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Abstract

This study set out to establish adequate assigned values for a National External Quality Control Programme of
embryo evaluation. The results obtained by Spanish laboratories in this programme are compared with those of a
group of national experts in embryo quality. Image-based embryo evaluation consists not only of classifying
embryos as being of optimal, moderate or poor quality, but also of specifying the clinical decision to be taken regard-
ing each embryo (transfer, cryopreservation or rejection). The proportion of embryos for which there was a high
degree of agreement among the experts was 98.3% for embryo classification and 93.3% for clinical decision; for
the laboratories, the respective values were 44.2 and 42.5%. With respect to the interobserver agreement among lab-
oratories and experts, kappa coefficients were lower than 0.6 both for classification and for clinical decision. The
experts recommended cryopreservation of a higher percentage of embryos classified as poor quality than did the lab-
oratories (28 versus 4%, P = 0.05). The data obtained show that the agreement among laboratories is lower than
among experts, and that the concordance among experts and laboratories is moderate. Therefore, it is recommended
that an assigned value from external quality control programmes is established based on the consensus values
obtained from experts.
Keywords: assigned value, embryo quality, external quality control, interobserver
Introduction

Participation in External Quality Control Programmes
(EQCP) in embryo evaluation is recommended by various
scientific societies (Practice Committee of the American
Society for Reproductive Medicine and Practice Committee
of the Society for Assisted Reproductive Technology, 2006;
ASEBIR, 2008; Magli et al., 2008). In Spain, since 2003, the
Spanish Association for the Study of Reproductive Biology
(ASEBIR) has promoted an EQCP of this type by sending a
DVD/CD-ROM with videos of zygotes and of day 2 and
day 3 embryos to participating laboratories; it has been
e Healthcare Ltd, Duck End Farm, Dry Dra
found that the inclusion of such centres in this kind of pro-
gramme increases the degree of inter-laboratory agreement
in embryo classification (Castilla et al., 2009).

On the other hand, the generalized lack of standardization
concerning evaluation criteria is one of the main problems
facing embryologists in deciding whether an embryo is of
optimal or poor quality. Some authors have proposed sys-
tems based on embryo scoring (Desai et al., 2000; Sharpe-
Timms and Zimmer, 2000; Fisch et al., 2001; De Placido
et al., 2002; Holte et al., 2007), while others prefer to
classify them by means of embryo grading systems
yton, Cambridge CB23 8DB, UK
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(Sharpe-Timms and Zimmer, 2000; Baxter et al., 2006). The
above-mentioned differences among laboratories and the
existence of diverse classification methods make it difficult
to establish assigned values for the embryo images sent to
the EQCP for embryo evaluation.

There are many ways in which the assigned values in an
EQCP may be established; details are given in ISO
13528:2005 [International Organization for Standardiza-
tion (ISO), 2005]. For an EQCP in which embryo images
are evaluated, there are two possibilities: consensus values
from participating laboratories and consensus values from
experts.

In other EQCPs in the field of clinical embryology, such as
sperm morphology, the assigned values are established
from the consensus value from participants (Álvarez
et al., 2005), or consensus values from expert laboratories
(Björndahl et al., 2002).

In the present paper, the aim was to determine which of the
above methods is the most suitable for establishing the
assigned value in the EQCP in embryo evaluation.

Materials and methods

All the data utilized in the analysis were obtained from the
Spanish EQCP for human reproduction laboratories, orga-
nized by Centro de Estudio e Investigación de la Fertilidad
(CEIFER, 2009) in association with the ASEBIR. From
2003 to 2007, over 40 laboratories throughout Spain took
part in the programme, which was primarily focused on
the evaluation of embryo quality and on clinical decision
making.

Between 2003 and 2007, a total of 120 embryos were eval-
uated. Each participating laboratory was sent a DVD/
CD-ROM with videos of zygotes and of day 2 and day 3
embryos. Each video was divided into five groups, the first
one with five videos of zygotes, the next two groups with
five videos each, showing day 2 embryos, and the final
two groups with five videos each, showing day 3 embryos.
The laboratories were asked to classify each zygote or
embryo as optimal, moderate or poor quality. They then
had to decide which two zygotes were considered most suit-
able to retain in culture, and which should be cryopreserved
or discarded and, with respect to the embryos, decide for
each batch (i.e. day 2 or day 3), which two embryos should
be transferred, and of those not transferred, which should
be cryopreserved and which should be discarded.

In addition, the ASEBIR Embryo Quality Working Group
provided a group of five experts selected by the ASEBIR
coordinator. Each of the experts works in a different labo-
ratory, and trained at a different laboratory, centre or uni-
versity. The experts were asked to evaluate the same videos
of embryos used for the Spanish EQCP.

For a given embryo or zygote, the overall classification
assigned by the laboratories is that receiving most votes;
there was considered to be agreement between the laborato-
RBMOnline�
ries when, for an embryo, over 75% of the laboratories con-
curred in their classification or clinical decision. When two
embryo classification categories received the same number
of votes, the embryo was classed as ‘moderate’. When there
were equal opinions on the clinical decision to be taken by
laboratories, the embryo was eliminated from the study
(this occurred with five embryos).

In the experts’ evaluation, there was considered to be agree-
ment on the classification or clinical decision regarding an
embryo or zygote when the five participants made the same
choice; if one or more disagreed, there was considered to be
disagreement.

For data comparison, the kappa (k) index was calculated to
obtain a measure of global agreement, taking into account
that which is only to be expected by chance; moreover, this
index can be generalized to evaluations of more than two
categories. Kappa is intended to give the reader a quantita-
tive measure of the magnitude of agreement between
observers (Viera and Garret, 2005). To interpret the level
of agreement measured by the kappa coefficient, the pro-
posal made by Landis and Koch (1977) was utilized
ð�0:80: almost perfect agreement; 0.61–0.80: substantial
agreement; 0.41–0.60: moderate agreement; 0.21–0.40: fair
agreement; �0:20: slight agreement).

Results

The percentage of embryos on which agreement was
reached was significantly higher among the experts than
among the group of laboratories, both for embryo classifi-
cation (98.3 versus 44.2%) (P < 0.001) and clinical decision
(93.3 versus 42.5%) (P < 0.001) (Table 1).

The agreement between the classification assigned by the
laboratories and that determined by the experts presented
a kappa coefficient of 0.82 [95% confidence interval (CI):
0.59–1] in the case of zygotes, and of 0.58 (95% CI: 0.39–
0.77) and 0.45 (95% CI: 0.24–0.65) for day 2 and day 3
embryos respectively. When the laboratory classification
of an embryo was ‘poor’, in no case was the corresponding
classification by the experts ‘optimum’; and in only one case
(of a day 2 embryo) when the laboratory classification was
‘optimum’ was that of the experts ‘poor’ (Table 2). Taking
into account just the embryos on which the laboratories
were in agreement on the classification, and comparing
these results with the experts’ opinions, the corresponding
kappa coefficient was 0.70 (0.16–1.00) for zygotes and
0.63 (0.44–0.82) for day 2 and day 3 embryos (Table 2).

The agreement between the clinical decision result assigned
by the laboratories and that assigned by the experts pre-
sented a kappa coefficient of 0.72 (95% CI: 0.43–1) in the
case of zygotes, and of 0.57 (95% CI: 0.36–0.78) and 0.46
(95% CI: 0.25–0.67) for day 2 and day 3 embryos respec-
tively. Taking into account just the embryos on which the
laboratories were in agreement on the clinical decision,
and comparing these results with the experts’ opinions,
the corresponding kappa coefficient was 1.00 for zygotes
and 0.74 for day 2 and day 3 embryos (Table 3).



Table 1. Comparison of the level of agreement concerning embryo evaluation among experts and
laboratories (n = 120 embryos).

Evaluation parameter Experts Laboratories P-value

Embryo classification 118 (98.3) 53 (44.2) <0.001
Clinical decision 112 (93.3) 51 (42.5) <0.001

Values are n (%).

Table 2. Comparison of embryo classification (day 2 and day 3 embryos) assigned by experts and
laboratories, according to the majority decision of the laboratories or according to only those
embryos for which there was high agreement among laboratories.

Experts’ decision

Optimal Moderate Poor

Majority decision among laboratoriesa

Optimal 21 (70.0) 9 (23.7) 1 (3.1)
Moderate 9 (30.0) 24 (63.2) 8 (25.0)
Poor 0 (0.0) 5 (13.2) 23 (71.9)
Total 30 38 32

High agreement among laboratoriesb

Optimal 12 (75.0) 1 (11.1) 0 (0.0)
Moderate 4 (25.0) 5 (55.6) 3 (14.3)
Poor 0 (0.0) 3 (33.3) 18 (85.7)
Total 16 9 21

Values are n (%) or n.
aKappa coefficient = 0.52 [95% confidence interval (CI): 0.38–0.65].
bKappa coefficient = 0.63 (95% CI: 0.44–0.82).

Table 3. Comparison of the clinical decision (day 2 and day 3 embryos) assigned by experts and
laboratories, according to the majority decision of the laboratories or according to only those
embryos for which there was high agreement among laboratories.

Experts’ decision

Transfer Cryopreservation Rejection

Majority decision among laboratoriesa

Transfer 30 (78.9) 9 (27.3) 1 (5.6)
Cryopreservation 4 (10.5) 18 (54.5) 4 (22.2)
Rejection 4 (10.5) 6 (18.2) 13 (72.2)
Total 38 33 18

High agreement among laboratoriesb

Transfer 17 (89.5) 1 (9.1) 0 (0.0)
Cryopreservation 0 (0.0) 7 (63.6) 1 (9.1)
Rejection 2 (10.5) 3 (27.3) 10 (90.9)
Total 19 11 11

Values are n (%) or n.
aKappa coefficient = 0.51 [95% confidence interval (CI): 0.36–0.66].
bKappa coefficient = 0.74 (95% CI: 0.56–0.91).
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On performing a joint study of the classification and the
clinical decision taken for a given embryo, and comparing
the results from the laboratories (the category most often
assigned) with those from the experts, it can be seen that
when most of the laboratories decided that an embryo
was of ‘poor’ quality and not to be transferred, in only
4% (1/25) of cases was cryopreservation recommended
(Table 4), while for the experts, of the embryos with a ‘poor’
classification, and hence not suitable for transfer, cryopres-
ervation was recommended in 28% (7/25) of cases
(P = 0.05) (Table 4).

Discussion

On comparing the replies made by the experts and the lab-
oratories, it can be seen that there is almost perfect agree-
ment in the evaluation of zygotes. This finding coincides
with the conclusions of Keck et al. (2004), who observed
that interindividual variability is low concerning the matu-
ration of oocytes and the visualization of pronuclei. Evalu-
ation of day 2 and day 3 embryos revealed a moderate
degree of agreement, although this level is low in compari-
son with the findings of Ziebe et al. (2003), who reported a
kappa coefficient in the range of 0.82–0.93 among three
embryologists concerning evaluation of fragmentation
range and cleavage rate. These discrepancies may be partly
accounted for by the fact that Ziebe et al. (2003) only ana-
lysed one characteristic, the fragmentation range, or cleav-
age rate, while in the present study the whole quality of the
embryo was assessed.

In evaluating embryo quality, a three-category classification
system (optimal, moderate or poor quality) was adopted,
on the basis of its greater simplicity and coincidence with
the criteria of Baxter et al. (2006). The possible effect on
the results of using other embryo classification systems,
such as those based on embryo scoring (Desai et al.,
2000; Sharpe-Timms and Zimmer, 2000; Fisch et al.,
2001; De Placido et al., 2002; Holte et al., 2007) or on
Table 4. Relationship between embryo classificatio
according to the opinion of the experts or accordi

Embryo classification

Optimal

Experts

Clinical decision

Transfer 24 (80.0)
Cryopreservation 6 (20.0)
Rejection 0 (0.0)
Total 30

Laboratories

Clinical decision

Transfer 23 (85.2)
Cryopreservation 4 (14.8)
Rejection 0 (0.0)
Total 27
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embryo grading (Sharpe-Timms and Zimmer, 2000), is
not known. Moreover, the comparisons between laborato-
ries are based on the use of video, which means that record-
ing time was limited; in addition, the embryos were not
rotated for observation from various angles, and thus the
context is an artificial one, in which the embryologist has
no control. However, Arce et al. (2006) demonstrated the
validity of a digital imaging system similar to ours for inte-
rembryologist comparisons.

Despite the low kappa coefficients observed, when the
experts’ opinions did not coincide with those of the labora-
tory agreements, the difference in classifications was of just
one category (i.e. optimal–moderate or moderate–poor),
except in one case, in which the experts classified a 2-day
embryo as ‘poor’ and the laboratories as ‘optimal’.

Moreover, when the laboratories’ response failed to agree
with that of the experts’ opinion, in the majority of cases
(18/32, 56.3%) the quality was overestimated, which is in
accordance with the findings of a study concerning the
results obtained when sperm morphology is assessed by
laboratories lacking the necessary skills for this (Franken
and Kruger, 2006). This suggests that laboratories tend to
be less rigorous than experts in such evaluations.

Regarding clinical decisions, when the responses made by
experts and laboratories were compared, it was found that
there was substantial agreement in the evaluation of
zygotes, and moderate agreement in the case of day 2 or
day 3 embryos. This is in line with Matson (1998), who also
found a high degree of variability among embryologists
as to the clinical decision to be taken on embryo
images. The differences observed arose in a context in
which two embryos were transferred; this limitation pre-
vented study of the differences among laboratories with
respect to the number of embryos transferred. Matson
(1998) observed large differences among the numbers of
embryos to be transferred, in a similar multi-centre study,
n and clinical decision (day 2 and day 3 embryos)
ng to the opinion of the laboratories.

Moderate Poor

13 (35.1) 2 (7.4)
24 (64.9) 7 (25.9)
0 (0.0) 18 (66.7)
37 27

16 (40.0) 3 (10.7)
21 (52.5) 1 (3.6)
3 (7.5) 24 (85.7)
40 28 827
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although in this study a very low number of laboratories
was used.

The differences observed in the present study concerning the
criteria adopted for cryopreserving embryos seem to be
responsible for the high degree of variability in the results
reported for cryotransfer cycles (Nyboe et al., 2006, 2007,
2008). Clear recommendations should be set out by scien-
tific societies in the field of human reproduction as to which
embryos should be cryopreserved and which should not.

There are more discrepancies among the laboratories than
among the experts, which is in agreement with the findings
of other authors, who have observed that inter-laboratory
differences in embryo evaluations are inversely related to
the degree of activity, with fewer differences being reported
among laboratories with high levels of activity (Baxter
et al., 2006), and among experienced embryologists (Arce
et al., 2006). The question of intra-observer agreement
was not examined; nevertheless, various authors have
shown there to be good intra-observer agreement in similar
situations (Arce et al., 2006; Baxter et al., 2006). In sum-
mary, the low level of agreement between laboratories
and experts, as well as the lower variability among the
latter, lead to the conclusion that experts’ consensus values
should be adopted as the assigned values in EQCPs.
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