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BACKGROUND: The aim of this study was to calculate the analytical goal for seminal parameters based on the
state of the art, and then to compare these specifications with those previously obtained by our group based on bio-
logical variation. METHODS: All data used for analysis were derived from the Spanish programme of external
quality control on semen analysis. Over 90 laboratories participated from 1999 to 2003. Using graphs of the state
of the art, we also determined the numbers of laboratories that achieved quality specifications. RESULTS: The
total allowable error calculated using state of the art graphs is similar to that calculated using biological variation
for concentration and total motility. However, it is much higher for morphology and rapidly progressive motility.
Over 80% of the laboratories achieved the minimum quality specification based on biological variation for concen-
tration, total and progressive motility. However, only ,30% of the laboratories achieved the minimum quality spe-
cification based on biological variation for morphology and rapidly progressive motility. CONCLUSIONS: The
study enabled us to identify the state of the art of analytical performance for seminal parameters, and revealed
the difficulty inherent in meeting the quality specifications based on biological variation.
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Introduction

Quality control and a quality assurance programme are an

essential part of the andrology laboratory (McCulloh, 2004).

Quality assurance programmes for the clinical laboratory

require an assessment of accuracy, i.e. the closeness of the

measured result to the real value, using internal and external

quality assessment. The control of the analytical process is

concerned with maintaining test results within required

limits. The maximum allowable analytical error can be

defined by various strategies (Fraser et al., 1999) and these

have been ordered hierarchically (Kenny et al., 1999).

Ideally, quality specifications should be derived objectively

from an analysis of medical needs. Unfortunately, this is very

difficult and the necessary calculations have been made for

only a few analytes in a limited number of different clinical

settings (Petersen et al., 1999). Other strategies that have

been recommended for determining quality specifications

include professional recommendations (guidelines by national

or international expert groups or by expert individuals or

institutional groups), those established by regulation or by

external quality assessment schemes (EQAS), or those

derived from data on the state of the art (Table I).

Quality specifications based on components of biological

variation, within and between subjects, have been proposed

by various professional groups (Fraser, 2001). Cotlove et al.

(1970) proposed that a desirable quality specification

expressed as the analytical coefficient of variation for assays

should be equal to or less than half of the within-subject bio-

logical coefficient of variation (,0.5 CVBw). However, for

assays that with currently available techniques could not

easily meet this analytical goal, Fraser et al. (1997) suggested

a minimum analytical goal expressed as the analytical coeffi-

cient of variation of ,0.75 CVBw. For assays for which it is

easy to meet desirable standards, the same authors suggested

an optimum quality specification expressed as the analytical

coefficient of variation of ,0.25 CVBw.

The components of a semen analysis are often accepted at

face value without regard for errors. However, previous

studies have shown that there is a high degree of variation

between results (Neuwinger et al., 1990; Jorgensen et al.,

1997; Auger et al., 2000). The degree of variation is due in

part to inadequate technical training and to an absence of

commonly accepted laboratory standards. To address the pro-

blem of laboratory standards for semen analyses, the World
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Health Organization (World Health Organization, 1999)

and the European Society for Human Reproduction and

Embryology (ESHRE) have published manuals in this respect

(Kvist and Björndahl, 2002).

We have reported previously a study of analytical goals

for semen parameters using the components of biological

variation (Álvarez et al., 2003), following the above-men-

tioned recommendations of Fraser et al. (1997) (,0.75

CVBw). The model is based on healthy subjects, sperm

donor candidate and strict protocol-controlled conditions

(e.g., three to four abstinence days, same period of study,

same analytical procedure, same frequency per sample).

However, the lack of a standardized methodology used by

those seeking to obtain the values of the components of bio-

logical variability, together with the fact that it is unclear

whether biological variation components derived from

healthy subjects can be extrapolated to pathological situations

(Ricós et al., 1999), limit its use.

For these reasons, it is necessary to obtain analytical goals

from another model. The use of the state of the art has been

proposed by many bodies, including the French Society of

Clinical Biology (Vassault et al., 1999) and the Spanish

Association of Analytic Pharmaceutics (AEFA) (Calafell

et al., 2002). Comparison of analytical quality can be accom-

plished through reference to the performance achieved by the

best laboratories participating in EQAS. The aim of this

study was to calculate the analytical goal for seminal par-

ameters based on the state of the art, and then to compare

these specifications with those obtained previously by

Álvarez et al. (2003) based on biological variation.

Materials and methods

All data used for analysis were obtained from the Spanish pro-

gramme of external quality control on semen analysis under the

auspices of the Association for the Study of Reproductive Biology

(ASEBIR), the Spanish Association of Medical Biopathology

(AEBM) and the AEFA, with over 90 laboratories throughout Spain

participating in the programme between 1999 and 2003. Proficiency

testing programmes were developed for the determination of sperm

count, sperm motility, sperm morphology and sperm vitality. The

quality control material mailed in 10 (twice per year) trials and

used in this study were as follows: two aliquots of formalin sperm

suspension for sperm concentration (a total of 20 samples), at least

two samples on videotape for motility (24 samples), two unstained

(20 samples) and two stained semen smears (20 samples) for mor-

phology and two eosin Y–Nigrosin semen smears (20 samples) for

vitality.

The samples used for the Spanish programme of external quality

control on semen analysis were obtained from donor candidates, all

of whom previously gave their informed consent for their ejaculates

to be used in the investigation. Serum studies were performed for

HIV, hepatitis B, hepatitis C and syphilis. All were negative.

The data obtained from different laboratories were analysed

according to the following protocol. First, outlying results were

identified as described by Thienpoint et al. (1987) and excluded

from analysis. After outliers had been excluded, all the data were

normally distributed as confirmed by the Kolmogorov–Smirnov test.

Next, the target value was defined as the mean of the remaining

observations and was calculated for each seminal parameter in every

control sample. The total error (TE) was obtained by subtracting the

target value (TV) from the result submitted by the laboratory ignor-

ing outliers (X) dividing by the former and multiplying by 100:

TE ¼ ððX 2 TVÞ=TVÞ*100

The number of results sent by each laboratory for each seminal

parameter for the whole set of control samples was determined

(Table II). The proportion of laboratories that reported results for a

given seminal parameter within the error margins for at least 75%

of the quality control samples received was calculated. A similar

calculation was done for the proportion of laboratories reporting all

results (100%) within the error margins. Figures 1 and 2 show, for

each seminal parameter, a cumulative percentage of laboratories

(y-axis) that reported results within an increasing error from the tar-

get value (x-axis). These results were calculated, on one hand, for

laboratories that returned results on at least 75% and, on the other,

for those that returned results on 100% of the samples received.

The total allowable error based on the state of the art was calcu-

lated according to the three levels of analytical goal (optimum,

desirable and minimum) proposed by AEFA (Calafell et al., 2002).

Optimum quality specification is that which is obtained by the best

25% of laboratories that reported results for a given seminal par-

ameter on all of the quality control samples received. These are the

25% of laboratories that most closely approach the target value and

therefore they are the 25% of all laboratories with lowest TE in

their results. The specification is obtained by examining the location

in the state of the art graphs (Figures 1 and 2) of the cut-off point

Table I. Hierarchy of models to set analytical quality specifications in
laboratory medicine (Kenny et al., 1999)

1. Evaluation of the effect of analytical performance on clinical outcomes in
specific clinical settings
2. Evaluation of the effect of analytical performance on clinical decisions in
general:
a. Data based on components of biological variation
b. Data based on analysis of clinicians’ opinions
3. Published professional recommendations
a. From national and international expert bodies
b. From expert local groups or individuals
4. Performance goals set by:
a. Regulatory bodies
b. Organizers EQAS
5. Goals based on the current state of the art
a. As demonstrated by data from EQAS or proficiency testing scheme
b. As found in current publications on methodology

Table II. Number of laboratories that returned data for a given seminal
parameter on at least 75% or 100% of the samples received

Seminal parameter All laboratories Returned data
on at least 75%
of the samples
received

Returned
data on 100%
of the samples
received

Concentration 104 76 60
Morphology
unstained smears

97 72 57

Morphology
stained smears

97 76 66

Total motility 89 72 60
Progressive motility 89 73 63
Progressive
rapid motility

89 73 65

Vitality 100 77 60
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corresponding to 25% of the laboratories for 100% of the samples

processed. The second category, desirable quality specification, is

that produced by a majority of laboratories (the best 75%) that

reported results for a given seminal parameter on at least 75% of

the quality control samples received. This is obtained by examining

the location (Figures 1 and 2) of the cut-off point corresponding to

75% of the laboratories for 75% of the samples processed. The third

type, the minimum specification, corresponds to that obtained by a

majority group of laboratories (the best 90%) that reported results

for a given seminal parameter on at least 75% of the quality control

samples received. This specification is obtained by examining the

location (Figures 1 and 2) of the cut-off point corresponding to 90%

of the laboratories for 75% of the samples processed. The labora-

tories included in the group of the best 25% laboratories for a given

seminal parameter are included in the group of the best 75% labora-

tories, and these are included in the group of the best 90% of labora-

tories for that seminal parameter.

The quality specifications for total allowable error based on the

components of biological variation were calculated from the data

reported by us previously (Álvarez et al., 2003) and using the three-

level model (optimum, desirable and minimum) proposed by Fraser

et al. (1997) (Table III) In the daily practice of control material ana-

lysis, a laboratory should not commit a TE percentage exceeding

that determined in the quality specification. Consider the following

example: a sperm suspension has a concentration of 20 £ 106/ml,

and the analytical goal based on the state of the art, expressed as a

percentage of TE, is 28%. This means that the laboratory in question

should obtain a result between 14.4 £ 106/ml and 25.6 £ 106/ml in

order to be considered an optimal laboratory.

Using the state of the art graphs, we also determined the number of

laboratories that achieved the three levels of quality specifications for

total allowable error based on the components of biological variation.

Figure 1. State of the art graphs for concentration (A), morphology unstained smears (B), morphology stained smears (C) and vitality (D).
Curves calculated using data from laboratories that reported results for a given seminal parameter on at least 75% (upper curve) or on 100%
(lower curve) of the quality control samples received.

Table III. The quality specifications expressed as a percentage of total error
based on the components of biological variation proposed by Fraser et al.
(1997)

Performance TE

Minimum # 1:65*0:75CVBw þ 0:375

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CV2

Bw þ CV2
Bb

q

Desirable # 1:65*0:5CVBw þ 0:250

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CV2

Bw þ CV2
Bb

q

Optimum # 1:65*0:25CVBw þ 0:125

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CV2

Bw þ CV2
Bb

q

TE = percentage of total allowable error; CVBw = within-subject variability
expressed as a coefficient of variation in %; CVBb = between-subject varia-
bility expressed as a coefficient of variation in %.

Quality specifications for seminal parameters
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Results

The total allowable error for seminal parameters (Table IV)

was calculated from the state of the art graphs obtained

(Figures 1 and 2). For morphology (stained and unstained

smears), progressive motility and vitality, the minimum

criteria were not calculated owing to the high total error

obtained.

The total allowable error calculated using the state of the

art graphs was similar to that calculated using the biological

variation for concentration and total motility. However, it

was much higher for morphology and progressive rapid

motility.

The percentage of laboratories that achieved the three

levels of quality specifications for total allowable error based

on the components of biological variation are presented in

Table V. Over 80% of the laboratories that reported on at

least 75% of the quality control samples received achieved at

Figure 2. State of the art for total (A), progressive (B) and progressive rapid (C) motility. Curves calculated using data from laboratories that
reported results for a given seminal parameter on at least 75% (upper curve) or on 100% (lower curve) of the quality control samples
received.

Table IV. Quality specifications of seminal parameters expressed as a percentage of TE obtained from biological variation or state of the art graphs

Optimal Desirable Minimal

Biological variation State of the art Biological variation State of the art Biological variation State of the art

Concentration 18a 28 37 37 56 54
Morphology 14 60b 28 85b 42

66c 88c

Total mobility 11 14 23 21 35 32
Progressive motility 10 18 21 30 32
Progressive rapid motility 14 63 29 71 43 93
Vitality 7 23 15 35 23

aNumbers are the percentage of total allowable error in a given seminal parameter.
bCalculated using results of EQAS using unstained smears.
cCalculated using results of EQAS using stained smears.
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least the minimum level established of quality specifications

expressed as a percentage of TE based on biological vari-

ations for concentration, total and progressive motility. More

than 55% of the laboratories that reported on at least 75% of

the quality control samples received achieved at least the

minimum level established of quality specifications expressed

as a percentage of TE based on biological variations for vital-

ity. However, only ,30% of the laboratories that reported on

at least 75% of the quality control samples received achieved

at least the minimum level established of quality specifica-

tions expressed as a percentage of TE based on biological

variations for morphology and progressive rapid motility.

Discussion

Quality specifications based on biological variation are simi-

lar to state of the art specifications for concentration, and

total and progressive motility. However, specifications of

analytical quality based on biological variation for mor-

phology, progressive rapid motility and vitality are very

different from quality specifications based on the state of the

art. These discrepancies are also observed for other biological

magnitudes using different models from set analytical quality

specifications in laboratory medicine (Lott, 1999; Petersen

et al., 2001).

Several limitations of the present study should be men-

tioned. First, in this study the target value used was the mean

value for all laboratories and not the mean value obtained

from highly experienced laboratories (reference laboratories)

as suggested by other authors (Cooper et al., 1999). This

may narrow the conclusions of the study, although different

studies have indicated that even experienced groups have a

noticeable amount of disagreement for seminal parameters

(Neuwinger et al., 1990; Jorgensen et al., 1997; Auger et al.,

2000). Secondly, the materials used in the challenges (sperm

suspension, video) are different from the semen obtained

from patients or that used in the specifications based on

biological variation, and participants may adopt special ana-

lytical techniques to ensure good performance, as suggested

by Kvist and Björndahl (2002). Thirdly, EQAS for semen

analysis require standardization, as the same laboratory may

obtain different results depending on which programme it is

participating in (Cooper et al., 2002). Therefore, it is

essential for quality control systems to be set up to ensure

the homogeneity of the material analysed in external quality

assessment schemes of semen analysis.

The proposed analytical goals based on biological vari-

ation for morphology are probably too strict, and would be

difficult to meet. When we comply with World Health

Organization recommendations and assess the proportion of

normal sperm in an ejaculate in 2 £ 200 sperm, with the true

percentage of normal form being 14%, the 95% confidence

interval is ^24.2% of the real value (10.6–17.4% of normal

sperm). If we add to the counting error other error factors

such as inter-observer or inter-laboratory variability (Neuwin-

ger et al., 1990; Jorgensen et al., 1997; Auger et al., 2000;

Keel, 2004), it seems clear that the minimum (,14%) and

desirable (,28%) performance based on biological variation

is too strict. Quality specifications based on biological vari-

ation should be considered a target, not inflexible criteria of

acceptability (Fraser, 1988; Kenny et al., 1999). Quality spe-

cifications based on biological variation may not be

adequate when we analyse pathologic samples, as the

reproducibility of seminal parameters is different in astheno-

zoospermic and normozoospermic individuals using compu-

ter-assisted semen analysis (McKinney and Thompson,

1994).

On the other hand, the optimum performance determined by

state of the art criteria for morphology seems too high. If we

accepted this level of quality, it would mean that for a male

with 14% of normal forms, values of 5–23% could be

obtained, if stained smears were used. As the specifications of

analytical quality based on the state of the art depend on the

performance of laboratories, the former should be periodically

checked, although large variations are not to be expected, as

various EQAS contributions were used for the study.

There remain to be established definitive values for quality

specifications determined by medical necessities. From the

quality specifications based on biological variation, we can

conclude that the methodology and technology used in the

laboratories participating in Spanish EQAS to determine con-

centration, total and progressive motility is adequate, because

a high proportion of laboratories achieved the minimum

quality specification for total allowable error based on

the components of biological variation. However, quality

specifications based on biology are not met by a high number

Table V. Percentage of laboratories that achieved the levels of quality specifications expressed as a percentage of TE based on biological variations according
to the results reported for a given seminal parameter on at least 75% or on all (100%) of the quality control samples received

Achieved minimal level Achieved desirable level Achieved optimal level

75% 100% 75% 100% 75% 100%

Concentration 91a 70 75 42 24 12
Morphology unstained smears 17 8 10 5 3 1
Morphology stained smears 18 7 8 2 1 0
Total motility 94 74 80 45 35 8
Progressive motility 80 37 55 29 12 5
Progressive rapid motility 36 10 12 2 4
Vitality 59 27 28 9 3 3

aExample: 91% of the laboratories that reported on at least 75% of the quality control samples received achieved at least the minimum level established of
quality specifications expressed as a percentage of TE based on biological variations.
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of laboratories concerning morphology and progressive rapid

motility. This may be due to the fact that the methodology or

the standardization needs to be improved. Among theoretical

solutions could be the use of computer-assisted semen analy-

sers, an improvement in the standardization of criteria and

the evaluation of participation results by means of external

quality control. The first possibility has not been found to be

of great utility in reducing inter-laboratory variability (Keel

et al., 2000). However, the second (Franken et al., 2000;

Björndahl et al., 2002; Franken et al., 2003) and the third

(Cooper et al., 1999) options have been shown to reduce

differences between andrology laboratories.

The large difference found between quality specifications

based on the state of the art for total and progressive motility

versus rapid progressive motility suggests that the assessment

of WHO grades a and b motile spermatozoa is a major source

of errors, as shown previously (Dunphy et al., 1989).

In summary, the present study enabled us to identify

the state of the art of analytical performance for seminal

parameters, and to reveal the difficulty inherent in meeting

the specifications for quality based on biological variation

and in establishing analytical goals based on the state of the

art.
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