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Abstract

Purpose Culturing embryos in groups is a common prac-
tice in mammalian embryology. Since the introduction of
different microwell dishes, it is possible to identify oocytes
or embryos individually. As embryo density (embryo-to-
volume ratio) may affect the development and viability of
the embryos, the purpose of this study was to assess the
effect of different embryo densities on embryo quality.
Methods Data of 1337 embryos from 228 in vitro fertil-
ization treatment cycles were retrospectively analyzed.
Embryos were cultured in a 25 pl microdrop in a microwell
group culture dish containing 9 microwells. Three density
groups were defined: Group 1 with 2-4 (6.3-12.5 pl/em-
bryo), Group 2 with 5-6 (4.2-5.0 pl/embryo), and Group 3
with 7-9 (2.8-3.6 pl/embryo) embryos.

Results Proportion of good quality embryos was higher in
Group 2 on both days (D2: 189 vs. 31.5 vs. 24.7%;
p < 0.001; D3: 19.7 vs. 27.1 vs. 21.2%; p = 0.029; Group
1. vs. Group 2. vs. Group 3). Cell number on Day 3 differed
between Groups 1 and 2 (6.8 &+ 2.2; 7.3 £ 2.1; p = 0.004)
and Groups 2 and 3 (7.3 £ 2.1 vs. 7.0 & 2.0; p = 0.014).
Conclusions Culturing 5-6 embryos together in a culture
volume of 25 pl may benefit embryo quality. As low egg
number, position, and distance of the embryos may influ-
ence embryo quality, results should be interpreted with
caution.
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Introduction

Providing optimal culture conditions for the embryos in an
in vitro fertilization (IVF) treatment is crucial, due to its
high impact on embryo development and thus on the out-
come of the treatment.

One of the variables considered by each laboratory is to
culture embryos individually or in groups. The unique
identification of each oocyte/embryo is possible in case of
individual culture; therefore, their development can be
followed individually. Embryos modify their environment
via autocrine signaling; however, paracrine communication
cannot take place due to the hermetic separation of the
embryos from each other [1, 2]. In case of group culture
embryos share the same droplet of culture medium, and are
within close proximity to each other. This proximity allows
embryo-to-embryo communication via paracrine signaling.
Culturing embryos in a group is a prerequisite for achiev-
ing acceptable embryo quality in several mammalian spe-
cies, and has also been reported to provide superior results
in human, compared to individual culture [3, 4]. On the
other hand, group culture may enable substances from the
metabolism of the embryos to accumulate to a concentra-
tion that may have negative effects on embryo develop-
ment. However, with the control of ammonium in novel
culture media, this still remains hypothetical [5]. The
individual identification and the possibility of autocrine
and paracrine signaling between the developing embryos
were first made possible with the so-called well-of-the-well
(WOW) dish [6]. This type of culture dish (a manually
modified four-well dish) used narrow, deep microwells to
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designate the place of each embryo within close distance
from each other, to facilitate autocrine signaling and enable
paracrine communication between sibling embryos, thus
combining the beneficial effects of individual and group
culture.

Another important attribute of embryo culture is the
volume of media applied to support the development of the
embryos with nutrients and buffer the shifts caused by the
embryos’ metabolic processes. The amount of media is
usually determined per embryo: embryo-to-volume ratio
(or embryo density) is calculated as the volume of culture
media divided by the number of embryos. The same
embryo density can be achieved either by changing the
number of embryos in a given volume of culture media, or
by manipulating the culture volume. Choosing an appro-
priate density may benefit embryo development and thus
can be an easy yet effective tool to improve culture con-
ditions and maintain better embryo quality [7].

Although a large number of animal studies dealing with
embryo density have been published so far [8-13], only a
few papers are available on the density of human embryos
cultured together in groups [7, 14, 15]. Therefore, the
optimal density still remains inconclusive [16, 17],
although Gardner and Lane [18] recommend using a den-
sity of 12.5 pl (a maximum of four embryos cultured
together in 50 pl of media).

We hypothesized that embryo density does affect
in vitro embryo quality. Accordingly, we analyzed the
effect of three different embryo-to-volume ratios on
embryo quality in fixed volume, using a commercially
available microwell group culture dish (Primo Vision Dish,
Vitrolife, Sweden; formerly discussed by Pribenszky et al.
[19, 20]).

Materials and methods

This study presents a retrospective analysis of embryological
data obtained from 228 in vitro fertilization (IVF) cycles,
where group culture was performed at the Division of
Assisted Reproduction, First Department of Obstetrics and
Gynaecology, Semmelweis University, Budapest, Hungary,
between September 2012 and April 2015. Every cycle was
included in the study, if at least a minimum of two embryos in
one dish have cleaved until Day 2. Data of an additional 180
cycles, where embryos were cultured individually, were also
analyzed. These cycles were performed independently at the
same time period in the same department.

Ovarian stimulation

Gonadotropin-releasing hormone (GnRH)-agonist “long
protocol” or multiple-dose flexible GnRH-antagonist
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regimens were used for ovarian stimulation. Using the long
protocol, pituitary down-regulation was achieved with the
GnRH-agonist triptorelin (Gonapeptyl; Ferring, Kiel, Ger-
many) at a dose of 0.1 mg/day from the midluteal phase of
the cycle preceding the treatment cycle. In the multiple-
dose flexible GnRH-antagonist protocol [21], 0.25 mg/day
Cetrorelix (Cetrotide; Serono, Rome, Italy) was adminis-
tered when the diameter of the leading follicle was
>14 mm. Human menopausal gonadotropin (HMG)
(Menopur, Ferring, Saint-Prex, Switzerland) or Follicle
Stimulating Hormone (FSH) (Fostimon HP; IBSA,
Lugano, Switzerland) was used for ovarian stimulation,
which was monitored by 1-2 daily estradiol (E2) mea-
surements and transvaginal ultrasound folliculometry.
Ovulation was induced with 5000-10,000 IU of human
Chorionic Gonadotropin (hCG) (Choragon; Ferring) when
at least one follicle with a diameter of 18 or three or more
follicles with a diameter of 16 mm were seen on ultra-
sound, and serum estradiol levels reached 200-300 pg/mL
per >16 mm follicle. Transvaginal ultrasound-guided
aspiration of follicles was performed 36 h after hCG
administration.

In vitro fertilization and embryo culture

Following egg retrieval and collection, oocytes were
incubated for 4-6 h before fertilization. Semen samples
from the male partners were collected on the same day, and
were analyzed 30-60 min following sampling according to
the current WHO recommendation [22] and prepared with
one of the following methods according to their quality.
Density gradient centrifugation using SpermGrad (Vitro-
life, Goteborg, Sweden) in two different concentrations (90
and 45%) were performed in most of the cases. Washing
with Earl’s Balanced Salt Solution with HEPES (EBSS-H,
Lonza, Verviers, Belgium) supplemented with 1% human
serum albumin (HSA, Vitrolife) was performed in case of
poor semen quality (cryptozoospermia).

Decision on conventional in vitro fertilization (IVF) or
intracytoplasmic sperm injection (ICSI) was made based
on the quality of the processed sperm sample, IVF history
and egg count. In case of conventional IVF, swim-up
method was used in order to obtain adequate sperm
motility. Conventional IVF was performed in G-IVF Plus
(Vitrolife) media, in 4-well petri dish (Nunc, Thermo
Fisher Scientific, Waltham, MA, USA). Oocytes and
zygotes were transferred into the microwell culture dishes
for continued in vitro culture after fertilization check,
performed at 18-h post-insemination.

In case of ICSI, cumulus cells were removed by gentle
pipetting following a short enzymatic digestion using
Hyaluronidase (FertiPro, Beernem, Belgium). Oocytes
were injected in G-Mops Plus media (Vitrolife) and then
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Table 1 Our embryo scoring system
o .. washing droplets
° e —— microwells Morphology score Description
) 2 L 4 Stage-specific cell size
o Fragmentation rate: <10%
paraffin oil .
< ; No multinucleation
culture droplet (25pl) = 3 Stage_speciﬁc cell size
S g Fragmentation rate: 10-20%
No multinucleation
2 Cell size not stage-specific
Fig. 1 The Primo Vision group culture petri dish Fragmentation rate: <45%
No multinucleation
1 Fragmentation rate: 45-80%
transferred to microwell culture dishes right away, Evidence of multinucleation
approximately 5-min post-insemination. 0 Non-cleaving or degenerated zygote

Embryo culture was performed in a Forma Scientific
3141 incubator (Forma Scientific; Waltham, MA, USA).
Embryos were cultured in groups using a 9-microwell
Primo Vision microwell group culture dish (Vitrolife)
(Fig. 1). The size of a single microwell is 350 pm in
diameter. The distance between the microwells is 100 pm
in case of the adjacent wells, and 130 pm in case of the
diagonally opposite wells. Oocytes and/or zygotes were
placed together into the microwells, under a small droplet
of preincubated G-1 Plus (Vitrolife) culture media with a
fixed volume of 25 pl, covered by mineral oil (Ovoail,
Vitrolife). If the egg count exceeded nine, oocytes were
divided into two to three dishes.

Fertilized oocytes were scored for pronuclei on Day 1 at
16-18 h and for early pronuclear breakdown at 24-26-h
post-insemination. Degenerated oocytes were removed
after fertilization check. Number of blastomeres, frag-
mentation, and morphology scores on Day 2 (43—45-h post-
insemination) as well as on Day 3 (67—69-h post-insemi-
nation) were recorded. Quality assessment was made
according to the recommendation of international embry-
ology societies [23]; however, our scoring system differed
from that. Morphology score from O to 4 (higher score
means better quality) was given based on stage-appropriate
cell size, position and shape (Table 1). For example, a two-
cell-stage embryo was considered stage appropriate if it
had two equally sized blastomeres with oval shape, but a
three-cell-stage embryo should have had one bigger and
two smaller equally sized blastomeres as a result of cell
cleaving. Degree of fragmentation was also taken into
account. An embryo was defined as a GQE on Day 2 when
having >4 blastomeres and <25% fragmentation, with no
multinucleation and stage-appropriate cell sizes. On Day 3,
an embryo with >7 blastomeres of stage-appropriate size,
<25% fragmentation and no multinucleation was consid-
ered GQE. In case the patient had more normally fertilized
oocytes on Day 1 than that could be transferred, embryo
transfer (ET) was performed on Day 3; otherwise on Day 2.

Non-identifiable blastomeres

Fragmentation rate: >80%

When choosing embryos for transfer with otherwise equal
quality on Day 3, early cleavage and the presence of nuclei
in the cells were also taken into account.

Study design

Data of 1337 (group culture) and 791 (individual culture)
normally fertilized oocytes (showing two pronuclei on Day
1) were analyzed. Only cycles with at least two cleaving
embryos were included in the study.

Embryo density was defined as follows: culture volume
(25 pl) divided by the number of cultured embryos that
have been cleaved until Day 2, regardless of whether they
are normally or abnormally fertilized. Three different
groups were made based on the number of embryos cul-
tured together:

1. Group 1: 2-4 embryos
(6.3-12.5 pl/embryo),

2. Group 2: 5-6 embryos in one culture drop (4.2-5 pl/
embryo),

3. Group 3: 7-9 embryos in one culture drop (2.8-3.6 pl/
embryo).

in one culture drop

Cell number, morphology, fragmentation, number of
GQEs embryos on Days 2 and 3 were compared between
groups.

For the correct interpretation of the results, we consid-
ered to perform additional investigations. As there was a
difference in group culture time between the two fertil-
ization methods, and the proportion of ICSI cycles varied
between the groups, we compared morphology data
between the different techniques of fertilization.

Furthermore, data of 791 embryos from 180 IVF cycles
with individual culture performed during the same time
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Table 2 Basic attributes of the groups Results
Group 1 Group 2 Group 3

Embryo qualities of 1337 cleavage stage embryos on Day 2
No of cycles 121 80 60 (Group 1: n = 370, Group 2: n = 486, Group 3: n = 481)
No of dishes 136 96 2 and 1229 on Day 3 (Group 1: n = 269, Group 2: n = 479,
Oocyte/dish* 55+£18 69+12 84+£07  Group 3: n = 481) were analyzed. The lower number of
2PN/dish” 28+ 12 50409 6.7+ 14  embryos on Day 3 is a result of Day 2 embryo transfers.
Degenerated® 3.9%° 2.0%" 0.8%* Attributes of the different groups are presented in Table 2.

? Mean number of oocytes initially placed into a Petri dish
® Mean number of normally fertilized oocytes/Petri dish

¢ Proportion of degenerated and removed embryos

4 p <0.001

period were also analyzed. Only cycles with 2-9 cleaving
embryos were included, and divided into three different
groups according to the following: I-Group 1: 24
embryos, I-Group 2: 5-6 embryos, [-Group 3: 7-9
embryos. All embryos were cultured in an individual dro-
plet with a volume of 25 pl. Ovarian stimulation, handling
of the gametes and fertilization were performed in the same
way as described earlier. Embryo culture was performed in
Falcon 3004 Petri dishes (Becton—-Dickinson, Erem-
bodegem, Belgium) using the above-mentioned incubator
and culture media.

Statistical analysis

Statistical analyses were performed with Statistica 7
(StatSoft, USA) software. p < 0.05 was considered statis-
tically significant. Embryological and clinical data of the
different density groups was tested with analysis of vari-
ance (ANOVA). Tukey’s honest significant difference
(HSD) test was performed as a post hoc test in order to
distinguish between the groups. For the comparison of
categorical variables, such as stimulation or fertilization
method, rate of good quality embryos, Chi-squared test was
used.

Basic clinical characteristics are shown in Table 3. Statis-
tically significant differences between the three groups
occurred in the stimulation length and method, as well as in
the type of the fertilization.

Morphology outcomes using different fertilization
techniques are shown in Table 4. No statistically signifi-
cant difference was found in Group 1. Even though the
patient age was lower in case of ICSI in Group 2, blas-
tomere number on Day 3 was higher (7.9 2.2 vs.
7.1 £ 2; p < 0.001), fragmentation rate was lower on Day
2 (12.6 £ 8.4 vs. 148 £9.1; p = 0.011) and on Day 3
(12 & 8.6 vs. 15.7 £ 10.8; p < 0.001) following conven-
tional IVF. In Group 3, morphology score on Day 2
(23 £0.7vs.2.2 £ 0.7; p = 0.027) and Day 3 (2.3 &+ 0.7
vs. 2.1 £ 0.6; p = 0.003), and also GQE rate on Day 3
(254 vs. 17.5%; p = 0.034) differed statistically signifi-
cantly in favor of IVF.

Table 5 shows the proportion of zygotes with early
pronuclear breakdown, while Table 6 shows embryo
quality and the rate of GQEs in the different density groups
on Day 2. No differences were found between the number
of blastomeres; however, morphology score was lower
(2.2 £ 0.7 vs. 2.3 £ 0.7; p = 0.003), and fragmentation
rate was higher (16.1 & 10.9 vs. 14.2 &+ 8.9%; p = 0.009)
in Group 1 than in Group 2. Rate of GQEs was higher in
Group 2 than in any other groups (Groups 1 and 2: 18.9 vs.
31.5%; p < 0.001 and Groups 2 and 3: 31.5 vs. 24.7%
p = 0.02), but there was also a slight difference between
Groups 1 and 3 (18.9 vs. 24.7%; p = 0.043).

Day 3 embryo quality is shown in Table 7. Cell number
was significantly higher in Group 2 (7.3 &+ 2.1) than in

Table 3 Comparison of basic

linical out ) Group 1 Group 2 Group 3 p value

chmical outcomes (6.3-12.5 pl) (4.2-5.0 pl) (2.8-3.6 ul)
Patient age® 350+ 52 34.6 + 4.5 345 + 4.1 0.197
No. of IVF cycles® 20+ 1.4 1.8+ 14 19+ 14 0.255
Long protocol 80.3%"¢ 82.1%%F 87.9%" 0.005
Length of stimulation™” 11.1 £+ 1.08" 10.9 + 1.08 10.8 &+ 1.0" 0.002
ICSI* 91.4%" 72.6%" 53.4%"* 0.001
4 Mean + SD

® day of hCG administration
¢ Proportion of cycles with ICSI
4 p=0498;°p=0002; " p=0,011;p =0.008; " p=0003p<0.001; p <0.001; * p <0.001
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eTriEi;:log; gluaigz?; (f)(fllowing Day 2 Day 3
different fertilization methods IVF ICSI p value IVF ICSI p value
Group 1 n =32 n = 338 n = 30 n = 239
Patient age® 342 +£3.1 351+54 0280 339431 338+48 0.984
No of Blastomeres® 39+12 41+15 0501 68+22 68+22 0.820
Morphology score® 224+£07 22+£07 0831 23+£06 21£07 0.256
Fragmentation rate* (%) 15.6 £ 6.7 16.1 £ 11.2 0.292 15277 169 +£11.8 0.937
GQE rate” 12.5% 19.5% 0332 20.0% 19.7% 1.000
Group 2 n =133 n = 353 n = 130 n = 349
Patient age® 354+£26 343+£5 <0.001 353+26 343+5 <0.001
No of Blastomeres® 42+ 14 43+12 0556 79+22 71+2 <0.001
Morphology score® 24 +£08 23+£0.7 0.188 2407 22+£0.7 0.052
Fragmentation rate” (%) 12.6 + 84 14.8 £ 9.1 0.011 12 +£8.6 15.7 £ 10.8  <0.001
GQE rate” 33.1% 30.9% 0.639 33.1% 24.9% 0.075
Group 3 n =224 n = 257 n =224 n = 257
Patient age® 343 £31 347147 0909 343 +31 347 +47 0.909
No of Blastomeres® 41+1.1 42+14 0841 719 69 + 2.1 0.590
Morphology score® 23+£07 22407 0.027 23+£07 21+06 0.003
Fragmentation rate® (%) 142 +£8.2 149 + 8.1 0220 13.8+89 14.6+98 0.493
GQE rate” 28.6% 21.4% 0.069 25.4% 17.5% 0.034
% Mean £+ SD
® Rate of embryos considered good quality
:‘::)l;fnsioriocr)?peaar;ls}(l)r;r?)fn?;ear N Group 1 Group 2 Group 3 p value
breakdown (6.3-12.5 ul) (4.2-5.0 ub) (2.8-3.6 ul)
All (IVF + ICST)  1253*  33.9%"° (111/327)  41.7%" (198/475)  46.3%" (209/451)  0.002
ICSI only 873 32.9% (98/298) 42.1%* (144/342) 39.9% (93/233) 0.049
IVF only 380 44.8% (13/29) 40.6% (54/133) 53.2% (116/218)  0.129
? Data lacking: 84
b p=0.027,°p <0.001; % p = 0.016
Group 1 (6.8 £+ 2.2; p = 0.004) and Group 3 (7.0 & 2.0;  Blastomere number on Day 2 differed significantly

p = 0.014). Superior average morphology score was also
assessed in Group 2 (2.3 £ 0.7) compared to Group 1
(2.1 £ 0.7; p = 0.021), but did not differ from that in Group
3(2.2 £ 0.6;p = 0.474). Slightly higher fragmentation rate
was assessed in Group 2 compared to Group 3 (14.7 £+ 10.4
vs. 14.2 £ 9.4%; p = 0.768), but it was significantly lower
in both groups compared to Group 1 (Groups 1-2:
16.7 £ 11.5 vs. 14.7 £ 10.4; p = 0.029; Groups 1-3:
16.7 &+ 11.5vs. 14.2 £ 9.4 p = 0.005). GQE rate shows the
same pattern as blastomere number. The highest rate was
assessed in Group 2 (27.1%), followed by Group 3 (21.2%;
p = 0.032) and Group 1 (19.7% p = 0.023).

Table 8 shows the clinical outcomes of individual cul-
ture, while the comparison of embryology data gave the
following results. Number of examined embryos was 210
in I-Group 1, 254 in I-Group 2, and 327 in I-Group 3.

(p = 0.005), and was the highest in I-Group 2 (3.7 = 1.4
vs. 4.1 £ 1.4 vs. 3.9 £ 1.4). On Day 3, there were no
differences between the groups (6.3 + 2.4 vs. 6.6 + 2.4
vs. 6.5 £ 2.3; p = 0.566). Degree of fragmentation did not
show any statistically significant difference on Day 2
(16 £ 11.7 vs. 16 £ 10.5 vs. 14.4 + 10.5%; p = 0.129),
but did on Day 3, with the lowest rate in I-Group 3
(179 £ 125 vs. 163 £ 11.7 vs. 145 £ 10.6%
p = 0.023). Morphology score on Day 2 was significantly
higher in I-Group 3 compared to I-Group 2 (2.1 £ 0.8 vs.
22+ 0.9; p=0.037), and was significantly lower in
I-Group 1 than in I-Group 3 (2.0 £ 0.9 vs. 2.2 £ 0.8;
p = 0.037) on Day 3. GQE rate was also similar on Day 2
(21.4 vs. 23.6 vs. 29.7%; p = 0.071) and on Day 3 (20.2
vs. 19.8 vs. 22.8%; p = 0.660). Figure 2 presents visual-
ization of the study group outcomes in relation to the
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Table 6 Embryo quality
parameters in the different
density groups on Day 2

Table 7 Embryo quality
parameters in the different
density groups on Day 3

Table 8 Comparison of basic
clinical characteristics of cycles
with individual culture

Group 1 Group 2 Group 3 p value
(6.3-12.5 pl) (4.2-5.0 pl) (2.8-3.6 nl)
Number of cases 370 486 481
No. of blastomeres® 41+ 14 43+ 1.2 42+ 13 0.055
Morphology score® 224+ 0.7° 2.3 4+0.7° 22407 0.004
Fragmentation® (%) 16.1 + 10.9¢ 14.2 + 8.9¢ 14.6 £ 8.1 0.009
GQE rate” 18.9%°" 31.5%°¢ 24.7%"¢ <0.001
% Mean + SD
® Rate of embryos considered good quality
¢ p=0.003;4p =0.009; ¢ p <0.001; " p=0.043; 2 p = 0.020
Group 1 Group 2 Group 3 p value
(6.3-12.5 pul) (4.2-5.0 pl) (2.8-3.6 pl)
Number of cases 269 479 481
No. of blastomeres® 6.8 +£2.2° 7.3 £ 2.1%¢ 7.0 £+ 2¢ 0.002
Morphology score® 2.1+0.7° 23 +£0.7° 22+ 06 0.028
Fragmentation® (%) 16.7 + 11.5%¢ 14.7 + 10.4° 14.2 + 9.4% 0.006
GQE rate® 19.7%" 27.1%™ 21.2%! 0.029
# Mean £+ SD
b Rate of embryos considered good quality
¢ p=0.004; Y p =0014; ¢ p <0.021; " p = 0.029; & p = 0.005; " p = 0.023; ' p = 0.032
I-Group 1 I-Group 2 I-Group 3 p value
(n = 80) (n =52) (n = 48)
Patient age® 36.8 £ 4.7% 34.8 £+ 4.3* 357+ 4.7 0.049
No. of IVF cycles® 20+ 1.2 1.8+ 12 1.8 £ 1.1 0.134
Long protocol 70.0%° 82.7% 87.5%° 0.044
Length of stimulation™” 113+ 1.1 109 £ 1.1 11.1 £ 1.2 0.520
ICSI® 86.3%" 75.0% 62.5%" 0.008
# Mean £ SD

® day of hCG administration

¢ Proportion of cycles with ICSI
4 p=0.038;°p=0024; " p=0.002

individual culture groups. The differences between the
group and single-culture outcomes are the result of the
efficiency of the different culture methods.

Discussion

Proper culture conditions can result in superior embryo
viability. Embryo density during group culture can also
affect embryo quality. In this study, we found that culturing
5-6 embryos in a volume of 25 pl (4.1-5.0 pl/embryo)
resulted in an increased average blastomere number, and
the highest GQE rate. Other quality parameters such as the

@ Springer

amount of fragmentation or the morphology score also
varied between the distinct groups. These differences were
statistically significant between the less (6.3—12.5 pl/em-
bryo) and the moderately dense group (Groups 1 and 2) in
many instances.

As the group culture time is longer in cycles with ICSI,
compared to the ones with conventional IVF, the unequal
rate of ICSI between the groups has to be taken into con-
sideration. Improved embryo quality has been found in the
moderate- and high-density groups following conventional
IVF; consequently, lower rate of ICSI in the higher density
groups may indicate better embryo quality. However, this
was not the case. According to our findings, a moderate
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Day 2
No. of Blastomeres Fragmentation rate (%)
44 16,5
4,2 16,0 k) ®
40 1SS o ° 155
)
18 A 15,0
zig ® 14,5 ®
14,0
4 135
2 13,0 P=0.009
=
30 125
28 12,0
Group 1 Group 2 Group 3 Groupl Greup2 Group3
Day 3

No. of Blastomeres

75 19,0
” 120 .\
71 Py,
=0,
69 5.0 -02, <]
67 13,0
o
6.5 @ 1.0
&3 @ 9,0 P=0.005
6,1
59 P=0.004 P=0.014 2
" =0 =0. P=0.02
5.7 = | 5.0 {*&]
55 3,0
Group 1 Group 2 Group 3 Groupl Group2 Group3

Fragmentation rate (%)

Morphology score Group culture

24

% Group 1
23 2-4 embryos/25ul
23 ® (6.3-12.5pl)
22 Q47\
22 A Group 2
21 . ¥ 5-6 embryos/25,l
-6 embryos
21 ® ¥ s
20 (4.2-5.0l)
20 22,
19 Group 3
Groupl Group2  Group3 7-9 embryos/25pl
(2.8-3.6pl)

Morphology score L
: gy B ndividual culture
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Group 1
2-4 embryos

Group 2
5-6 embryos

Group 3

Group 1 7-9 embryos

Group 2

Group 3

Fig. 2 Mean quality parameters on Day 2 and Day 3 in case of group and individual culture

density (5-6 embryos/25 pl) seems to have a beneficial
effect on embryo quality, but the following limitations
have to be taken into consideration. Degenerated oocytes
were removed as soon as detected, but embryos with a low
blastomere number might also have an adverse effect on
better quality embryos [24, 25], although Larson and
Kubish [26] have confuted this. However, some authors
suppose that better quality embryos may promote the
development of other embryos in the vicinity [25].
Unfertilized oocytes were not removed, even though
Salahuddin et al. [9] have found a negative impact on
embryo development of these oocytes in the mouse; how-
ever, they compared single-cultured zygotes and zygotes
co-cultured with unfertilized ova. We could not consider
the relative position of each embryo and the distance
between them either, albeit these can also influence the
development of the embryos [4, 7, 27-29]. Due to the study
design, the effect of low egg count could not be eliminated.
We were unable to compare pregnancy rates or clinical
outcomes due to the study design. However, data of the
literature [30—32] suggest that the impaired embryo quality
in the low-density group (Group 1) is a result of the low

number of oocytes collected, rather than a consequence of
embryo density.

The association between oocyte number and embryo
quality, which is known already, could also influence
treatment outcomes. Ji et al. [32] found that the live birth
rate (LBR) after fresh transfer in case of young patients
was maximal in groups with 6-15 oocytes, and reduced in
the groups with 1-5 or over 15 eggs. The cumulative LBR
per initiated cycle increased with oocyte number.
Accordingly, Timeva [30] found improved pregnancy rates
when 6-15 oocytes were collected, while aspiration of 1-5
or >15 eggs led to lower pregnancy rates. The study of
McAvey et al. [31] reports fairly similar results. Obtaining
6-9 metaphase II (MII) oocytes had an advantage com-
pared to 1-5 MII oocytes in terms of live births, but
obtaining 10 or more eggs was not beneficial. They also
concluded that the optimal number of retrieved oocytes
was dependent on the stimulation protocol. In contrast,
Letterie et al. [33] did not find any difference in fertiliza-
tion rates or clinical pregnancy rates regardless of the
number of oocytes collected (in case of over three eggs) in
oocyte donor cycles.
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However, the inferior embryo quality in the high-density
group (Group 3) seems to be influenced more by the
embryo density, rather than oocyte count for two main
reasons. First, according to the literature [30-33], it is not
obviously clear that the higher number of eggs compro-
mises embryo quality. We can also conclude that the higher
number of embryos up to nine, when culturing individu-
ally, indicates an improvement of some quality parameters.
Secondly, in this study, if the number of oocytes exceeded
nine, embryos were cultured in two or more dishes, and
therefore could be classified into any of the groups
depending on the number of embryos. It is also important
to emphasize that in our study, we compared the density of
cleaving embryos instead of oocytes, which is almost
always lower.

It seems that lower embryo quality in the low-density
group is not necessarily a result of embryo density. Higher
rate of ICSI as the method of fertilization cannot be
neglected. Lower egg quality and higher proportion of
degenerated oocytes may also negatively affect embryo
quality. The result of individual culture seems to confirm
this, as similar trends have been found, when culturing
embryos in single droplets. This may imply that low
embryo density can be as effective as the moderate one.

The explanation for the phenomenon that an optimal
density may exist, is that higher embryo density results in
the facilitation of the effective zone around the embryos,
promotion of the autocrine and paracrine factors, and the
limitation of the positive factors around the embryos [7],
but over a definite threshold, the effect of the negative
factors may prevail over. These paracrine factors can be
embryonic growth factors [29, 34, 35] that are secreted by
the embryos and can influence the development of other
embryos. Increased distance between the embryos may also
diminish the positive effects as found in animal studies
[28, 29]. The latter indicates that the type and structure of
the culture dish have an impact on the embryo quality too.
Shape and size of the microwells, as well as the distance
between them play an important role in the transport of
autocrine/paracrine factors. Physical contact also seems to
be a remarkable characteristic [4].

In conclusion, we confirm the earlier findings [14-17]
that embryo density can affect embryo development. When
culturing embryos in a Primo Vision Dish, a commercially
available microwell group culture dish, 4.1-5.0 pl/embryo
(5—6 embryos/25 pl) density seems to be beneficial.
However, we cannot exclude that low embryo density (1-4
embryos/25 pl) can be as beneficial as the moderate one.
To find the proper answer for this, and for many other
questions, deeper understanding of this topic is necessary.
The need of prospective randomized studies, which are
lacking so far, is obvious, but since the proper density
depends on many factors, including culture media, culture

@ Springer

dish type, and others, every laboratory should define the
appropriate value that fits to their own culture setting and
thus contribute to a better treatment outcome indeed.
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