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ABSTRACT

Background: Various parameters of embryo morphology have been routinely used to select the embryo/s with maximum
implantation potential during in vitro fertilization (IVF). Hence, there is a dilemma in clinical practice as to which morphological
scoring system/test to use. We performed a systemic review to determine the predictive power as well as the clinical and
cost-effectiveness of existing morphological tests of embryo quality described in an IVF setting. Materials and Methods: The
preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines for systematic review were followed.
A mixed-method analysis was performed. Qualitative and quantitative techniques were used to synthesize the final results.
A narrative summary approach was used for initial data exploration and description, followed by the pooling of data, where
appropriate, using Meta-DiSc software. Receiver operating characteristic (ROC) curves were plotted wherever appropriate, and
the area under the curve (AUROC) was determined. Results: Day 3, day 5, and early cleavage (EC) all had similar discriminatory
value for predicting implantation (AUC 0.66, 067, and 0.63 respectively). There was no evidence of improvement in pregnancy
rates due to routinely doing EC. No studies were identified that determined the cost-effectiveness of any of the tests.
Conclusions: All tests have low accuracy. They lack the discriminatory power to identify an embryo that will/will not lead to
implantation. Appropriately designed studies are required to assess the predictive value and the clinical and cost-effectiveness

of novel embryo scoring technologies.
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BACKGROUND

Multiple pregnancies are the single biggest risk of assisted
reproduction. Single embryo transfer (SET) has the potential
to virtually eliminate multiple pregnancies. However, despite
widespread promotion of SET, only 16.8% of the embryo
transfers in the United Kingdom (UK) in 2011 were elective
SETs (http://www.hfea.gov.uk/docs/HFEA Fertility Trends_
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and_Figures 2011 _- Annual_Register Report.pdf). As a result,
multiple pregnancy rates were still over 20%. One of the stated
barriers for SET is our inability to select the optimal embryo for
implantation.! By using standard morphological criteria, it may
not be possible to select the best embryo at the cleavage stage.
Extended culture has been suggested as a preferential method
to select the best embryo. However, this has not eliminated
multiple embryo transfers, and over 25% of the double embryo
transfers (DETs) in the UK in 2011 were at the blastocyst stage. In
addition, concerns have been recently raised about preterm labor
in pregnancies subsequent to blastocyst transfer.”? Moreover, the
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cumulative pregnancy rate per woman, after combined fresh
and subsequent frozen transfers, is lower for blastocyst transfers
compared to transfers at the cleavage stage.P! Ideally, one would
like to be able to determine the embryo with the best implantation
potential by day 3, followed by transfer and freezing, in order
to maximize cumulative pregnancy rates and minimize multiple
pregnancy rates.

Numerous morphological parameters and scoring systems have
been advocated to determine the embryo with implantation
potential, a testament to the fact that there is no single best test.
Theoretically, a combination of multiple scoring methods should
improve a test’s predictive value. However, a considerable
amount of time and money may be spent on doing such tests.
Moreover, there are concerns regarding the repeated handling of
embryos that may be required when performing such tests: This
may adversely affect the incubation and culture process and,
subsequently, the outcome of in vitro fertilization (IVF). Hence,
uncertainty still exists in clinical practice as to which scoring
system to use and how effective these tests are.

We performed a systematic review to determine the predictive
value, clinical effectiveness, and cost-effectiveness of the various
embryo scoring tests based on morphology described in the
literature. The purpose of this exercise was to provide evidence-
based guidance on the predictive properties of individual tests or
combinations of tests, so as to enable IVF practitioners to select
the best embryos for transfer to uterus or freezing, with minimal
disruption.

MATERIALS AND METHODS

The preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines for systematic reviews were
followed.™

Data sources and literature search

The searches were performed in two steps. An initial literature
search was performed (1988-February 2015) on Medline, Excerpta
Medica dataBASE (EMBASE), Cochrane Central Register of Clinical
Trials, Cumulative Index to Nursing and Allied Health Literature
(CINAHL), and Database of Abstracts of Reviews of Effects (DARE)
for published studies (key words: “embryo quality,” “embryo”,
“scoring”, “zygote scoring”, “cleavage scoring”, “early cleavage
scoring”, “cumulative scoring”, “implantation”, “pregnancy”,
“ART”). This initial exercise helped in scoping which tests have
been described in the literature. Once the tests were listed,
the searches were repeated using key words specific for each
test. There were no language restrictions. Relevant journals
in the specialty (Human Reproduction, Human Reproduction
Update, RBM online, and Fertility and Sterility) were also
searched for advance access publications. Cross-references from
the included studies were handsearched. Two review authors
(AP, PT) independently conducted the searches and selected
the studies to be included, while a third author conducted the
searches in advance access publications (BO). Repeat searches
for each test, as identified from the first step, were undertaken by
two authors (AM and AP). Articles were included according to
predetermined criteria. Differences of opinion were resolved after
team discussion. Data were extracted using predesigned tables.
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Care was taken to avoid duplication of data in case of two studies
from the same authors using the same population.

Study selection
The following inclusion and exclusion criteria were applied.

Inclusion criteria

To determine predictive power

All published studies in which the predictive value of any
morphology test of embryo quality was calculated were included
if it was feasible to create a 2 x 2 table from the published data,
i.e., a normal test and an abnormal test were defined, and the
cases with positive and negative tests were compared with a
reference standard. In studies where two tests were compared with
areference standard, data for each test were separately extracted.

To determine clinical and cost-effectiveness
All studies that compared outcomes in two groups (those who
either had or did not have the test) were included.

Exclusion criteria

Studies where blastocyst formation was used as the reference
standard were excluded. We excluded studies evaluating invasive
tests and those reporting on tests of oocyte and sperm quality.
Conference abstracts and animal studies were also excluded.

Definition of reference standards

Implantation rate

This is defined as number of gestation sacs on ultrasound per
embryo transferred.

Clinical pregnancy rate
This is defined as the presence of a fetal heart beat on 7-week
ultrasound per embryo transfer.

Live birth rate
This is defined as live birth per embryo transfer.

As this review addresses the predictive power of embryo grading
systems, a “per transfer” denominator was considered to be
appropriate.

Statistical analysis

To determine predictive power

For each test, data were extracted in 2 x 2 tables. Data were
pooled if there were at least two studies that defined the positive
and negative test in the same way and compared the test with
the same reference standard. When implantation rates acted
as the reference standard, pooling of studies was restricted to
studies with SETs or where per-embryo data could be extracted.
Meta-analysis was attempted wherever appropriate.

The results were organized by entering all data reported on
each test from several studies together. Studies were tested for
heterogeneity, 1? index calculated. Summary receiver operating
characteristic (SROC) curves were produced wherever inverse
correlation was evident, and based on a Spearman correlation
coefficient between sensitivity and specificity of 0.6 or more. The
Moses-Littenberg linear regression model™ was used. The area
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under the curve (AUROC) with standard error (SE) was calculated.
When no SROC could be produced, positive likelihood ratios
(LR+) were calculated and reported. The Meta-DiSc software
was used.l! Subgroup analysis was performed using specific
features of the test.

To determine clinical effectiveness

For each test, data were extracted in 2 x 2 tables, and pooled if
at least two studies had compared the same test. The data was
pooled using Rev Man 5.2 (Review Manager 2012, Cochrane
Collaboration) to calculate the odds ratio (OR), with 95%
confidence interval, of pregnancy. The intervention group received
the embryo scoring test of interest, while the control group did not.

Quality of studies

Quality assessment of the included studies was performed by
three authors (AP, PT, and BO) using the quality assessment of
diagnostic accuracy studies (QUADAS) tool. Any disagreement

regarding the type and quality of the studies was resolved after
discussion.

RESULTS

Literature search

Table 1 lists the parameters and time of morphological assessment
as described in the literature. For all morphology assessments,
searches were simultaneously performed. Out of 56 articles, 28
studies were excluded with reasons; two studies had duplicate data.
Most studies on morphological assessments were not necessarily
designed to determine the predictive value of morphology, as
morphology assessment is routine clinical practice in every
embryology laboratory. However, we were able to extract data
from these articles for prediction of implantation and/or pregnancy.
We felt that it was important to assess the predictive value of
morphological assessments, as this will put the newer tests into
perspective. Morphology was assessed at various stages as follows:

Table 1: Studies assessing the predictive value of zygote scoring

Study Design & Duration  Population

Index test with definition SET Day of QUADAS

ET score
Montag et al., 2001 Prospective study 512 patients Fresh treatments <7 nucleoli polarised vs any other No 2or3ors 11
Nov 1999-Oct 2000 with ET
Chen et al., 2006 Prospective randomized 165 patients with ET A: Nucleoli large or medium in size and No 3 11
study aligned between the two nucleoli
Jun 2002-Jun 2004 B: Nucleoli large or medium without any
particular alignment
C: Nucleoli small or pinpoint without and
alignment
Balaban et al., 2001 Retrospective study, 86 fresh cycles with ET Number of nucleolar precursor bodies No 5 10
unknown time period (NPB) in both pronuclei
Liu et al.,, 2008 Uncertain design 409 fresh cycles with ET 7-1: Equal numbers of nucleoli aligned No 3 11
Jul 2006-Oct 2006 at the pronuclear junction
7-2: Equal numbers and sizes, equally
scattered
7-3: Unequal numbers (difference more
than one) and/or sizes, or ones
with equal numbers of equal sizes
but with one pronucleus at the
pronuclear junction and the other
with scattered nucleoli
7-4< Pronuclei not aligned, of different
sizes or not located in the central
part of the zygote
Brezinova et al, 2009 Retrospective study, 364 tresh cycles with ET Number of small evenly distributed No 3 11
2004-2006 nucleolar precursor bodies (NPB) or
large NPB with polarized distribution
Nicoli et al., 2018 Retrospective clinical 755 fresh cycles with ET 71: Simultaneously juxtaposed and Yes 2 10
analysis centralized PN, nucleoli of large size
Apr 2008-Nov 2010 and orientated, and orientation of polar
bodies in the longitudinal axis of PN
Z2: All other configurations
Ludwig et al., 2006  Case-control study 338 fresh cycles with ET Z1: Equal numbers of nuclear precursor No 2 11
Oct 2002-Sep 2003 matched with 338 controls bodies (NPBs) aligned at the furrow
between the nucleoli
Z2: Equal numbers but not aligned
7.3: Not aligned, not polarised
Z4: Unequally sized and not aligned
Payne et al., 2005 Prospective clinical study, 100 fresh cycles with ET (Scott’s revised Z-score) No 2o0r3 11
Unknown time period *One Z1
*>171
*One Z3,no0 Z1
*>1173
*Else, Z2 or Z4
Fertility Science & Research / Jul-Dec 2014 / Vol 1 | Issue 2 69
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Zygote scoring (pronuclear morphology)

A total of eight studies assessed the prediction of zygote scoring
for embryo quality. Most were retrospective studies. The precise
definitions of the index test varied among the included studies
[Table 1]. Embryo transfers were performed on either day 2,74
day 3, day 5,2 day 2, 3, or 5,1 or day 2 or 3.4

Prediction of implantation

Six studies assessed the impact of zygote scoring systems
on implantation rates.”%"3! Except for one study,”’ DETs
were performed. Data from these studies were pooled. No
heterogeneity (1> = 0%) was detected. The Spearman correlation
coefficient was 0.829, so a SROC curve was constructed [AUROC
0.57 (SE 0.017)].

Prediction of pregnancy

Seven studies assessed the prediction of clinical pregnancy using
a zygote scoring system.”#1¢14 Data from these studies could
be pooled. No heterogeneity (I> = 0%) was detected among the
pooled studies. The Spearman correlation coefficient was 1, so a
SROC curve was constructed (AUROC 0.58 (SE 0.023)) [Figure 1].

No studies that assessed the clinical or cost-effectiveness of
performing zygote scoring were identified. Chen et al.’! compared
zygote scoring to early cleavage (EC) in a prospective randomized
control trial (RCT) and reported no significant differences with
regard to pregnancy rates.

Value in clinical practice

As is evident from Table 1, there is a lack of consensus among
the included studies on the exact method necessary to evaluate
pronuclear morphology. Even though pronuclear scoring is
statistically better than chance in order to predict pregnancy or
implantation, it possesses limited accuracy (based on the low
LR +) and discrimination (based on the low AUROC). Currently,
there is no strong evidence for its routine use in clinical practice.

Day 2 morphology

Six studies were identified where day 2 morphology was
assessed with regard to pregnancy or implantation [Table 2]. In
all studies, embryo transfers were performed on day 2, except
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Figure 1: SROC curve for prediction of clinical pregnancy by zygote
scoring
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for one,!""! where transfers were performed on day 3. The
studies assessed morphology mainly by means of blastomere
numbers, fragmentation, or multinucleation. Sjoblom et al.l'®
assessed morphology by an elaborate weighted score, which also
examined other features, such as the zona pellucida thickness and
the appearance of the cell cytoplasm, membrane, and perivitelline
space. Holte et al.'"”! included symmetry of cleavage in their
scoring criteria. The cutoff values for blastomere cell numbers,
fragmentation, and multinucleation differed between studies.

Prediction of implantation

Three studies reported data on prediction of implantation.!'>”!
Significant heterogeneity was detected (I> = 91.5%), and the
reported LR+ was 1.56 (95% CI 1.13-2.14). No SROC curve was
constructed (Spearman correlation coefficient 0.5).

Prediction of pregnancy

Four studies reported on prediction of pregnancy.l'®2% Significant
statistical heterogeneity (1> = 83.7%) was detected. A SROC curve
could be generated (Spearman correlation coefficient 0.8), and
the AUROC was 0.61 (SE 0.05).

Prediction of live birth

Three studies reported on live birth.['82% Significant statistical
heterogeneity (1> = 77.2%) was detected. A SROC curve could be
generated (Spearman correlation coefficient 1), and the AUROC
was 0.66 (SE 0.08).

No studies that assessed the clinical effectiveness or
cost-effectiveness of performing day 2 embryo morphology
scoring were identified.

Value in clinical practice

Although there are no separate studies on clinical effectiveness,
day 2 morphology assessment prior to embryo transfer is
routine practice. However, performing day 2 morphology
scoring as an extra test to select embryos for day 3 and beyond
is not backed by current evidence as it possesses limited
accuracy (based on the low LR+) and discrimination (based
on the low AUROC).

Day 3 morphology

Data on the predictive power of day 3 morphology could
be obtained from seven studies [Table 3]. Day 3 assessment
was based on the number of blastomeres and the degree of
fragmentation in all studies but one.?"! As with day 2 morphology,
cutoff points varied among studies. In one study,?? terminology
of a good, fair and a poor embryo was used to describe embryo
quality. However, various clinics used their own criteria to classify
embryos into the three grades mentioned above. Embryo transfers
were performed on day 3.

Prediction of implantation

Data could be extracted from five studies for prediction
of implantation.['>21:23-251 There was significant statistical
heterogeneity (1> = 79%). The SROC was plotted (Spearman
correlation coefficient 0.9) and the AUROC was 0.66 (SE
0.05).

Fertility Science & Research / Jul-Dec 2014 / Vol 1 | Issue 2



Papathanasiou, et al.: Morphology and embryo quality

Table 2: Studies assessing the predictive value of day 2 morphology

Study Design & Population Index test with definition SET Day of QUADAS
Duration ET score
Pelinck et al, Retrospective 449 modified Blastomere cell number on Day 2 Yes 3 10
2010 cohort study natural cycles with Fragmentation rate: Group 1: <10%, Group 2: >10%
Jan 2001-Aug 2006 ET Cleavage rate (number of blastomeres on Day 3 divided by
number of blastomeres on Day 2)
Holte et al,  Retrospective 2266 fresh IVF Integrated morphology cleavage (IMC) embryo score No 2 8
2007 record analysis cycles & 928 ICSI *Number of blastomeres
1999-2001 cycles with ET *Degree of fragmentation (0: no fragmentation, 1: <10%,
2: 10-25%, 8: 25-50%, 4« >50%)
*Variation in blastomere sizes (0: uniform, 1: <50%
variation, 2: >50% variation)
*Symmetry of cleavage (0: full symmetry, 1: some
asymmetry, 2: pronounced asymmetry)
*Presence of single nucleus within the blastomere (ratio of
mononucleated blastomeres/total blastomeres) (0: 0-0.25,
1: 0.25-0.5, 2: 0.5-0.75, 3: >0.75) Give-1 for at least one
multinucleated blastomere
Sjoblom Retrospective audit 268 couples Day 2 weighted scoring-42 hours after insemination. No 2 9
et al., 2006 of data 357 fresh cycles Combined score was generated (maximum 50) based
Jan 2001-Dec 2001  with ET on appearance of zona pellucida thickness, cytoplasm,
membrane, cell size, cell shape, perivitelline space,
fragmentation and development rate
Lewin etal,  Retrospective 197 patients Blastomere cell number on Day 2 No 2 10
1994 analysis undergoing frech
treatment with ET
Jackson Retrospective 483 IVF-ET Multinucleation No 2 10
et al., 1998 review cycles Group 1: No multinucleated embryos
Jan 1991-Jul 1996 Group 2: >50% transferred multinucleated embryos
Group 3: At least one multinucleated embryo produced, but
no multinucleated embryos were transferred
Visser et al,  Uknown design, 602 fresh cycles Day 2 morphology No 2 10
1993 unknown time with ET Cumulative Embryo Score (CES): multiply number of
period blastomeres of each embryo with its morphological grading
and add the score of all transferred embryos
Morphological grading:
Grade 4: >2 cells with equal blastomeres, smooth
membranes, translucent cytoplasm and no fragments
Grade 3: similar to grade 4 but one morphological
characteristic not ideal or <3 blastomeres
Grade 2: moderate fragmentation and/or more than one
characteristic less than ideal
Grade 1: extensive fragmentation or aberrations in most
morphological characteristics
Prediction of pregnancy
Data could be extracted from three studies for prediction Sonsitivie SRoc curve ,
of clinical pregnancy.l'>232¢] There was significant statistical //”j/f’(/ Symmetrc SROC
heterogeneity among studies (1> = 90.3%). An SROC was plotted 7 /// /./ géﬂig§£:3%ss4
(Spearman correlation coefficient 0.8) and the AUROC was 0.68 08+ 7 - // SEan=ocers
(SE 0.08) [Figure 2]. / e
/S
/ <
Prediction of live birth / / yd
Two studies reported on live birth.[?22¢ Significant statistical %7 / / /
heterogeneity (1> = 92.7%) was detected. The LR+ was 1.29 0l | 4 o
(95% C10.87-1.92). [/
03+ / S
| /
No studies that assessed the clinical effectiveness or cost- °‘2// y
effectiveness of performing day 3 embryo morphology scoring o1,
were identified. N
0.2 04 06 08 1
1-specificity
Value in clinical practice

Although there are no separate studies on clinical effectiveness,
day 3 morphology assessment prior to embryo transfer is routine
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Table 3: Studies assessing the predictive value of day 3 morphology

Study Design & Population Index test with definition SET Day of QUADAS
Duration ET score
Qian et al, Prospective 117 fresh IVF or ICSI Cumulative embryo score system (CES): Score 0-4 No 3 9
2008 randomized study cycles (study group) 4: at least 5 cells, equal blastomeres, no fragmentation
420 fresh IVF or ICSI 3: at least 5 cells, equal blastomeres, <30%
cycles (control group) fragmentation
Jun 2003-Apr 2004 2: at least 5 cells, distinctly unequal blastomeres,no
fragmentation
1: at least 5 cells, equal or unequal blastomeres,
30-50% fragmentation
0: less than 5 cells or >50% fragmentation
Multiply the blastomere number with CES
Sajko et al., Retrospective 115 consecutive Fragmentation: Grade 1: <20%, Grade 2: 20-50%, Yes 3 10
2010 analysis unstimulated cycles (73 Grade 8: >50%
IVF and 42 ICSI) with ET  Blastomere cell number: Group 1: 6 or more, Group 2:
less than 6
Blastomere cleavage dynamics : Group 1: number of
blastomeres increased by 2 or more from Day 2 to Day
3; Group 2: any other change.
Good quality embryo: Belonging to group 1 and grade
1 depending on the combined grouping
Fisch et al, Prospective 106 patients undergoing Grade A: 7 or more cells with <20% fragmentation No 3orb 11
2003 cohort analysis fresh cycles
Pelinck et al,  Retrospective 449 modified natural cycles Blastomere cell number on Day 3 Yes 3 10
2010 cohort study with ET Fragmentation rate: Group 1: <10%, Group 2: >10%
Jan 2001-Aug Cleavage rate (number of blastomeres on Day 3
2006 divided by number of blastomeres on Day 2)
Van Royen Retrospective 745 fresh IVF or ICSI Fragmentation; <10%, 10-20%, >20% No 3 9
et al., 2001 analysis cycles with ET
May 1997-Nov
1999
Check et al, Retrospective 129 IVF-ET cycles Day 3 morphology Yes 3 9
2007 cohort analysis, *Blastomere cell number
Jan 1997-Nov *Fragmentation
2005 A: none
B: 1-25%
C: >25%
Vernon et al., Retrospective 3719 fresh cycles Embryo quality was labelled as good, fair and poor, no 2,8,5 11

2011

analysis of
the data from
multiple clinics

depending on individual unit's criteria

practice in all embryology laboratories. As a test it possesses
limited accuracy (based on the low LR+) and discrimination
(based on the low AUROC).

Day 5 morphology

Three studies?”?! were identified where the predictive value of
blastocyst grading on implantation rates was assessed [Table 4].
Blastocyst grading was performed using similar parameters. Two
studies were retrospective and one was prospective. All embryo
transfers were performed on day 5 or day 6. SETs were exclusively
done in one study.?” All studies assessed the same parameters to
estimate blastocyst quality: Blastocyst expansion, inner cell mass
appearance, and trophectoderm appearance.

Prediction of implantation

There was significant statistical heterogeneity among the studies
(1> = 98.6%). A SROC was plotted (Spearman correlation
coefficient 1), and AUROC was 0.67 (SE 0.028) [Figure 3].
The pooled LR+ was 1.30 (0.76-2.24). There was significant
heterogeneity among the studies (98.6%).

72

Prediction of clinical pregnancy

Data for prediction of clinical pregnancy could only be extracted
from one study.?® Data from this study showed a clinical
pregnancy rate of 52.5% when the blastocyst or early blastocyst
was transferred (considered as an embryo with implantation
potential).

Prediction of live birth

Only one study?”! assessed live birth rates in association
with blastocyst morphological grading. They found that the
appearance of the trophectoderm correlates strongly with live
birth rate.

No studies have separately assessed the clinical and cost-
effectiveness of this test.

Value in clinical practice

Day 5 morphology assessment is performed routinely prior to
embryo transfer at day 5. As a test it possesses limited accuracy
(based on the low LR+) and discrimination (based on the low
AUROC).
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Table 4: Studies assessing the predictive value of day 5 morphology

Study Design & Duration Population Index test with definition SET Day of QUADAS
ET score

Rehman et al,  Retrospective observational 1292 ICSI and  Blastocyst Quality Score (BQS)= degree of expansion No 50r6 10
2006 study 842 IVF cycles  (1-6) + ICM (A=3, B=2, C=1)+ TE (A=3, B=2, C=1)

Apr 1998 — Nov 2004
Rijnders PM  Prospective study 48 fresh cycles  Blastocyst grading No 5 10
etal, 1998 May 1995-Dec 1995 E/EB Blastocyst or/and expanded blastocyst

M/C Morula or/and compaction

Hill et al,, 2013 Retrospective cohort study 694 fresh Blastocyst expansion: Yes 5 11

2010 cycles *Morula

*Early blastocyst (blastocele <50% of blastocyst)
*Expanded blastocyst (blastocele >50% of blastocyst)
*Hatched blastocyst
Inner cell mass (ICM) score:
A: Numerous tightly packed cells
B: Several and loosely packed cells
C: Very few cells
Trophoectoderm (TE) score:
A: Many cells organized in the epithelium
B: Several cells organized in loose epithelium
C: Few large cells

Sensitivity SROC Curve
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Figure 3: SROC curve for prediction of pregnancy by day 5 assessment

Cumulative embryo score

Six studies!'*16.23:2530311 described the predictive value of
performing cumulative embryo scoring (CES) [Table 5]. In only
one study, the transfers were SETs.B% Embryo transfers were
performed on day 2, day 3, day 4, or day 5. A combination of
zygote scoring, EC scoring, and day 2 and/or day 3 scoring was
used. The exact methodology for calculating CES scores in each
study is described [Table 5]. Qian et al. (2008) compared two
systems of cumulative scoring. A different scoring system was
developed by each study, with different weighting given to various
components. Hence, pooling of data was not deemed appropriate.

No studies have addressed the clinical effectiveness or cost-
effectiveness of performing CES. It is, therefore, not possible to
determine its value in routine clinical practice.

Embryo development rate

Two studies!'™?¥ assessed the predictive value of embryo
development rate assessment on implantation [Table 6]. In both
studies, patients were treated in a natural cycle and day 3 SET

Fertility Science & Research / Jul-Dec 2014 / Vol 1 | Issue 2

was performed. However, they used entirely different criteria for
identifying a good quality embryo. Hence, pooling of data was
not deemed appropriate. However, data for individual study are
provided in Table 6.

There are no relevant studies on clinical or cost-effectiveness.
Currently, there is no clear evidence to justify the routine use of
CES in clinical practice.

EC

Shoukir et al.B% were first to demonstrate that human embryos that
had undergone their first cleavage cycle by 25 h post insemination
achieved higher pregnancy rates during IVF. It is not clear why
the time to first cell division varies among embryos; it could be
related to the culture conditions as well as intrinsic factors of
the oocyte and sperm, maturity issues, genetic competence, and
metabolic activity. It has been suggested that metabolically fit
embryos cleave earlier due to the availability of energy molecules,
such as adenosine triphosphate (ATP), and their highly active
mitochondria.l??

Literature search

Using the search terms “early cleavage”; “IVF” or “ICSI” or
“Assisted Conception”, and “embryo”, 195 articles were
identified, of which 65 abstracts were considered relevant. Full
texts were obtained and, subsequently, 27 appropriate articles
were identified. Twenty articles were included and seven articles
were excluded. The full text article of one article could not be
accessed, and it was not included. Three more studies were
found by cross-searching, and 22 articles were thus included in
total [Table 7].113251

The characteristics of the included studies are detailed in Table 8.
All were observational studies. Recruitment was consecutive
in some studies. Blinding was not used in any of these studies.
The presence of EC was defined as first cleavage by 25-27 h post
insemination by most but not all. Some authors considered the
presence of two cells, blastomeres, as EC, whereas others included
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Table 5: Studies assessing the predictive value of cumulative embryo scoring

Study Design &  Population Index test with definition SET Day of QUADAS
Duration ET score
Qian et al, Prospective 117 fresh Cumulative embryo score system (CES) No 3 9
2008 randomized  IVF or ICSI  CSS: Add Zygote score (at 16-18h post insemination) + early cleavage
study cycles (study (25-27 hours) + embryo morphology (64-67 hours)
group) *Give 20 for Z-1 Zygote (equal number of nucleoli at the pronuclear
420 fresh Jjunction)
IVF or *Give 10 for Z-2 Zygote (equal numbers and sizes of nucleoli, equally
ICSI cycles  scattered)
(control *Give 20 for regular and symmetrical cleavage, 30 for no fragmentation,
group) 25 for <20% and 0 for >20%
Jun 2008- *Give 30 for 7c1, 8cl, 9c1, 8¢2, compacting 1 and 15 for 7¢2, 9¢2, 10c3,
Apr 2004 11¢8 (c1: symmetrical blastomeres with no fragmentation, c2: slightly

uneven blastomeres with <20% fragmentation, c3: uneven blastomeres
with >20% fragmentation)

Lan et al,, 2003 Retrospective fresh IV or  Top-quality embryo is: Originates from Z1 zygote (equal number Yes and 3 or 4 12
analysis ICSI cycles  of nucleoli aligned at the pronuclear junction) and has 8 cells, equal No orb
Jan 2001- blastomeres and no cytoplasmic fragments
May 2002
Fisch et al, Prospective 106 Graduated embryo scoring (GES) : = Add Zygote score (at 16-18h post No 3orb 11
2003 cohort insemination) + early cleavage (25-27 hours) + embryo morphology
analysis (64-67 hours)

*Give 20 for nucleoli aligned along pronuclear axis

*Give 30 for regular and symmetrical cleavage, 30 for no fragmentation,
25 tor <20% and 0 for >20%

*Give 20 for 7cl, 8c1, 9c1, 8c¢2 and 10 for 7¢2, 9¢2, 10cl, 11cl,
compacting 1 (c1: symmetrical blastomeres with no fragmentation,

c2: slightly uneven blastomeres with <20% fragmentation, ¢3: uneven
blastomeres with >20% fragmentation)

Meseguer Retrospective 247 fresh Grade 1: No 3 11
et al, 2011 analysis 1CSI own- 2PN embryo has 2 cells at 27h, 4 cells at Day 2 and 8 cells at Day 3
Sep 2009-Sep eggs and Grade 2:
2010 oocyte 2PN embryo has 1-2 cells at 27h, 3-4 cells at Day 2 and 6-8 cells at Day
donation 3 (only one mismatch is allowed)
cycles Grade 3:

2PN embryo has 1-2 cells at 27h, 2-4 cells at Day 2 and 6-8 cells at Day
3 (may have asymetric blastomeres, and multinucleation in up to one
blastomere, fragmentation <20%)

Grade 4«

1-2 PN embryo has 1-2 cells at 27h, 2-6 cells at Day 2 and 4 to more
than 8 cells or morula at Day 3 (asymetric blastomeres and
Multinucleation allowed, fragmentation <50%)

Grade 5:
Any other
Payne et al, Prospective 46 IVF and  Pronuclear morphology (Scott’s revised Z-score) No 2or 3 11
2005 clinical study, 54 ICSI Groups:
Unknown cycles *One Z1
time period *>171
*One Z3, no Z1
*>173

*Else, Z2 or Z4
Day 2 and Day 8 morphology grading (included uniformity of
blastomeres, percentage of fragmentation, rate of cleavage and
blastomere multinucleation, no details given):
good embryo
Two or more good embryos
One best embryo
Two best embryos
3 best embryos

Sjoblom et al,  Retrospective 268 couples, Day 2 weighted scoring-42 hours after insemination. YES 2 9
2006 audit of data 857 fresh Combined score was generated (maximum 50) based on appearance of
cycles zona pellucida thickness, cytoplasm, membrane, cell size, cell shape,

perivitelline space, fragmentation and development rate

For embryo selectionsum of the scores from all individuals
characteristics DO+D1+D2, making a corrected day 2 score-for ICSI
(maximum-20) for IVF(D1+D2 score-maximum of 16)

74 Fertility Science & Research / Jul-Dec 2014 / Vol 1 | Issue 2



Papathanasiou, et al.: Morphology and embryo quality

Table 6: Studies assessing the predictive value of assessing embryo development rate

Study Index test with definition

Sensitivity  Specificity LR+ LR- QUADAS scoring

Sajko et al., 2010+
Retrospective analysis
N=115 cycles

Good quality embryo:

combined grouping as follows
Day 3 embryo morphology
Fragmentation:
Grade 1: <20%
Grade 2: 20-50%
Grade 3: >50%
Blastomere cleavage dynamics

0.91 0.2% 1.20 0.34 10

Belonging to group 1 and grade 1 depending on the

Group 1: number of blastomeres increased by 2 or

more from Day 2 to Day 3
Group 2: any other change
Pelinck et al., 20107

Retrospective cohort study
N=449 cycles

by number of blastomeres on Day 2)

Cleavage rate (number of blastomeres on Day 3 divided 0.68 0.48 1.3 0.64 10

Table 7: Studies assessing the predictive value of early cleavage

Study Time of EC Type of Assessment Definition SET  Difference Outcome QUADAS
insemination of of EC in two scoring
Symmetry groups
of EC

Giorgetti et al., 2007-" 26 hours IVF & ICSI Yes 2cell Yes No Ongoing pregnancy 12
Shoukir et al., 19975 25 hours IVF No 2 cell No No Clinical pregnancy 10
Sakkas et al., 199851 27 hours ICSI No 2 cell No Not known  Clinical pregnancy 12
Bos-Mikich et al,, 20015 25-29 hours IVF & ICSI No 2 cell No Clinical pregnancy 10
Lundin et al., 20015 25-27 hours IVF & ICSI No 2 cell No Clinical pregnancy

1 cell
Fenwick et al., 200257 24.5-25.5 hours IVF No 2 cell No No Clinical pregnancy 10
Salumets et al., 20035 25-27 hours IVF & ICSI Yes 2 cell Yes No Clinical pregnancy 11
Van Montfoort et al., 200452 25-28 hour IVF No 2 cell Yes No Ongoing pregnancy 11

23-26 hours ICSI

Van Montfoort et al., 20042 23-26 hour IVF and ICSI ~ No 2 cell No* No Ongoing pregnancy 11
Emiliani et al., 200657 25 IVF & ICSI No 2 cell Yes Yes Clinical pregnancy 12
Yang et al., 2009 25-27 IVF & ICSI No 2 cell No Not known  Ongoing pregnancy 10
Tsai et al., 2002C+1 24-26 IVF & ICSI No 2cell No Not Known 10
Lee et al., 20125 25-27 hours IVF & ICSI No 2 cell No* Not known  Clinical pregnancy 8
Hammound et al., 20082 25 hours IVF & ICSI No 2 cell No* No Clinical pregnancy 10

O pn
Sakkas et al., 200151 25-27 hours IVF & ICSI No 2cell No No Clinical Pregnancy 10
Hesters et al., 20085 25-27 hours IVF Yes Even 2 cell No No Clinical pregnancy 11

25-26 hours ICSI

Lundi et al., 200157 25-27 hours IVF & ICSI No 1 cell No Yes Pregnancy 10

2 cell
Fu et al., 2009-*™ 25-27 hours IVF & ICSI No 2 cell No Yes Ongoing Pregnancy 10
Ciray et al., 2006 26 hours ICSI Yes Even 2cell  No Yes Pregnancy 10
Fancsovitis et al., 200552 22-25 hours IVF & ICSI No 2 cell No No Clinical pregnancy 10
Ciray et al., 20045 25-27 hour ICSI Yes 2 cell No No Clinical pregnancy 10
Brezinova et al., 2009 23-27 hour IVF & ICSI No 2 cells, 0 cell No* No Clinical pregnancy 10
Isiklar et al., 20025 27 hours ICSI No 2 cells No No Clinical pregnancy 11

*only early cleaved embryos were transferred even if there was DET

any type of cleavage, such as the presence of one cell or the absence
of two pronuclei. Some authors only evaluated the number of cells,
while others also explored the symmetry of cell division [Table 7].

In eight studies, only EC embryos were transferred in the study
group, while at least one EC embryo transfer was included in the
study group in the remaining studies. The non-EC groups only
included transfers embryos with late cleavage. The time interval
from IVF or intracytoplasmic sperm injection (ICSI) to assessment
for EC was the same for all studies except for one.B"!

Lundin et al.B®*¥ included only one cycle per woman. Yang
et al.*"Twere the only ones that explored subgroups of agonist
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and antagonist treatment cycles. They found no difference
in their antagonist treatment cycles. There was variation
among the included studies in the stimulation regimens used,
the starting dose of gonadotropins, and the media used for
culture.

Van Montfoort et al.®? has three entries in the table, as they
provided data separately for IVF and ICSI, and also for DET, where
both embryos either had EC or no EC.

Prediction of implantation
In six studies, only SET was performed, and these were used to
assess the test’s predictive value for implantation. The Spearman
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correlation coefficient was considered satisfactory (0.89) for
plotting a SROC curve. The AUROC was 0.63 (SE 0.02). There
was significant statistical heterogeneity among the studies
(I? = 88.5%).

Prediction of pregnancy

As all included studies made use of similar methodology to
assess EC, they were appropriate for data pooling in order to
determine the test’s predictive value for pregnancy. The Spearman
correlation coefficient was considered satisfactory (0.66) for
plotting a SROC curve. The AUROC was 0.62 (SEM 0.02)
[Figure 4]. There was significant statistical heterogeneity among
the studies (1> = 85.7%).

Subgroup analysis after excluding studies that transferred both
EC and non-EC embryos did not alter the results.

Clinical effectiveness

Four studies determined the clinical effectiveness of
performing EC assessment [Table 9]. Their characteristics
are summarised in Table 9. Two out of four studies secured
prospective recruitment and random allocation for the two
groups. In all four studies, baseline characteristics in both
groups were similar. Pooling of data revealed no statistically
significant heterogeneity. No statistical difference in the odds

of achieving pregnancy was achieved, when comparing EC
assessment with no EC assessment (OR 1.29 95% C1 0.98-1.70)
[Figure 5].

No studies have been identified that have evaluated the
cost-effectiveness of this test.

Sensitivity SROC Curve
1

Symmetric SROC
AUC =0.6181
SE(AUC) =0.0217

Q' =0.5892
SE(Q") =0.0166

0.9 +

0.8

Bz -

0.6

0.5

0.4

0.3+

024

0.1

02 04 06 08 1
1-specificity

Figure 4: SROC curve for prediction of pregnancy in the presence of
early cleavage

Table 8: Summary data for prediction of pregnancy and implantation

Summary prediction of implantation

Embryo scoring test Pooled sensitivity Pooled Specificity Pooled LR+ Pooled LR- SROC (95% CI)
(95% CI) (95% CI) (95% CI) (95% CI)

Zygote scoring 0.52 (0.48-0.57) 0.61 (0.59-0.63) 1.21 (1.12-1.31) 0.85 (0.78-0.93) 0.57 (0.54-0.60)

Day 2 morphology 0.72 (o 68-0.76) 0.59 (0.57-0.61) 1.56 (1.13-2.14) 0.56 (0.39-0.80)

Day 3 morphology 0.91 (0.88-0.93) 0.20 (0.18-0.22) 1.10 (1.03-1.18) 0.4:5 (0.23-0.87) 0.66 (0.56-0.76)

Day 5 morphology 0.89 (0.86-0.91) 0.35 (0.31-0.38) 1.80 (0.76-2.24) 0.46 (0.27-0.78) 0.67 (0.61-0.73)

Early cleavage 0.70 (0.66-0.73) 0.34(0.31-0.37) 1.4 (1.05-1.89) 0.69 (0.51-0.92) 0.63 (0.59-0.67)

Summary prediction of clinical pregnancy

Embryo scoring test Pooled sensitivity Pooled Specificity Pooled LR+ Pooled LR- SROC (95% CI)
(95% CI) (95% CI) (95% CI) (95% CI)

Zygote scoring 0.50 (0.46-0.54) 0.70 (0.68-0.72) 1.26 (1.14-1.40) 0.86 (0.77-0.97) 0.58 (0.53-0.63)

Day 2 morphology 0.51 (0.45-0.57) 0.64(0.61-0.67) 1.42 (1.08-1.86) 0.79 (0.66-0.95) 0.61 (0.51-0.71)

Day 8 morphology 0.82 (0.76-0.87) 1.29 (1.00-1.66) 1.29 (1.00-1.66) 0.41 (0.16-1.10) 0.68 (0.51-0.85)

Early cleavage 0.58 (0.56-0.60) 0.52 (0.50-0.54) 1.41 (1.23-1.61) 0.74(0.66-0.83) 0.61 (0.57-0.65)

Table 9: Studies evaluating clinical effectiveness of doing early cleavage

Study Type of study  Population Sample size How the groups SET Outcome Difference in
were divided measure two groups
Assessed group in baseline
characteristics
Giorgetti Prospective Day 2 ET N=193 & 84 cycles Weekday/ Weekend Yes  Ongoing No
et al., 2007  Jan 2003-March Both IVF & ICSI No power calculation pregnancy
2006 No inclusion/exclusion
criteria specified
Emiliani Prospective All couples with at least  N=93 and 94 patients Random number table ~ Yes  Clinical No
et al, 2006 randomized 2 embryo fertilized and ~ No power calculation pregnancy
had SET
Sakkas et al., Prospective Day 2-3 ET N=77 & 90 cycles Alternate week No  Clinical No
2001 18 weeks (starting  Both IVF & ICSI No power calculation Pregnancy
from April 2000) No inclusion/exclusion
criteria specified
Ciray et al, Prospective All patients undergoing ~ N=138 and 153 patients Random number table No  Clinical No
2004 ICSI over 8 months period No power calculation pregnancy
76 Fertility Science & Research / Jul-Dec 2014 / Vol 1 | Issue 2
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EC nent No EC it Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ciray 2004 78 138 78 153  35.7% 1.25[0.79, 1.98]
Emiliani 2006 26 94 24 98 18.9% 1.18[0.62, 2.25]
Giorgetti 2007 78 193 33 84 30.4% 1.05[0.62, 1.77]
Sakkas 2001 43 90 24 77 15.0% 2.02[1.07, 3.81] "
Total (95% CI) 515 412 100.0% 1.29 [0.98, 1.70]
Total events 225 159
Heterogeneity: Chi* = 2.61, df = 3 (P = 0.46); I’ = 0% : : r : :
0.01 0.1 1 10 100
Test for overall effect: Z = 1.82 (P = 0.07) No EC nent  EC nent

Figure 5: Impact of assessment of early cleavage on pregnancy rates

Value in clinical practice

As a test, EC assessment possesses limited accuracy (based on
the low LR +) and discrimination (based on the low AUROC). In
addition, the clinical effectiveness studies suggest that it is not an
effective test. Based on the available evidence, routine assessment
for EC is not recommended as a routine test in IVF practice.

According to the Alpha/European Society of Human Reproduction
and Embryology (ESHRE) consensus,? checking for EC should be
performed 25-27 h post ICSI and 27-29 h post IVF. The included
studies have used a fixed time frame for assessing for EC regardless
of the fertilization technique used (IVF or ICSI). Moreover, in
all studies except one, assessment was performed no later than
27 h, which is not appropriate after IVF treatment. There was
also variation in the definition of EC within the included studies,
ranging 0-2 cells. The latest ESHRE consensus has agreed that the
presence of 2 cells is required.

DISCUSSION

Main findings

Numerous tests for assessing embryo quality have been
described in the literature. Our review has shown that none of
the morphological assessments described have a high accuracy
to identify the embryos that have good implantation potential.
At no point was morphology discriminatory to exclude embryos
from transfer or freezing. The predictive capacity for implantation
and pregnancy are similar for day 3 and day 5 morphology
assessments (AUROC of 0.66 and 0.67 for implantation, and
0.68 and 0.67 for pregnancy, respectively). There is currently no
evidence of improvement in clinical pregnancy rates by routinely
performing EC assessment during assisted conception treatment.

Strengths

This is the first systematic review of morphological assessment
of embryo quality-predicting outcomes during IVF. Two-step
searches have been performed to ensure that all tests described
in the literature are included. We not only attempted to determine
the predictive value of these tests but also explored clinical
effectiveness and cost-effectiveness, as these aspects pertain to
the application of any test in clinical practice.

Weaknesses

This systematic review is based on observational data. Individual
methodological differences, variation in design, inclusion or
exclusion criteria as well as differences in the definition of the
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index tests and reference standards are inherent in systematic
reviews of observational studies. In addition, there were a number
of limitations.

Exclusion of studies

A number of studies were excluded as they had used development
to blastocyst as the reference standard. Although it is assumed
that the embryos that reach the blastocyst stage have proved their
potential, it is an accepted fact that not all blastocysts implant.
Moreover, a meta-analysis of RCTs showed that the cumulative
pregnancy rate, after fresh and subsequent frozen embryo
transfers, is higher if the transfer takes place on day 3, indicating
that those who do not proceed to the blastocyst stage may indeed
have embryos with implantation potential.l®! For this reason,
we did not consider blastocyst development as an appropriate
reference standard for this review.

An ideal study for a predictive test and its comparison to
currently available studies

An ideal study testing a predictor of implantation/pregnancy
should have a well-defined population, prospective and
consecutive recruitment, blinding of those involved in assessing
the test results and outcomes, adequate test description,
predetermined normal and abnormal test values, and comparison
with a gold standard such as live birth. An ideal study to determine
the predictive power of any test of embryo quality in this case
would have predetermined definitions of a good embryo and
an inferior embryo. The ideal outcome should be live birth rate,
but implantation and pregnancy rate would also be appropriate.
Women should not have a combination of good and lower-
quality embryos transferred at the same time. However, within
this review, most of the available studies were retrospective,
without consecutive involvement. In a significant proportion of
them, embryos of varying quality, as determined by the index
test, were transferred.

An ideal test and its comparison to currently available
morphological assessment as test of embryo quality

An ideal test should be valid both internally and externally,
reliable, replicable, discriminatory, cheap, easily available,
simple to perform, and noninvasive. In addition, there should
be a clear definition of what a normal or an abnormal test is.
For any predictive test, it is important to consider what exactly
is being predicted. In the present context, it would be either
implantation rate or pregnancy or live birth. Assuming that a
positive test result indicates a favorable prognosis, sensitivity
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reflects the ability of the test to identify all embryos that will
result in implantation; specificity reflects its ability to exclude
embryos that are not likely to implant; positive predictive value
represents the probability of implantation when the index test is
positive; and negative predictive value represents the probability
of embryos not implanting if the index test is negative. The LR
of a positive test quantifies how much more likely it is that a
positive test will be found in an embryo that will implant than
in an embryo that will not; the LR of a negative test indicates
how much more likely it is that a negative test will be found in
an embryo that will not implant than in an embryo that will. It
is generally accepted that an LR+ of >10 represents a highly
accurate test, an LR+ of 5-10 reflects a moderately accurate test,
an LR+ of 2-5 indicates weak accuracy, an LR+ of 1-2 very
weak accuracy, and a LR+ of 1 indicates no value in terms of
predictive accuracy.®¥ The LR ratios of the reviewed tests were
all low (range 0-2), indicating that these tests perform poorly in
terms of prediction of implantation or pregnancy. The AUROC
represents the ability of a test to discriminate between a positive
and a negative outcome. By definition, an AUROC of 0.5 is
consistent with a test that completely lacks discrimination: No
better than tossing a coin. None of the reviewed embryo scoring
tests performed well in terms of discrimination, as shown by
their respective AUROC:, all of which are less than 0.7 [Table 8].

Cost-effectiveness of embryo assessment

Although the cost-effectiveness of performing any embryo
assessment was not addressed by the studies mentioned above,
there may well be implications in terms of staff time. For example,
when assessing for EC, laboratory time schedules are likely to be
affected if this stage of examination is introduced into everyday
practice. Oocyte collections are usually planned during morning
hours, with insemination being performed in the afternoon.
According to the ESHRE consensus,? the ideal time to determine
EC would then be during the evening hours of the day, which may
have implications for staff time and subsequent costs incurred.
Assessment for EC should lead to significant improvement in
pregnancy rates in order to justify the extra effort.

When considering the benefits of a test that involves additional
examinations, alongside the standard visual assessments of the
developing embryos it is recommended that the temporary
interruption inflicted on the culture ecosystem is considered and
that the detriment this may have toward the treatment outcome
is taken into account.

Implication for clinical practice

Based on current available evidence, there is no justification
for using extra morphological assessments that involve taking
embryos out of incubators and interfere with the embryo culture
system. The need for a test of embryo quality has been recently
questioned as, with improved freezing, one could perform a
fresh transfer and freeze the rest for subsequent transfers.> With
successful freezing techniques, the only significant drawback of
such an approach would be the potential time delay to achieve
pregnancy.

Implication for future research
Like other health interventions, a new diagnostic test is
ideally required to pass through various stages of critical
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assessments. It should be deemed biologically plausible. It
is also necessary for the test to be clearly defined, including
what constitutes a normal and an abnormal test. Appropriate
reference standards should be used in the analysis of the test’s
sensitivity, specificity, and LRs. The clinical effectiveness
and also cost-effectiveness should be demonstrated by high-
quality prospective RCTs. Based on these criteria, clinical trial
evidence is lacking for many tests of embryo quality. One
good example is the time lapse systems, which have already
been advocated in clinical practice without proven clinical
or cost-effectiveness by appropriate studies. In a parallel
example, preimplantation genetic screening had been shown
to be of value by retrospective studies. However, when put
to the test by an RCT, its usefulness was dismissed — in fact,
this was found to be detrimental.®® Therefore, further research
in the form of appropriately designed RCTs is required before
introducing such novel modalities into routine clinical practice.

CONCLUSIONS

A large number of morphological assessments of embryo quality
have been described in the literature: Evidence that no ideal
test exists. The accuracy of all these tests is low. Our review
has also shown that none of these tests or combinations of tests
has sufficient discriminatory power to exclude an embryo from
embryo transfer. Newer techniques need to be further explored
prior to their introduction in routine clinical practice.
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