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Abstract
Infertility has been recognized as a public health issue by the World Health Organization (WHO),
affecting more than 80 million people worldwide. Infertility is growing its prevalence, leading to an
increase of seeking medical assistance for this kind of conditions. Over the years assisted reproduction
technology (ART) is visibly increasing its demand. However, ART has success rates below 50% and
some adverse effects, like multiple pregnancy, which must be avoided.
By applying multiple criteria decision analysis (MCDA), this project seeks to help in the decision of
how many and in which stage embryos should be transferred, in order for a couple to achieve pregnancy
and minimize the risk of multiple pregnancy. This was done by resorting to ELECTRE TRI-nC, an
outranking method that helps the decision, assigning a couple (action) to one amongst four possible
categories. These categories were characterized by the number and stage of embryos for transference.
These couples were evaluated through a set of criteria, defined in interaction with the decision- maker.
The final model is useful, very direct and simple to use because it took into consideration the way
that couple’s data are registered in a clinic.
Regarding the assignments, in general, around 88% and 84 of the couples were affected to only one
category, considering different criteria’s weights. The results showed that the model recommended the
expected in around 48% of the cases.
In conclusion, there is still some work to be done, but the direction to achieve a reliable model with
good assignment recommendations, is the right one.
Keywords: ELECTRE TRI-nC, infertility, multicriteria analysis, number of embryos, stage of embryos

1. Introduction
One of the most universally desired goals in adult
life is parenthood. Nevertheless, some couples
cannot achieve a successful pregnancy without
medical help. Infertility has been recognized as a
public health issue by WHO (Boivin et al., 2007),
and affects more than 80 million people
worldwide. Infertility can be one of two types:
primary infertility which is the clinical term to
nominate an infertile couple with no previous
pregnancies before the prognosis; and secondary

infertility that is when an infertile couple already
had pregnancies before a prognosis (WHO).
Nowadays, in Portugal, it is around the age of
30 that women decide to have their first child, five
years later than in 1960 (PORDATA). The
postponement of having a family, over the years,
influences the increasing prevalence of infertility,
which justifies the growth of seeking help to deal
with this condition, by appealing to ART.
ART includes procedures that involve in vitro
handling of human gametes or embryos for

purposes of establishing a pregnancy. Since the
first baby conceived by IVF which gave birth to
Louise Brown, in 1978, many groups worldwide
have reported their experiences with in vitro
fertilization (IVF) and related procedures
(Bhattacharya & Kamath, 2014; ZegersHochschild et al., 2009).
The final goal of ART is to deliver, a single and
healthy baby, nevertheless, ART is associated
with some adverse effects. The multiple
pregnancy is one of them, and because it comes
associated with many consequences for the
mother as well as for the baby, it is necessary to
reduce its frequency. Maternal complications,
among others, include a significant increase in
anaemia, higher risk of pregnancy-induced
hypertension and pre-eclampsia. Furthermore,
the prevalence of gestational diabetes is
associated with the number of embryos: 3% for
singleton pregnancies, 5-8% for twins and >10%
for triplets. Many newborns have low birthweight
(<2500g) or even very low birthweight (1000g).
Likewise, multiple pregnancies have an increased
relative risk of infant mortality and a pre-term
delivery (<37 weeks) with much more frequency,
compared to singleton pregnancies (Ombelet et
al., 2005).
In most developed countries, 30-50% of all
twin pregnancies result from infertility treatment.
Data for Portugal, according to the Conselho
Nacional de Procriação Medicamente Assistida
(CNPMA) report, in 2014, the multiple delivery
rate of ART births was 20,4% (CNPMA, 2016).
In this line of context, the purpose of the
following work suggests the application of MCDA.
MCDA is a research field within the Operations
Research field of studies. Multiple criteria
problems have much information of a complex
and conflicting nature, often reflecting opposing
points of view and frequently changing through
time. One of the principal aims of MCDA is to help
decision makers organize and synthesize such
information in a way which conducts them to feel
comfortable and confident about the decision
making. Also, when all criteria or factors have
been correctly considered it minimizes the
potential for post-decision regret (Belton &
Stewart, 2002).
The application of MCDA in ART is done in this
work, with the purpose of trying to find a solution
to decrease the occurrence of multiple pregnancy,
without jeopardizing the overall birth rate (Pandian
et al., 2013).

2. ART: State of the art
To develop an appropriate application of MCDA, it
is necessary to understand all the factors that can
affect the ART treatments. This work will focus on
the factors that influence the embryos transfer.
General factors affecting the embryos
transfer
The use of previous data to examine the factors
that affect the outcome of an ART treatment was
done by Templeton et al. (1996) and Bhattacharya
et al. (2013). They found that the age of women is
one of the most important factors that influence
the success of treatment, being the livebirth rates
higher at younger ages. Aside that, prior
pregnancies, prior treatments or even the quality
of the generated embryos influence the treatment
results. Prior pregnancies with live births cause a
positive influence in the current treatment as well
as the embryo quality. The failure of prior
treatment attempts leads to a negative effect on
the current experiment. The highest probability of
success is in the first treatment attempt.
Another factor like endometrial thickness was
related to treatment outcome. The endometrial
thickness has a predictive value for treatment
outcome in younger patients since advanced
reproductive age cannot be compensated by
optimal endometrial development (Zhang et al.,
2005).
Taking in consideration male factors Balaban
et al. (2001) found that implantation rate per
transferred embryo was significantly increased in
the group in which the source of spermatozoa was
ejaculation, compared to the testicular one.
Loutradi et al. (2006), demonstrated reduced
fertilization and cleavage rates associated with
poor semen parameters, like concentration and
source. In fact, the incidence of DNA
fragmentations has been found to be higher in
samples with low sperm concentration.
Specific factors affecting the embryos
transfer
The effectiveness of implantation relies upon,
mostly, in a well-balanced embryo-endometrium
interaction, though the embryo quality is, also, an
important factor for its success (Achache & Revel,
2006). Thus, it becomes essential to develop
methods of selecting the embryos that possess
the greatest potential to implant (Tsai et al., 2002).

It is important to address that embryos can
have several stages, these are described in
Figure 1.
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Figure 1. A- zygote with the two pronucleus; B- cleavage stage
embryo with four blastomeres (cells); C- morula stage embryo;
D- blastocyst stage embryo with a cavity, blastocoel, The outer
cells of the blastocyst, forming the blastocyst structure itself
are called the trophoblasts (TE) and the cells located inside the
blastocoel, often forming a cell clump at one pole of the
blastocyst, are called the inner cell mass (ICM).

According to Royen et al. (1999), the culture
conditions are still imperfect, which means that the
longer culture lasts, the fewer suitable embryos
are left for transfer. So, it would be convenient the
effective selection of embryos at an earlier stage.
In this study, it was evaluated the characteristics
of embryos that had resulted in an ongoing
implantation. They concluded that top-quality
embryos had to have 4 or 5 blastomeres at day 2
and show none multinucleated blastomeres.
When evaluated at day 3, a top-quality embryo
had to possess 7 or more blastomeres, less than
20% of fragmentation (portions of cytoplasm with
no DNA surrounded by a membrane) and no
presence of multinucleated blastomeres.
For Maheshwari et al. (2016) the extension of
culture to a blastocyst stage ensures the
identification of embryos that have managed to
activate their embryonic genome, which promotes
their survival or implantation. Transfer at a
blastocyst stage has become the strategy of
choice for most clinics, with the goal of achieving
a healthy singleton live-birth, however, the
cumulative pregnancy rate related at this stage is
lower, when compared with a cleavage stage
transfer, once the culture extension results in a
decreasing survival rate.
When
addressing
the
morphological
evaluation of blastocysts, the grading system
presented by Garden and Schoolcraft (1999), is
the most applied. It includes three different
parameters: EH (expansion and hatching) stage
(1 to 6), ICM grade (A to C) and TE grade (A to C).
Abbeel et al. (2013) found that blastocyst with a
high stage of EH and high grades of ICM and TE
(i.e., AA) was estimated to result in approximately
twice as high chances of obtaining a live birth
compared with a transfer of low grades of ICM and
TE (i.e., CC).

Carvalho et al. (2017) evaluated if the
outcomes of treatment in frozen-thawed embryo
transfer and fresh embryo transfer cycles differ
according to the stage of embryo development.
They found out that blastocyst transfer is better
than cleavage stage embryo transfer in fresh
cycles, which is explained by the blastocyst
capacity to overcome the negative impact of the
ovarian stimulation on endometrial receptivity.
Nevertheless, in frozen-thawed embryos transfer
cycles (TEC), cleavage or blastocyst stages
seemed to offer similar reproductive outcomes,
which is justified by the non-stimulated
endometrium or minimally stimulated in those
cycles.
To reduce the multiple pregnancy rates, it has
been considered a single embryo transfer.
However, this needs to be balanced with the risk
of endangering the overall live birth rate (Pandian
et al., 2013). Taking into consideration the
quantity of embryos transferred, generally, two
strategies have been studied and applied: double
embryos transfer (DET) and single embryo
transfer (SET).
Maheshwari et al. (2011) showed that there are
some geographical variations in the usage of SET,
between 69,4% in Sweden and 2,8% in the USA.
Knowledge that DET increases the probability of
live birth discourages couples from SET, as well
as, the strong preference for twins. Besides, SET
is often associated by couples to having low
pregnancy rates.
Gardner et al. (2004) compared single
blastocyst transfer and double blastocyst transfer.
In their study, there was no difference in
implantation or pregnancy rates, although there
was a significant difference in the multiple
gestation rate, since a single multiple case was
not observed in patients receiving a single
blastocyst.
Elective single embryo transfer (eSET) is a
selection of one embryo, among others available,
for transfer. Normally, this strategy is applied to
patients previously selected, which was proven by
Montfoort et al. (2006). In their study, they applied
eSET, without considering the women’s age and
the embryo’s quality, and only women with good
prognosis had a success treatment.
The review analysis done by Pandian et al.
(2013) indicate that live birth and pregnancy rates
following SET are lower than those following DET,
in a fresh cycle. Nevertheless, the risk of multiple
pregnancy is higher in the latter strategy. When

addressing to TEC, it was found no significant
difference between the live birth rate in a single
cycle of DET and the cumulative live birth rate in
SET, with cleavage stage embryos.
There are two types of transfer cycles: fresh
embryo transfer cycle and TEC. In TEC, embryos
are generated in a previous cycle, so in the current
one there is no ovarian stimulation, neither
oocytes retrieve. So, these cycles are, normally,
more patient-friendly and less invasive, compared
with the fresh cycles (Evans et al., 2014).
Cryopreservation techniques allow the use of
cumulative effect, a fresh cycle followed by TEC,
which results in higher pregnancy rates per
oocytes retrieval. Besides that, TEC enables a
better synchronization between embryo and
endometrium, since the latter is no longer under
controlled ovarian stimulation (Roque et al.,
2013).
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3. Methodology
This section presents the chosen sorting method,
ELECTRE TRI-nC.
ELECTRE TRI-nC
ELECTRE TRI-nC is an outranking method from
the ELECTRE family.
Let A= {𝑎1, 𝑎2, …, 𝑎i, …} be the set of potential
actions. The aim is to assign each potential action
to a set of completely ordered categories, C= {C1,
C2, …, Ch, …}. For this, each action must be
evaluated by a family of criteria F= {g1, g2, …, gj,
…}. g(𝑎) represents the performance of action 𝑎 in
a certain criterion. Moreover, all categories are
defined by a set of reference actions, B= {B1, B2,
…, Bh, …, Bq, …}. Bh= {brh, r=1, …, mh} is the
subset of reference actions that define category Ch
such that, mh≥ 1 e h= 1, …, q.
Each criterion, gj, is associated with a
preference threshold (pj) and an indifference (qj)
threshold such that, pj ≥ qj ≥0, gj, is considered a
pseudo-criterion. These thresholds are introduced
to consider the imperfect character of the data
from computation of the performances gj (𝑎), for all
𝑎 є 𝐴. When using these thresholds, the following
binary relations can be derived for each criterion:
1. If | gj (𝑎)- gj (𝑎’) | ≤ qj, then 𝑎 is indifferent to 𝑎’
according to gj, denoted 𝑎𝐼 j𝑎′ .
2. If | gj (𝑎)- gj (𝑎’) | > pj, then 𝑎 is strictly preferred
to 𝑎’ according to gj, denoted 𝑎𝑃 j 𝑎’.
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Let λ denote a credibility level as the minimum
degree of credibility, which is considered
necessary by the decision-maker for validating, or
not, an outranking statement taking all the criteria
from the set of criteria into account.
In general, this minimum credibility level takes
a value within the range [0.5, 1].
The assignment procedure is composed by
two joint rules, each one rule making use of the
selection function:
𝜌({𝑎}, 𝐵ℎ ) = min{σ ({𝑎}, 𝐵ℎ ), σ (𝐵ℎ , {𝑎})
The joint rules are going to provide the
assignment category, for each 𝑎:
Descending rule, choose a credibility level, λ
(0,5≤ λ ≤ 1,0), decrease h from (q+1) until the first
value of t, such that σ ({𝑎}, 𝐵𝑡 ) ≥ λ. If t= q, assign
action 𝑎 to category Cq. When 0<t<q, if
𝜌({𝑎}, 𝐵𝑡 ) < 𝜌({𝑎}, 𝐵𝑡+1 ), assign 𝑎 to Ct and to
Ct+1, otherwise. For t= 0, select C1.
Ascending rule, choose a credibility level, λ (0,5≤ λ
≤ 1,0), increase h from 0 until the first value of k,
such that σ ({𝑎}, 𝐵𝑘 ) ≥ λ. If k=1, assign action 𝑎 to
category C1. When 1<k<(q+1), if 𝜌({𝑎}, 𝐵𝑘 ) <
𝜌({𝑎}, 𝐵𝑘−1 ), assign 𝑎 to Ck and to Ck-1, otherwise.
For k= q+1, select Cq.
One action can be assigned to one category or
a range of categories (Costa & Figueira, 2016).

4. Problem statement by MCDA
The success of an ART treatment never reaches
50%, which puts some pressure on couples and
clinics. However, the transfer of more than one
embryo, at once, can lead to an increase of
multiple pregnancy rate, which has several
undesired consequences. The goal is to balance
these two rates, the success rate and the multiple
pregnancy rate (CDC et al., 2016; Maheshwari et
al., 2011; Blennborn et al., 2005).
The aim of MCDA is to help in this matter, by
building a model that recommends the number
and stages of embryos that should be transferred,
considering a given couple (Belton & Stewart,
2002). This model is focus on TEC since it has
several advantages compared with the fresh
transfers. The model recommends by assigning
couples (actions) to a certain category, defined
previously. In Table 1, categories are ordered by
the risk of multiple pregnancy, from C1 which is the
highest risk category (worst) to C4, the one with
lowest risk (best). It is important to understand that
the worst category, according to the order
established, is the one that has also, more
possibilities to achieve pregnancy.
Table 1. Definition of the categories from the worst to the
best, according to the risk of multiple pregnancy.
C1

Double blastocysts transfer

C2
C3
C4

Double cleavage stage embryo transfer
Single blastocyst transfer
Single cleavage stage embryo transfer

5. Problem structuration
In here, it is presented the structuring framework
for this problem, and the model-structuring
strategy applied. In this section, the points of view
and the potential actions of the problem are
defined.
Structuring framework
Individual structuring was the framework applied
in this problem, which expresses the concerns of
a group or individual, independently of the other
(Bana e Costa & Beinat, 2005). The decisionmakers, regarding this problem, were two
professional embryologists from CEMEARE, a
private fertility clinic from Lisbon.
Model-structuring strategy
Value-focus thinking was the model-structuring
strategy used in this project. It is defended by
Keeney (1992). This strategy starts by finding out
the values or criteria that are important for

decision-makers, to consider in the evaluation of
the actions. After that, the potential actions can
be, then, defined.
Definition of the points of view: It begins with a
broad discussion about the important concerns,
which decision-makers assume to be essentials in
the evaluation of the actions. A point of view
should be well defined to avoid ambiguity and
misunderstanding. Moreover, each point of view
should be independent of the others. Two points
of view were considered, each of them
subsequently associated with a set of criteria:
Couple’s evaluation and Embryologic factors.
Definition of potential actions: An action is
qualified as potential when it is deemed possible
to implement it, or simply when it deserves some
interest within the decision-aiding process (Roy,
2005). In this work, potential actions are couples
that are being treated by ART techniques, more
precisely, TEC with one or two cleavage stage
embryos, in CEMEARE. TEC episodes were
registered from January to May, of 2017. Couples
that did two TEC, during this period, were
considered twice, as two different actions. In the
studied group, some couples used oocyte or
sperm donation, others did freeze all, while others
not.

6. Model building
This section presents all the steps of the model
building.
Set of criteria
A criterion is a tool co-constructed for evaluating
and comparing potential actions, according to a
point of view. 𝑔(𝑎) is the performance of potential
action 𝑎 on the criterion 𝑔 (Roy, 2005). For this
work, the set of criteria considered is in Table 2.
Table 2. Set of criteria considered in this project.

Couple’s
evaluation

Embryologic
factors

g1: Woman’s age
g2: Prior pregnancies
g3: Prior attempts
g4: endometrium receptivity
g5: sperm conditions
g6: number of frozen embryos
g7: cleavage stage embryo’s
morphologic evaluation

Each criterion should be associated with a
scale (ordinal or cardinal), a preference direction
(maximize or minimize), an intrinsic weight and
the preference and indifference thresholds.
Scales for each criterion

g1: Woman’s age: criterion with a cardinal scale,

represents the woman’s age at the oocyte
retrieval. Maximum considered age is 45 and the
minimum is 20. This criterion is preferably to be
minimized.
g2: Prior pregnancies: criterion with an ordinal scale
with only two degrees, yes, if the couple had prior
pregnancies and no otherwise. Yes, is the
preferred degree.
g3: Prior attempts: constructed criterion with an
ordinal scale, composed by two subcriteria, the
number of embryo transfer failed attempts and the
total number of oocytes retrieval, Table 3. The
preference direction is preferably to be minimized;
level 1 is the preferred one.

The final scale has 9 levels, shown in Table 4, and
the direction preference is to be minimized, so
level 1 is the preferred one. When two embryos
are transferred, only the best embryo of the two is
evaluated, since that is the one with more
possibilities of implantation.
Table 4. Criterion cleavage stage embryo’s morphologic
evaluation’s scale.
Level
1
2
3
4

Table 3. Criterion prior attempts’ scale.

total number of
oocytes retrieval

5

Number embryo transfer
failed attempts

6

≤3
Level 1

>3
Level 2

7

1a2
>2

Level 3

Level 4

8

g4: endometrium receptivity: criterion with an ordinal

scale, represented by his subcriterion, the
endometrium thickness, which is registered in
millimeters, between the 10th and 14th of the
uterine cycle. There are only two degrees: Level
1, if the endometrium thickness is between 8-12
mm and Level 2, otherwise. The preference
direction is to be minimized.
g5: sperm conditions: a constructed criterion with an
ordinal scale. Consider two subcriterion, sperm
origin and sperm concentration. Degrees are
characterized in Figure 2. This criterion is to be
minimized; the level 1 is the preferred one.
>15Million LEVEL 1
Ejaculation

5-15 Million LEVEL 2

9

<1Million
Testicular

Table 5. Embryologist’s and Gynaecologist/Obstetrician’s
weights

LEVEL 4
LEVEL 5

Figure 2. Criterion sperm condition’s scale.

g6: number of frozen embryos: criterion with a

cardinal scale, which refers the number of frozen
embryos of the couple before the TEC. The upper
limit is 10, the lower limit is 1. The preference
direction is to be maximized.
g7: cleavage stage embryo’s morphologic evaluation:

criterion with an ordinal scale. In here, there are
three subcriteria to be considered: transfer day,
number of blastomeres and fragmentation degree.

day 3 - 8 blastomeres or day 2- 4 blastomeres and 0%
fragmentation
day 3 - 8 blastomeres or day 2- 4 blastomeres and
<10% fragmentation
day 3 - 8 blastomeres or day 2- 4 blastomeres and 1020% fragmentation
day 3 – 6 to 12 blastomeres except 8 and 0%
fragmentation
day 3 – 6 to 12 blastomeres except 8 and <10%
fragmentation
day 3 – 6 to 12 blastomeres except 8 and 10-20%
fragmentation
day 3 – <6 blastomeres or day 2- 2 to 6 blastomeres
except 4 and 0% fragmentation
day 3 – <6 blastomeres or day 2- 2 to 6 blastomeres
except 4 and <10% fragmentation
day 3 – <6 blastomeres or day 2- 2 to 6 blastomeres
except 4 and 10-20% fragmentation

Determining the weights
The weight of the criterion, denoted,𝑤𝑗 , is a
coefficient of relative importance. In this project, it
was applied the revised SRF method, purposed
by Simon and then revised by Roy & Figueira
(2002). A framework called DecSpace was used
to apply the method and compute the results. To
determine the weights of the set of criteria, the
judgments of two professionals from CEMEARE
were considered, Table 5.

1-5 Million LEVEL3

Sperm
origin

Level description

g1
g2
g3
g4
g5
g6
g7

Embryologist’s
weights

Gynaecologist/Obstetrician’s
weights

27,66
8,96
5,53
10,62
10,62
20,85
15,76

22,73
13,64
13,64
18,18
2,27
9,09
20,45

Determining the thresholds
Threshold allows modelling the imperfect
knowledge of the data on the computation of the
performances of the actions as well as the
arbitrariness that affects the definition of each
criterion (Dias, 2011).

In this work, there is only one criterion,
woman’s age (g1) which is associated with a
preference (𝑝) and indifference (𝑞) threshold. In
this case, it was established that 𝑞1 = 1 and 𝑝1 =
2.
Defining the reference actions
Each subset of reference actions defines a
category. They are assignment examples, typical
examples of actions that would without a doubt be
assigned to a certain category (Almeida-Dias et
al., 2012).
For this work, it was established one reference
action of each category, except for category two,
which is defined by two actions, Table 6.
The reference actions were defined in
interaction with the decision-makers. Moreover, to

construct them it was considered the type of
couples that, typically, would be assigned to a
given category, according to the decision-makers,
to achieve the pregnancy.
Software MCDA-Ulaval
MCDA-Ulaval was the software to apply the
method ELECTRE TRI-nC. All the information
regarding the model was inserted and all
computations were done by the software. The
data of the actions are presented in Table 7. The
credibility level chosen for this project was 0,6.
The results, Table 7, are examined in the next
section.

Table 6.Definition of the reference actions for each category.
Set of criteria

g1
40
38
35
33
29

𝑏11
𝑏21
𝑏22
𝑏31
𝑏41

C1: 2 blastocysts
C2: 2 cleavage stage embryos
C3: 1 blastocyst
C4: 1 cleavage stage embryo

g2
Não
Sim
Não
Sim
Sim

g3
Nível 3
Nível 2
Nível 3
Nível 2
Nível 1

g4
Nível 2
Nível 2
Nível 1
Nível 1
Nível 1

g5
Nível 4
Nível 3
Nível 2
Nível 1
Nível 1

g6
3
4
3
4
6

g7
Nível 6
Nível 6
Nível 5
Nível 3
Nível 2

7. Results and Discussion
Table 7. Actions’ data base, results of the assignments, according to embryologist’s weights (1) and gynaecologist/obstetrician’s
weights (2). The decision made when TEC was performed, as well as the results of the transference.

λ= 0,6
(1)
g1

g2

23

no

39

no

42

no

37

yes

34

yes

32

no

27

no

34

yes

31

no

36

no

22

no

31

yes

g3

g4

g5

level
3
level
1
level
3
níve
l1
level
3
level
1
level
4
level
1
níve
l1
level
1
level
1
level
1

level
1
level
2
level
1
level
1
level
1
level
2
level
2
level
1
level
1
level
2
level
1
level
1

level
1
level
1
level
1
level
2
level
5
level
1
level
1
level
1
level
1
level
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In total 25 potential actions were assigned,
considering the weights of two professionals.
Seven of them, were assigned to different
categories, when different weights were tested.
When analysing the results, it is possible to
understand that there were no assignments to C4
and C1, the best and worst category, respectively,
according to the established order. This means
that there is neither an under evaluation of the
reference action that defines C4, nor an overevaluation of the reference action that states C1
(Dias, 2011).
When comparing the model’s recommendation
with the decision that was made at the time, it is
expected that:
 For couple that achieved pregnancy with the
actual transference, the model should assign
them to the same category or, to one with
lower risk of multiple pregnancy;
 For couples that did not achieve pregnancy
with the actual transference, it is expected
that the model assigns them to a category
with more possibilities of pregnancy.
Regarding the model built by the
embryologist’s weights, in six cases (24%) the
model recommended the exact same number and
stage of the embryo transferred. In all these
cases, this couples were assigned to the same
category, by both rules (ascendant, descendant),
which means a strong assignment. Only one of
these cases achieved pregnancy. Therefore, the
other five couples should have been assigned to
a category with more possibilities of pregnancy.
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Ten of the cases (40%) were assigned to a
category greater possibility of pregnancy. Within
this group, in eight cases the same category was
assigned when the joint rules were applied. Action
24 achieved the pregnancy when only one
cleavage stage embryo was transferred.
However, the model recommended the
transference of two cleavages, which seems
unnecessary. The other ones did not achieve
pregnancy with the transference, so it would be
adequate to recommend a category with a higher
possibility of pregnancy, which was the
recommendation done by the model.
Finally, nine cases (36%) were affected to
categories with a lower possibility of pregnancy. In
this group, all the assignments were strong.
Actions 1 and 13 achieved pregnancy with two
cleavage
embryo
transfer.
The
model
recommended, to both actions, the transference
of a blastocyst, which is considered, by the
established order, a category with a lower risk of
multiple pregnancy, when compared to two
embryos transference. The remaining actions of
this last group should have been affected, by the
model, to categories with greater possibilities of
pregnancy, since the transference carried out did
not result in pregnancy. In seven couples of this
group, the model suggested the transference of a
Blastocyst, which was not an option at the time of
the decision, since in this study all the couples had
transferred cleavage stage embryos.
The detailed analysis, when it is considered
the gynaecologist/obstetrician’s weights, shows

that, eleven cases (44%) were assigned to the
same number and stage transferred. Within this
group, nine had a strong assignment. Only two
cases achieved pregnancy with the transference,
so model affected right. For the rest of the group
would be more appropriate the assignment to a
category with a higher possibility of pregnancy.
In nine cases (36%), the recommendations
indicated categories with higher possibilities of
pregnancy. Seven cases of these had a strong
assignment. There was a pregnancy achieved
with a transference in this group which means that
the model did an unnecessary assignment.
The final group has 4 cases (16%) that were
affected to a category with a lower possibility of
pregnancy. Nevertheless, the transference of two
cleavage stage embryo transfer, in action 13
resulted in pregnancy, so the model
recommended a category with a lower risk of
multiple pregnancy, a blastocyst transfer. In the
remaining group, the model should have assigned
to categories with higher possibilities of obtaining
a pregnancy.
Even though, the results, regarding different
weights, had 72% of the couples assigned the
same category.
Changing parameters conducts to different
results.
Changing the credibility level
Changing the parameters will influence the
results. The credibility level corresponds to the
minimum index of credibility that is considered by
the decision-maker, to validate or not the
statement “𝑎 is at least as good as 𝑎’ “.
The aim is to find a 𝜆, called critical credibility
level, 𝜆∗ , which will permit the assignment of
actions to only one category, instead of a range of
categories.
In order, to understand if the 𝜆 established was
a good one, the model was computed with 𝜆 =
0,55 and 𝜆 = 0,65 (data not shown).
The results revealed worse assignment
results, which means, more actions affected to a
range of categories in 𝜆 = 0,55, compared with
the results that were obtained when 𝜆 = 0,6.
When 𝜆 = 0,65 the number of weak
assignments (i.e., actions assigned to a range of
categories) and strong assignments were the
same compared to the ones obtained in 𝜆 = 0,6.

8. Conclusions

ART is a technique which aims to help, mainly,
couples with infertility issues. However, these
treatments have a success rate below 50% and
some adverse consequences, like multiple
pregnancy, that should be avoided. By applying
MCDA in this field, the intent was to try to help
deciding about the number and stages of embryos
transferred, in a way that pregnancy was achieved
but avoiding a multiple pregnancy.
The model that was constructed seems very
clean and useful as well as being very direct and
the criteria’s scales were made by considering the
method for the evaluation of the infertile couples
in a clinic.
According to the results, the strongest
assignments were around 88% of the cases, for
embryologist’s weights and 84% of the cases for
gynaecologist/obstetrician’s weights. This means
that the 𝜆 established for the model was adequate
and, really closes from the critical one, 𝜆∗ .The
assignment results are in Table 8, regarding what
should have been the results of the model.
Overall, 48% of the actions were recommended to
a category that was expected.
Table 8. The assignment results. (1)- Expected results by the
model; (2)-Non-expected results by the model
Embryologist

Gynaecologist/obstetrician
Number of actions

(1)

Number of
actions
12

(2)

13

13

12

These results show that, although the model is
well constructed and coherent, some changes
could have been done to enhance the
assignments.
In the future, some criteria like endometrium
receptivity in a non-ordinal way should be
considered. Likewise, regarding the cleavage
stage embryo’s morphologic evaluations, more
subcriteria should be considered.
In conclusion, the model built was matched
with the reality and although improvements must
be made the project is in the right direction.
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