Rili-BAEK
and others, require the use of control mate-
rial in routine work, the assessment of the
quality of measurement methods, and partic-
ipation in proﬁciency testing, i.e. comparison
of results among peer laboratories according
to method or manufacturer, organized by a
third party (5). These standards encompass
all processes in a medical laboratory, includ-
ing: documentation on quality policy, per-
sonnel competencies, instruments, environ-
ment issues, resolving of complaints, etc. The
ISO standard is widely accepted and used for
accreditation of medical laboratories (6). The
CLIA and the German national quality stan-
dard Rili-BAEK clearly defined approaches
to quality control that are easy to follow and
implement. Rili-BAEK is very similar to the
ISO standard, but comprehensive, and covers
all areas of laboratory medicine, i.e. “polyva-
lent laboratory medicine, which comprises
microbiology and transfusion medicine (7).

A very attractive approach to quality con-
trol in the biochemistry laboratory is advo-
cated by J. O. Westgard and his son through
his website (westgard.com), which is open ac-
cess and very informative. The basics of qual-
ity control are described very clearly, and real
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examples from published data are critically
presented. The main message is that method
quality can be graded according to its impre-
cision and bias, with rules for controlling the
stability of the methods and detecting system
malfunctions causing erroneous results (8).

From the perspective of the clinician, the
aspects of quality management of greatest in-
terest are the quality of the measuring method,
i.e. evidence-based data on its limitations and
reliability. Standard measurement methods in
the biochemistry laboratory are recommend-
ed by international and national professional
societies. Gold standard methods (e.g. mass
spectrometry) may not be routinely available,
are complex and costly, and the technology
requires appropriately educated personnel (9,
10). Routine methods are typically automat-
ed platforms or commercial kits based on im-
munoassay technology. Both methodologies
have advantages and limitations (11).

The method characteristics that are
checked by the laboratory upon the introduc-
tion of a new method or change of manufac-
turer, include trueness or bias, imprecision,
linearity (or reportable range) and detection
limits. However, this can be reduced to two
main traits, bias (i.e. the deviance of a result
from its target value) and imprecision (i.e. the
variability between multiple measurements
from the same sample) (3, 8). In order for
a method to achieve its clinical purpose (i.e.
to reliably reflect the analyte in its respective
matrix and not to be a result of a random ef-
fect), bias and imprecision have to conform
to the desirable specifications recommended
by professional societies or expert groups (e.g.
12). The estimated bias and imprecision of a
method have to be less than those stated as
desirable specifications, and these are param-
eter- and sometimes body fluid-specific (4).

Body fluid constituents, that is analytes,
are subject to fluctuations and variations as a
consequence of physiological conditions (sex,
age, menopause, pregnancy, growth) and
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pathophysiological processes (13, 14). This
includes variations dependent on time of day
or season, and variations related to specific
traits or an individual set point for a test (13,
14). Biological variations can be described
as dependent on time/condition of life, on
different cyclical changes (e.g. monthly) or
as of random character. Random biological
variations are the traits of most tests, and vary
around the individual set point for a test.
Subject variations include biological varia-
tions and differences between set points of
different individuals (examples for some hor-
mones in Table 1).

A biochemistry laboratory should consid-
er these biological variations when reporting
results and defining quality specifications for
analytical performances. Within-subject and
between-subject biological variations for each
test are implemented in the assessment of an-
alytical specifications. This is also important
for evaluation of patient monitoring with
regard to significant changes between two
tests in the same patient, the use of a test for
distinction of health and disease, transfer of
population-based reference ranges, decisions
on the most likely pathognomonic tests, and
various aspects of studies on new laboratory

parameters (13, 14). Data from clinical stud-
ies are selected and compiled to form data-
bases, which are updated on a regular basis
with information on within- and between-
subject biological variations used for assess-
ment of analytical specifications and setting
goals in quality management inf a medical
laboratory. Within-subject variations in dis-
eases are within the same order of magnitude
as in state of health for most tests, which en-
ables the use of data collected from healthy
individuals to assess significant differences
between consecutive tests in patients (15).
The aim of this paper was to provide in-
formation on the limitations of current ana-
lytical methods, and the basics of quality
control in laboratory endocrinology which
affect the results and their interpretation.

Quality Assessment of Laboratory
Methods

The quality of products and services can be
expressed in terms of the number of flawed
occurrences per million (Table 2). This meth-
od was introduced in the early 1980s by the
manufacturer Motorola. The lowest number
of faulty products, e.g. 3.4 per million, is

Table 1. Data on Biological Variation and TEa for Selected Hormones in Serum from the Ricos Database (10)

Presented as Rounded Numbers

Hormone Intra-individual (%)
17-hydroxyprogesterone 20
Aldosterone 29
Androstendione 16
Cortisol 15
Estradiol 23
Follicle-stimulating hormone 11
Insulin 21
Luteinising hormone 23
Parathyroid hormone 26
Prolactin 23
Testosterone 9
Thyroid-stimulating hormone 19
Thyroxine 5

TEa=Total allowable error.

Biological variation

Between individuals (%) TEa (%)
50 30
40 37
39 24
38 23
24 27
47 21
85 33
27 28
24 30
35 29
22 14
25 24
11 7




termed as six sigma, and is considered to be
the highest quality production. An increase
in number of defective products yields a low-
er sigma. In everyday life, the quality of com-
mercial airline travel has a sigma higher than
six, but the quality of luggage transport by
air is sigma three. In health care, anaesthesia
during surgery has a sigma higher than six,
but drug prescription is three, and mammog-
raphy outcome less than three. An average
company and also medical laboratory func-
tion is at sigma three (16, 17).

Sigma can be also calculated for measure-
ment methods, for qualitative methods, e.g.
urine analysis or molecular diagnostics, as the
number of erroneous results per one million
tests. For quantitative methods, the formula
takes into account bias and imprecision in
relationship to the desirable specifications.
For this purpose, a different metric of desir-
able specification is used, that is, total allow-
able error (TEa) (e.g. 7, 12). TEa describes
the greatest percentage of measurement error
that can be allowed for the method to have
clinical utility. There is another practical use
for information obtained by TEa. It repre-
sents a significant difference between the
results of two samples from one individual.
For example, if TEa is 10%, it means that
the difference between two separate results
of the same patient has to be 210% to be a
biochemically significant difference. If the
difference is <10%, it is within the measure-
ment error and there is no significant change
between the two results. This is very practical
for doctors who are not yet experienced in

Table 2. Sigma Level According to the Number of
Faulty Products or Services Per Million

Sigma level Defects per million
3.4
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6210

66,807

308,37

690,000
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clinical work, and also allows for an evidence-
based approach to the assessment of labora-
tory tests.

A method with a sigma six or higher per-
formance is world class, five is considered
excellent, four is good, and a method with
sigma three is borderline (18). Sigma is also
a term for the standard deviation for a large
sample size, e.g. a population. For a method
with six sigma this means that imprecision is
so low that six standard deviations fit on both
sides of the arithmetic mean within the limits
of TEa. Conversely, for a method with three
sigma, only three standard deviations can be
placed on each side of the arithmetic mean
of repeated measurement within the limits
of TEa. Thus, an excellent method has small
imprecision of repeated results, and a method
of mediocre quality has wider imprecision
(3, 8). The next characteristic is the differ-
ence between the result or arithmetic mean
of repeated results and the target result. The
formula for the calculation of sigma is (west-
gard.com, 3): sigma = (total allowable error
— bias)/coefficient of variation.

All terms are expressed in percentages.
Coefhicient of variation (CV, i.e. impreci-
sion) is calculated as the ratio of standard
deviation and arithmetic mean multiplied by
100. Assessment of method quality facilitates
several practical aspects of work in biochem-
istry laboratories. The most important is the
appropriate use of control samples to detect
errors in the measurement process. Accord-
ing to a specific sigma, rules exist for applica-
tion of the number and frequency of control
samples, and also for their interpretation.
These are Westgard rules, devised by a scien-
tist who devoted his career to understanding
and implementing quality management sys-
tems in clinical laboratories. Westgard rules
apply to the sigma of the method from six to
three, and are based on a scientific approach
ensuring the detection of the defective func-
tioning of the method, but also preventing
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the false rejection of good results (8, 19). The
mathematical bases for these rules were devel-
oped in the nineteen-seventies, and complex
graphs were used to read how many controls
are required per run, and how they should be
interpreted (20). With time, the rules have
been simplified for use, and can be down-
loaded as easy to follow diagrams (https://
www.westgard.com/westgard-sigma-rules.
htm). The easiest approach is for a sigma six
or higher method. In this case, one control
sample is used in each run and the control
result is allowed within 3 standard deviations
(on each side of the arithmetic mean). This
can be used for the manufacturer’s data for
controls, but data collected by the lab are
preferred (19). For sigma five, two controls
are measured in each run, and a malfunction
is detected when the control results exceed
the same side of 2 standard deviations on
two consecutive occasions, or if one control
result exceeds — 2 standard deviations, while
the other exceeds + 2 standard deviation.
For sigma of a smaller value, several rules or
multi-rules are considered. Additional infor-
mation is available at https://www.westgard.
com/mltirule.htm. This enables detection in
case of a failure of the measurement system
which can then be stopped, the instrument
recalibrated and the samples repeated (8, 19).
False rejection is when the good functioning
of the measurement system is not recognized
by the operator, but it is assumed to be faulty
due to erroneous interpretation of the quality
control results. This may occur if the method
has six sigma, but the control results are be-
tween 2nd and 3rd standard deviations and
considered outside the acceptable limits. This
causes unnecessary cost and delay in report-
ing the results (8).

Assessment of measurement methods
may reveal an unsatisfactory sigma of three
or less for a specific method, manufacturer
or type of instrument (21, 22, 23, 24). The
quality of the method is not improved by

running it on an automated instrument, as
this will mostly only result in imprecision.
The problem usually lies in the method itself
and its bias. The gold standard methods, e.g.
tandem mass spectrometry and high pressure
liquid chromatography, are precise methods,
but not widely available for routine labora-
tory tests. Even then, the problem may be in
the preparation of the sample i.e. it leads to
imprecision. Methods with poor sigma can
be controlled and kept stable by applying the
Westgard rules for the number and frequen-
cy of controls and also interpretation of the
control results. A method with poor sigma
should be replaced in the long term, and this
should be included in future plans for instru-
ment purchase and is an opportunity for im-
provement of the quality of laboratory tests.
Control samples are usually purchased
from the manufacturer of the instrument
i.e. a method for one, two or three different
levels covering the expected range of the pa-
rameters. For example, for glucose or cortisol
measurement, low, middle and high con-
centrations may be of equal clinical interest.
Control samples can also be purchased from
independent manufacturers. The manufac-
turer provides the target value for the con-
trol sample with a range of 2 (or 3) standard
deviations to fit its instruments working in
various conditions. However, this is only for
the labs’ orientation. Each laboratory should
establish its own data on controls run over
20 consecutive working days (7, 18). The
mean and standard deviation thus obtained
are used in interpreting the results of the con-
trols and are specific to the use of a particular
instrument in specific working conditions,
personnel and clinical working load. The
data collected in this way on the results of
control samples are used to calculate impreci-
sion (i.e. coefhicient of variation). When the
lot number of the reagents is changed, ten
measurements of the controls are performed
with the new lot of reagents and the results




are compared by statistical tests with those of
the previous lot (19). In case of significant
differences, the statistical data on control
results are changed accordingly for further
evaluation of the control sample results.

Table 1 presents data on TEa for some
hormones from the comprehensive Ricos da-
tabase (12). It should be noted that for hor-
mones, but also vitamins and tumour mark-
ers (the latter two groups are not included
in Table 1), TEa is in the range of 20-30%,
which is larger than for the parameters of
routine clinical chemistry tests. Very few hor-
mones have low TEa, e.g. free T4 is 7% (12).
This indicates that the methodology for rou-
tine hormone tests is not optimal, and would
benefit from improvements by the manufac-
turers. In addition, this is important infor-
mation because repeated sampling in a single
patient has to yield a difference of 20-30% to
be considered a significant change.

Method performance is assessed by calcu-
lating sigma for all control sample materials,
which are typically at low, medium and high
concentrations. This process reveals that the
method will not have similar performance for
the entire measurement range. This poses the
problem of which sigma to choose to decide
on the method quality. The recommended
approach is to decide on the level which is
of clinical significance or is clinically deci-
sive (8). For example, the upper limit of the
reference range for most hormones is impor-
tant for distinguishing increased secretion.
Neonatal screening for hypothyroidism and
detection of hypothyroidism in adults have
different levels of clinical decision that re-
quire good sigma performance or awareness
of poor method performance, but these levels
are not low or at the limit of detection. If the
method has poor performance at the level of
clinical decision, the results should be inter-
preted with caution in relation to other clini-
cal and diagnostic data. The clinician should
be aware of this through communication

V. Kusec et al. » Understanding Hormone Measurement

with the medical laboratory. However, sigma
six or five at the level of decision will support
the reliability of clinical diagnosis regarding
the test.

The manufacturers of large instruments
or platforms for many analytes claim superior
performance for the entire range of param-
eters. But this is never the case, due to the
limitations of the methods. Routine chemis-
try analysers do not perform with sigma 6 or
5 or identical sigma for all tests, or for the
entire measuring range. This makes decision-
making when acquiring instruments for the
medical laboratory difficult.

Limitations in Hormone Measurement

Besides understanding the quality of the
measuring method, there are other limita-
tions which are important for both the clini-
cian and the laboratory doctor. These limita-
tions may be related to biological variation or
to the measurement method, e.g. cross reac-
tivity or problems in separation of hormones
from their binding protein.

17-hydroxyprogesterone

Routine immunoassay based methods for
measurement of 17-hydroxy progesterone
in newborns and infants suffer from inter-
ference from steroid metabolites from the
temporarily active foetal adrenal zone, with
the consequence of higher results (25, 26,
27). This can be solved by extraction of the
serum with organic solvents (e.g. ether) for
removal of the interfering steroids (28, 29).
The screening method is compromised in
newborns by interfering substances, but it is
good for children beyond the first year of life
and in adults because the perinatal activity of
the adrenals resolves by itself with time (25,
26, 27). Newborn screening for congenital
adrenal hyperplasia has several problems that
need to be considered to ensure reliable de-
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tection of the disease (specificity of the assay)
and prevent false positive diagnosis. Some of
the automated methods for newborn screen-
ing are immunoassay-based, and have limi-
tations because the method has poor speci-
ficity for this analyte. Levels of 17-hydroxy
progesterone are increased in newborns, in
premature infants and in those with an illness
or suffering stress, and thus they are difficult
to distinguish from high levels in congenital
adrenal hyperplasia (27). One approach is to
set cut-off values by gestational age and birth
weight, and include secondary measurement
of several androgens (e.g. testosterone and
androstenedione) after a screen-positive re-

sult (27, 30).

Cortisol

Physiological conditions may affect immu-
noassay-based cortisol measurements. In
males and non-pregnant females, the per-
formance of the measurement method may
be similar. However, cortisol measurement
in pregnant females is complicated due to
the increased levels of binding protein that
cannot be adequately separated in the assay,
causing under-recovery. Conversely, in pa-
tients treated with metyrapone, which blocks
cortisol synthesis but not the formation of
precursor metabolites, over-recovery may
be observed secondary to antibody cross-
reactivity (31). Misinterpretation of cortisol
results in pregnant females and patients on
metyrapone might compromise patient diag-
nosis and/or management. Widespread use
of various exogenous corticosteroids for the
treatment of many diseases may also impact
the assessment of a patient’s adrenal reserve
due to poor antibody specificity and there-
fore cross-reactivity (which is acknowledged
by the manufacturers), resulting in over-re-
covery (31). Only dexamethasone does not
cross-react in immunoassays, and can there-
fore be used safely to assess hypercortisolism.

Testosterone

In blood, testosterone is bound to SHBG
(sex hormone binding protein) and weakly
bound to albumin. Only a small portion of
testosterone is free and has biological activity
together with the albumin-bound testoster-
one, which can easily dissociate. Testosterone
is another test ordered frequently in paediat-
ric and adult endocrinology for assessment of
androgen status. This can be performed by
LC-MS or immunoassay. A problem exists
with measurement of low concentrations of
testosterone, as found in women and small
children due to the unsatisfactory sensitivity
and specificity of the immunoassay methods
used routinely. This is not encountered for
the much higher levels found in adult men
(32, 33). Sensitivity and specificity of the
immunoassay can be improved by sample
preparation, in which hormones are separat-
ed from proteins by extraction by gas or lig-
uid chromatography. The extraction process
requires expertise and is time consuming. In
contrast, direct immunoassay techniques for
which no sample preparation is necessary,
are a more rapid alternative to the serum ex-
traction approach (32, 34). Direct assays for
total testosterone exist as commercial assays
and on platforms. The recommended stan-
dard method, LC-MS, has high specificity
and sensitivity, is appropriate for low levels,
and is already in use in some laboratories.
Advances in technology should enable more
widespread use of this methodology in fu-
ture for routine hormone measurement in
clinical laboratories (33, 34). Comparison
of testosterone results measured by direct
immunoassay, with results measured by LC-
MS demonstrated considerable differences,
which were greater for low concentrations,
as encountered in small children and women
(32, 34, 35). Nevertheless, high quality LC-
MS performance also requires regular main-
tenance and calibration by educated person-
nel to ensure reliable results, which is costly




and labour intensive, and consequently not
always easy to implement due to costs (34).
The availability and easy use of immunoas-
says for total testosterone, established in
routine and clinical biochemistry laboratory
assessment have highlighted the problem of
variability between the results and methods
used by different laboratories. Consequently,
experts in the field have been engaged in
order to recommend improvements in the
measurement of testosterone (34). The con-
clusion in 2007 was that the current situation
for testosterone measurement (both total and
free testosterone) was unsatisfactory, but that
the technology for accurate, precise and re-
producible results already exists, and should
become the standard option in future. In the
meantime, the shortcomings of direct assay
can be improved by validation with LC-MS.
Another conclusion of the expert group was
that proficiency testing assessment should
be according to testosterone concentra-
tions measured by the recommended meth-
ods and not compared to results obtained
by peer methods, e.g. the result of a direct
method compared to a group of results from
laboratories also using direct immunoassay.
Recommendations for clinicians ordering
testosterone tests indicated the importance
of information on the method and its qual-
ity, reference data associated to the method
and laboratory, and advised avoiding direct
methods for testosterone tests in children,
females and hypogonadal men, due to their
unsatisfactory performance. It was also sug-
gested that serum should be extracted for im-
munoassay, and ideally LC-MS used when
feasible. For free testosterone, the calculation
method (using total testosterone and SHBG
result) was preferred over immunoassays for
measurement (34).

An attempt to harmonize testosterone
measurement and other steroid hormones
was undertaken by the Center for Disease
Control, also setting the criteria of quality
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for certification in proficiency testing and
publishing a list of certified laboratories ac-
cording to the methods used (36). Among
the certified laboratories using LC-MS
methods, there is also a laboratory using the
immunoassay method for testosterone, sug-
gesting that implementing certain measures
of quality management can improve the per-
formance of a method which is not optimal.
Three methods exist for measurement of
free testosterone, and two of them are refer-
ence methods (equilibrium dialysis and ul-
trafiltration). These two reference methods
require expertise and are not widely avail-
able (37). In equilibrium dialysis the free
testosterone from the serum passes through
a semipermeable membrane, but not the pro-
tein bound testosterone (SHBG or albumin
bound), and the free testosterone is mea-
sured by immunoassay in the dialysate. In
ultrafiltration, the free testosterone is forced
through a selective membrane by ultracentri-
fugation, and subsequently measured in the
dialysate. Radioimmunoassay method (direct
or “analogue”, due to the competition of the
testosterone in the reagent with the testoster-
one in the serum) has poor accuracy and un-
derestimates the free testosterone, in compar-
ison to the reference methods (38). The use
of radioimmunoassay as a method for free
testosterone is in decline in laboratories due
to its poor quality. The third method calcu-
lates free testosterone from total testosterone
and SHBG results, sometimes also including
albumin results. The calculated free testoster-
one is comparable to the results obtained by
equilibrium dialysis (39). Another calculated
parameter is the free androgen index, the ra-
tio of total testosterone and SHBG, which is
considered unreliable and not clinically rel-
evant (36). Immunoassay for free testoster-
one and assessment of free testosterone by
calculation should not be considered as re-
liable as the results obtained by a reference
method. The biochemistry laboratory should

231



232

Central Eur J Paed 2018;14(2):224-235

advise the clinician of the limitations of the
direct approach of testosterone measurement
and formula-approach, which should only be
used in cases of abnormal total testosterone

result (37).

Vitamin D

Though not a hormone, but a precursor of
the hormone 1,25-dihydroxy vitamin D, the
measurement of the main circulating form
25-OH D is routinely undertaken by im-
munoassay-based methods (40, 41). Assess-
ment of vitamin D status is of great clinical
importance due to the epidemic proportions
of hypovitaminosis D and the involvement
of vitamin D in various biological processes.
25-OH D is a candidate for mass spectrom-
etry as its measurement by immunoassay is
burdened by several technical problems, e.g.
the presence of metabolites that cross-react
and the strong affinity to its binding pro-
tein. Commercial assays do not always have
optimal clinical performance and some have
been replaced (41, 42, 43, 44). In particu-
lar, at low concentrations, hypovitaminosis
D may be over or under-diagnosed. Due to
method-related problems, hypovitaminosis
should not be diagnosed based only on the
levels of immunoassay measured 25-OHD

(43, 45, 46, 47).

Biotin

A problem for some immunoassay-based
methods is the supplement biotin, widely
used for various conditions in high doses,
e.g. as a skin and hair remedy. Biotin is also
a common reagent in immunoassays and its
presence in blood can cause interferences.
Biotin in human serum can cause the dis-
placement of antibodies in a reaction or can
block binding sites, depending on the type
of method. Consequently, the results can be
too low or too high. This is important for

the clinician as this type of immunoassay is
used in hormone measurements, but also for
other analytes, such as vitamins. In cases of a
discordant test result with clinical presenta-
tion and other diagnostic procedures, infor-
mation on supplements should be obtained
from the patient (48).

Current Standpoint and the Future of
Hormone Measurement

Hormone measurement has advanced since
its introduction into clinical diagnostics, and
mass spectrometry for the measurement of
steroid hormones is superior to commercial
immunoassays. Its clear advantage is in its
superior specificity, but it is not yet widely
available due to technical requirements and
costs. Advances in manufacturing LS-MS
technology has already enabled its applica-
tion in some laboratories for hormone mea-
surements and 25-OH D. The clear advan-
tages of immunoassays are the simplicity of
the process in various hospital settings and
regarding personnel, the availability of the re-
agents, automation, and the very acceptable
costs with high throughput (11). It should
be also kept in mind that the contemporary
diagnostic approach demands confirmation
and exclusion of diseases within a short time
period. With good internal quality control
(individualized to the specific laboratory and
methods) and proficiency testing, the test re-
sults should be reliable with respect to known
limitations and problems. Additionally, im-
munoassay should have traceable calibration
against mass spectrometry, which can con-
tribute to its quality.

Manufacturers are obliged to provide all
the necessary information about their prod-
ucts, which is also mandatory according to
the ISO standard for manufacturers of medi-
cal equipment, but they often fail to do so
(8,11). In the race to launch a product, a
thorough investigation of the method is not




performed regarding the intended use of the
reagents, which may partly fail to conform to
requirements for certain patient populations.
The manufacturer should provide useful data
for the clinician end-user, e.g. whether the
method is equally reliable throughout the
measuring range, in particular with regard to
the range of clinical decision.

Mass spectrometry is not a uniform solu-
tion to laboratory diagnostics in endocrinol-
ogy, as assay performance is dictated by clini-
cal requirements and not by technology. As
is the case with all methods in biochemistry
laboratory, it is also important for the LC MS
to be validated and quality control measures
used to reduce inter-laboratory variations
(11). For the average hospital laboratory, im-
munoassay will remain the solution in labo-
ratory diagnostics for some time. Calibration
of an immunoassay-based method against a
reference method and using reference mate-
rial for control samples, appropriate quality
management, method validation and qual-
ity control, including information on the
specificity and sensitivity of the assay, should
ensure good medical service to the clinical
specialist.

Conclusion

The medical laboratory provides a service of
quick and reliable result reporting for clini-
cal use, based on improved methodology and
regulated procedures of quality management,
and also supports medical decisions by sup-
plying the clinician with specific information
on the limitations of tests. Cases of incongru-
ence of clinical presentation and test result (s)
may sometimes be resolved in the joint ef-
forts of the specialist in the medical labora-
tory and the clinical setting.
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