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Abstract  
During infertility treatment with IVF, embryos are cultured either in groups or individually.  Each approach 
has potential benefits and detriments, and the purpose of this review is to try to come to a consensus 
based on the literature as to which approach yields superior results.  Group culture of embryos may 
produce better quality embryos via secretion of embryotrophic factors, while opponents of the approach 
argue that embryos cultured together may either deplete the media of substrates or negatively affect 
nearby embryos via the transmission of other secreted factors.  In these cases, quantity of embryos, 
volume of media and proximity and quality of companion embryos are also important factors to consider.  
While it has long been accepted that group culture is beneficial for embryos from various animal species, 
emerging data also suggest a similar benefit in the human.  Conversely, embryos cultured individually 
avoid potential substrate depletion, negative impact from factors secreted from companion embryos, 
while more practically permitting the ability to monitor and track the embryo for identification via 
morphology or molecular analysis to select and transfer potentially superior embryos.  Importantly, 
advancements in embryo culture platforms now permit tracking of individual embryos, while also offering 
ability to reap the benefits of group culture.  These approaches utilize confined microenvironments 
immediately surrounding the embryos that may be conducive for periodic sampling/analysis, while also 
allowing access to a larger media reservoir to avoid substrate depletion.  Thus, though questions remain 
as to optimal embryo density and volume of culture media, group embryo culture in the correct culture 
platform is likely to be superior to individual embryo culture. 
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Introduction  
While newer technologies have emerged for 
studying embryo development in the hope of 
identifying high quality embryos for transfer to 
improve pregnancy rate, from a practical 
standpoint, many of these newer technologies 
are fiscally out of reach for smaller and non-
extramurally funded laboratories and thus not 
easily translated into improved clinical 
outcomes.  Therefore, to offer the ability to 
improve ART outcomes to a wider audience, 
simple and affordable techniques need to be 
developed that are readily translated between 
laboratories.  Towards this end, and seemingly a 
prerequisite before implementing embryo 
diagnostics, are techniques that permit growing 
of better quality embryos in vitro.  
 
Perhaps the most widely pursued approach in 
this endeavor of improving embryo development 
in vitro and resulting ART outcomes to a large 

audience is improvement of culture media (Vajta 
et al., 2010; Pool, 2005; Lane and Gardner, 
2007; Biggers and Summers, 2008; Gardner, 
2008).  Though commercialization of culture 
media production has undoubtedly benefited 
outcomes in various labs through increased 
quality control and assurance, there does not 
appear to be one superior product.  Another 
approach that has received less attention, but  
which may have a dramatic impact and offer 
benefit to IVF labs, is how embryos are cultured: 
in groups on individually.   
 
How many embryos are cultured together or 
whether they are cultured individually is 
determined by each individual IVF laboratory, 
often for historical or practical reasons.  The aim 
of this review is to summarize the known 
literature from both animal and human studies 
on the impact of group versus individual culture 



Single or group culture of embryos                                                                                                             78 
 

on embryo quality and reproductive outcomes, 
striving to achieve a consensus as to which 
approach offers superior results. 
 
Importance of embryo culture approach 
Decisions we make within the IVF laboratory can 
have significant ramifications on resulting 
embryo development and fetal outcomes.  While 
it is widely accepted that differing culture media 
may yield differing results in embryo 
development within a particular laboratory, the 
importance of an everyday decision like this is 
reinforced by recent findings that a simple 
change in culture medium may impact resulting 
fetal size as well (Dumoulin et al., 2011).  This 
puts into context the potential importance of 
another common decision made within the 
laboratory: whether to culture embryos in 
groups, or individually.  Could adjusting 
something seemingly so simple also have such 
a dramatic impact?    
 
Group embryo culture 
The primary argument for group embryo culture 
is that better quality embryos may be produced 
via secretion of embryotrophic or positive signals 
from companion embryos (Reed, 2006).  Central 
to this rationale is the presence, or more 
importantly, ability to demonstrate the presence 
of these beneficial secreted factors and to 
identify them.  Indeed, it is known that embryos 
secrete various proteins, and analysis of the 
embryo secretome has become an active area 
of research (Beardsley et al., 2010; Cortezzi et 
al. 2011; Bormann et al., 2006; Katz-Jaffe et al., 
2006; Brison et al., 2007).  Ultimately, ability to 
isolate these beneficial substances from 
embryos may permit supplementation of culture 
media to improve results regardless of the 
number of embryos. This is similar to 
approaches that have used protein secretions 
from embryonic stem cells (Kim et al. 2011) or 
trophoblast vesicles (Stojkovic et al., 1995; 
Stojkovic et al., 1997) to improve embryo 
development in vitro in the bovine model. 
  
Alternatively, groups of embryos together may 
benefit embryo development by limiting the 
diffusion of positive factors away from embryos 
or perhaps facilitating formation of a beneficial 
zone of nutrients, metabolites, and oxygen 
around the embryos that may benefit adjacent 
embryos.  For example, using sensitive chemical 
micro-probes, gradients of dissolved oxygen, 
potassium and calcium have been shown to 
extend around the embryo(s), forming gradients 

Table I. Studies where group culture of embryos has 
been reported to be beneficial 

Species Authors 

Optimal 
embryo 

# in 
group 

Micro- 
droplet 
volume 

(µl) 

Optimal 
embryo 
density 

(µl/embryo) 

Mouse 

Wiley et al.  
(1986) 20 10-12 0.5-0.6 

Paria & 
Dey (1990) 5-10 25-50 2.5-10 

Canseco 
et al. 

(1992) 
5 10 2.0 

Lane & 
Gardner 
(1992) 

2-16 5-320 0.3-40 

Kato & 
Tsunoda 
(1994) 

20 10 0.5 

Salahuddin 
et al. 

(1995) 
10 20 2.0 

Hamster 
Schini & 
Bavister 
(1988) 

2 <1 <0.5 

Cow 

Ferry et al.    
(1994) 40 40 1.0 

Donnay et 
al. (1997) 20 20 1.0 

Larson & 
Kubisch 
(1999) 

40 25 0.6 

Khurana & 
Niemann 
(2000) 

40 500 12.5 

Nagao et 
al.   (2008) 25-100 50 0.5-2 

Cat Spindler et 
al. (2006) 10 20 2.0 
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that are measurable out to beyond 50µm from 
mouse embryos cultured in vitro (Trimarchi et 
al., 2000a, 2000b, 2000c).   
 
However, interpretation of the existing literature 
in these respects is not necessarily 
straightforward.  In attempting to determine a 
benefit of group embryo culture, confounding 
factors exist and must be accounted for, 
including variables like embryo spacing, quality 
of companion embryos, and media 
volume/number of embryos in the groups 
(embryo density).  
 
Table II. Proposed advantages and disadvantages  
of group culture 

Advantages 

Accumulation of embryo-trophic 
factors might improve competence 
of all embryos 
Less microdroplets to set up and 
observe 

Disadvantages 

Accumulation of embryo-toxic 
factors that might decrease 
competence 
Individual embryos have unique 
requirements that may be 
negatively influenced by other 
embryos, e.g. depletion of 
necessary substrates by other 
embryos 
No traceability of individual 
embryos to allow for better 
selection, e.g. by monitoring of 
quality and rate of development, or 
metabolic profiling* 
Cannot be used for biopsied 
embryos for PGD/PGS* 

*Can be avoided through use of specially designed culture dishes 
 
Individual embryo culture 
Proponents of individual embryo culture put 
forward four primary reasons for their decision.  
Firstly, rather than believe in a benefit from 
secreted embryotrophic factors from companion 
embryos, some of those who favor individual 
embryo culture argue that embryos cultured 
together may be exposed to secreted 
detrimental factors.  Secondly, proponents of 
individual embryo culture may believe that the 
approach avoids depletion of necessary 
substrates or formation of detrimental zones that 
may occur with group embryo culture.  Thirdly, 
individual embryos may be unique in their 
requirements, as suggested by studies 
indicating embryos from the same cohort may 
develop better in one culture medium than 

another (Wirleitner et al., 2010; Pomeroy et al., 
2009).  Thus, an embryo may modify its 
environment based on its individual needs, 
which may not be possible when cultured in 
groups.  Finally, for more practical purposes, 
individual embryo culture is often used to permit 
identification and selection via continual 
evaluation of embryo morphology and rate of 
development, or other analysis that may be not 
achievable with group embryo culture.   
 
Variables to consider in determining 
benefit of group or individual culture? 
An underlying principle in attempting to 
determine any benefit of group or individual 
culture is secretion or depletion of various 
factors in the culture media and formation of 
gradients or zones that may impact embryo 
development.  However, for primarily mono-
ovulatory species, such as the human, horse 
and cow, it is logical that ova would undergo 
fertilization and development without the benefit 
of other nearby ova.  Though these cells may 
potentially secrete autocrine embryotrophic 
factors to modify their own environment, 
certainly they do not require companion 
embryos to develop in vivo.  Thus, in theory, 
these embryos may seemingly develop better 
when cultured individually.  For poly-ovulatory 
species like the mouse, pig, cat and dog, a role 
for nearby companion embryos is more logical.  
It should be mentioned though, that while 
embryos may influence other embryos in their 
immediate vicinity for a short time, the majority 
of the interactions would be between the 
embryo(s) and the maternal environment.  
 
 Table III. Variables to consider in trying 
 to optimize group culture 
Embryo density 
Embryo spacing/contact 
Quality of companion embryos 
Whether to change companion embryos according to 
grading 
Microdroplet volume 
Culture media utilized 
Frequency of changing media 
Type of dish/platform 
Volume of oil overlay 
   
When looking at mono- versus poly-ovulatory 
species, group culture appears to benefit both.  
Various studies have shown a benefit of group 
culture of embryos from the rodent (Canseco et 
al., 1992; Lane and Gardner, 1992) as well as 
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domestic species like the cow, sheep and pig 
(Fujita et al., 2006;  Donnay et al., 1997; 
O'Doherty et al., 1997; Gardner et al., 1994; 
Stokes et al., 2005).  However, before sweeping 
generalizations can be made regarding an 
overall benefit of group embryo culture, various 
factors need to be discussed that can potentially 
impact outcomes.  These include ratio of media 
volume used to the number of embryos (embryo 
density), embryo spacing, type of culture media, 
as well as quality of companion embryos.  
  
Embryo density 
Embryo density can be defined using an 
embryo-to-volume ratio, or by the number of 
embryos in a fixed volume of culture medium.  
Thus, embryo density can be modified by 
changing either the number of embryos or the 
culture volume.  For example, a 50µl 
microdroplet containing five embryos (group 
culture) has the same embryo-to-volume ratio as 
a 10µl microdroplet containing one embryo 
(individual culture).  Both methods might 
improve embryo competency, but the actual 
impact, or efficacy of each approach may differ.  
Importantly, volume could also be an important 
variable independent of embryo density.  This 
was indeed the case with mouse embryos, 
where though embryo density was kept constant 
during culture of various group sizes, differing 
volumes yielded differences in embryo 
development (Kato and Tsumoda, 1994). 
 
Embryo spacing 
In a related, but separate issue to embryo 
density, embryo spacing may also be an 
important consideration in determining benefits 
of group culture.  Any secreted factors, or zones 
created around the embryos, may only extend 
for a certain distance.  Thus, companion 
embryos outside this distance may not 
experience any potential effects, positive or 
negative.  Furthermore, the question of whether 
direct embryo-to-embryo contact can influence 
development remains unanswered. 
 
Companion embryos 
Underlying potential effects of both embryo 
density and spacing is the quality of any 
companion embryos (Spindler and Wildt, 2002; 
Spindler et al., 2006).  Embryos of differing 
quality may differentially secrete or utilize 
substances into/from the culture medium.  Thus, 
“good” quality embryos may improve 
development of other embryos in their vicinity, 
while “poor” quality embryos may compromise 

development.  This then begs the question of 
whether there is a benefit of selecting and 
combining “good” quality embryos based on 
basic microscopic observations such as 
morphology and rate of development.   
 
Culture media 
Type of culture media can also impact outcomes 
of group embryo culture (Kato and Tsumodo, 
1994; Nagao et al., 2008).  Various components 
of differing culture media may form detrimental 
by-products, or provide protection against 
certain embryo-toxic factors.  
 
Group versus Individual Culture–Animal 
studies 
Unfortunately, no seminal studies exist that 
control all of these variables when determining a 
benefit of group versus individual culture.  
Indeed, controlling for all the factors may not be 
feasible.  However, several studies have looked 
at the effects of group embryo culture for poly- 
and mono-ovulatory species. 
 
Poly-ovulatory 
The earliest reports examining impact of embryo 
density with the intent to improve development, 
rather than for convenience, occurred in the 
rodent model.  In the hamster, the culture of two-
cell embryos through, what was at that time, a 
virtually impenetrable in vitro two-cell 
developmental block was difficult (Schini and 
Bavister, 1988).  Two-cell embryos recovered 
from oviducts of mated females were grouped in 
a single microdroplet, after which the medium 
was aspirated until less than a microliter 
remained, leaving just enough medium to cover 
the embryos.  Through this approach of 
increasing embryo density to <0.5µl/embryo, 
division through the two-cell stage was 
successfully achieved.  However continued 
development past the four-cell was not obtained.  
This suggested that groups of embryo cultured 
together may offer some benefit. 
 
Using the mouse as a model, Wiley et al. (1986) 
compared culture of two-cell mouse embryos in 
fixed volume microdroplets of 10-12µl, and 
varied the embryo density to either two or twenty 
embryos per microdroplet (5-6µl/embryo and 
0.5-0.6µl/embryo respectively). They 
demonstrated that a group of twenty embryos 
yielded faster rates of development compared to 
a group of two embryos.  Similarly, Paria and 
Dey (1990) examined inbred two-cell mouse 
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embryos in fixed volume microdroplets of 25µl 
and 50µl, and varied the embryo density to one, 
five or ten embryos per microdroplet (25, 5, 
2.5µl/embryo and 50, 10, 5µl/embryo 
respectively).  In both volumes, the five and ten 
embryo groups (2.5 to 10µl/embryo) yielded 
significantly higher rates of blastocyst formation 
compared to individually cultured embryos (25 to 
50µl/embryo).   
 
 
Other studies in the mouse have examined 
broader embryo densities in an attempt to 
identify more optimal embryo/volume ratios.  
Using outbred mice, Canseco et al. (1992) 
examined groups of one, five, ten or twenty 
embryos cultured in 5, 10, 20 or 40µl 
microdroplets (embryo density ranging from 
0.25µl/embryo for 20 embryos in 5µl, up to 
40µl/embryo for single embryos in 40µl).   All 
multiple embryo groups yielded superior 
development compared to individually cultured 
embryos at all volumes examined.  Additionally, 
significantly better embryo development was 
observed after culture in 10µl microdroplets 
compared to culture in 20 or 40µl microdroplets.  
The highest development score was obtained 
when five embryos were cultured in a 10µl 
microdroplet (2µl/embryo).   
 
 
In a similar study, Lane and Gardner (1992) 
investigated the effect of embryo density using 
random bred mice.  Two-cell embryos were 
cultured individually or in embryo density groups 
of two to sixteen in microdroplet volumes 
ranging from 5 to 320µl.  Decreasing the 
microdroplet volume significantly increased 
blastocyst cell number in individually cultured 
embryos, with smaller microdroplet volumes of 
5, 10 and 20µl yielding better results compared 
to larger volumes.  However, increasing the 
embryo density up to sixteen embryos per 
microdroplet also significantly increased 
blastocyst formation and blastocyst cell numbers 
in all volumes employed.  The maximum 
blastomere number in vitro was attained with an 
embryo density of sixteen embryos in 5µl 
(0.31µl/embryo), two embryos in 20µl 
(10µl/embryo) and eight embryos in 320µl 
(40µl/embryo).  An elevation in implantation and 
fetal development was also observed when 
embryos were cultured in increasing numbers in 
20µl microdroplets.  Though this study does 
have variances in outcome based on embryo 
density, there is agreement in the results of an 

improved impact of group culture over individual 
culture for the mouse.  Various other studies 
exist which also demonstrate the benefit of 
group culture on blastocyst hatching using 
mouse embryos (Kato and Tsunoda, 1994; 
Salahuddin et al., 1995; Teruel & Smith 1997), 
and the optimal embryo density may be 
dependent upon the type of media used (Kato 
and Tsunoda, 1994).  
 
In a poly-ovulatory species like the cat, quality of 
companion embryos also seems to impact 
embryo development.  Inclusion of ten good 
quality companion feline embryos in 20µl 
microdroplets (2µl/embryo) improved blastocyst 
formation compared to individually cultured 
embryos (Spindler et al., 2006).  Similarly, in a 
separate experiment, single cat embryos co-
incubated with better- or equal-quality 
companions had better development and more 
cells per embryo (74.9 ±  16.9 and 40.6 ±  8.8, 
respectively) than test embryos co-incubated 
with lesser-quality companions (5.1 ±  1.4) or 
alone (8.4 ± 3.7).  Intermediate-quality embryos 
incubated with older companions had more cells 
per embryo (88.3 ± 17.0) than those incubated 
with synchronous (49.3 ± 12.1) or younger (29.4 
± 6.1) embryos.  The cell number for solitary 
embryos (9.8 ± 3.1) was significantly less than 
that for every group of test embryos incubated 
with companions, regardless of age.   
 
Interestingly, the advantage of group culture was 
further demonstrated by using embryos from 
other species to enhance development.  Groups 
of twenty mouse embryos or ten cow embryos 
cultured with individual feline embryos 
significantly improved blastocyst formation and 
higher cell number (Spindler et al., 2006).  In 
addition to supporting the benefits of group 
culture, this suggests potential embryotrophic 
factors may not be species-specific. 
 
Mono-ovulatory 
In a complex multi-factorial experiment 
addressing culture of  sheep embryos in vitro, it 
was demonstrated, among other findings, that 
grouping of embryos improved overall embryo 
development,  though specific improvements 
were media-dependent (Gardner et al., 1994).  
Compared to individual or double embryo 
groups, a group of four embryos in a 20µl 
microdroplet showed improved rates of 
blastocyst hatching in media which had been 
modified to exclude either amino acids or 
vitamins.  Additionally, in the presence of amino 
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acids, increasing the embryo density 
significantly increased resulting blastocyst cell 
numbers. 
Several other studies have similarly shown the 
benefit of group culture in the cow compared to 
individual culture.  For example, Donnay et al. 
(1997) showed that for bovine embryos cultured 
in 20µl microdroplets, no blastocysts were 
obtained for single embryos (20µl/embryo). A 
slightly higher blastocyst formation rate of 6% 
was obtained for groups of three to six embryos 
(6.7-3.3µl/embryo), and a significantly higher 
blastocyst formation rate of 23% was obtained 
for groups of twenty embryos (1µl/embryo). 
 
Similarly, single bovine two-cell embryos grown 
in 25µl yielded significantly lower rates of 
blastocyst formation compared to groups of five 
embryos (28% vs. 41%) (Keefer et al., 1994).  
Additionally, single eight-cell embryos in 25µl 
also yielded fewer blastocysts compared to 
groups of five embryos (42% vs. 70%).  
Interestingly, lowering the volume to 5µl and 
culturing the eight-cell embryos individually to 
yield equivalent embryo density as five embryos 
per 25µl (i.e. 5µl/embryo) did not result in 
equivalent rates of development, with 
individually cultured embryos yielding 
significantly lower rates of blastocyst formation 
(Keefer et al., 1994).    
 
In agreement with these prior studies on benefits 
of group culture in the cow, Ferry et al. (1994) 
compared one, four or forty zygotes cultured in 
40µl microdroplets, and demonstrated that both 
cleavage development on Day 2 and blastocyst 
formation on Day 8 were higher when embryos 
were cultured in groups compared to those 
cultured individually, with forty embryos yielding 
the highest success rates (5µl/embryo).  
Khurana and Niemann (2000) demonstrated that 
grouping forty fertilized bovine oocytes in 500µl 
of media  yielded superior development 
compared to groups of twenty embryos in the 
same volume (12.5µl/embryo vs. 25µl/embryo).   
Similar results have been reported for groups of 
up to twenty bovine embryos compared to 
individual culture (O'Doherty et al., 1997) and, 
more recently, culture of bovine embryos in 
larger groups has yielded better development 
than those cultured individually.  Specifically, 
Nagao et al. (2008) demonstrated that groups of 
twenty five, fifty and one hundred embryos in 
50µl (2µl/embryo, 1µl/embryo and 0.5µl/embryo 
respectively) yielded higher rates of blastocyst 
formation and cells numbers compared to 

groups of one, five and ten  embryos 
(50µl/embryo, 10µl/embryo, 5µl/embryo 
respectively).  Interestingly, a very high embryo 
density of two hundred and fifty embryos 
(0.2µl/embryo) also yielded poorer blastocyst 
formation and cell numbers, indicating that there 
is a threshold for group culture and embryo 
density, beyond which development appears to 
be compromised. 
 
In another study, Larson and Kubisch (1999) 
demonstrated that by keeping a constant 
embryo density of 5µl/embryo, fertilized bovine 
oocytes cultured in groups of up to five yielded 
higher rates of blastocyst formation when 
compared to those cultured individually.  
Furthermore, after 7 days of culture, the rates of 
embryos developing to the blastocyst stage 
were significantly higher in group cultures of 
more than three embryos/microdroplet than for 
embryo culture of one or two 
embryos/microdroplet.  Also, grouping forty 8-
cell bovine embryos in 25µl microdroplets 
(0.625µl/embryo) yielded significantly higher 
rates of blastocyst formation, hatching and cell 
numbers compared to those cultured 
individually. 
 
Embryo spacing in poly- and mono-
ovulatory 
A more recent study has looked at embryo 
spacing, using in vitro- and in vivo-derived  pig 
embryos (Stokes et al., 2005).  This study 
examined the concept that there might be an 
effective ‘zone’ surrounding an individual 
embryo, where the circumference of this zone is 
limited, measurable, and where positive factors 
might concentrate.  Individual embryos were 
secured at discreet distances from each other in 
a grid formation with a non-toxic adhesive, within 
a single 20µl microdroplet of medium.  The 
endpoints for embryo development were the 
proportion of blastocysts, cell numbers (both 
inner cell mass and trophectoderm cells), and 
volume of the blastocysts.  In vitro-derived 
embryos developed best when the distance 
between each embryo was 81-160µm, and 
embryos failed to reach blastocyst stages when 
the distance exceeded 640µm.  In vivo-derived 
embryos developed to the blastocyst stage, 
individually or in groups, and were less sensitive 
to the culture distance effect; however there 
appeared to be a slight benefit with regard to 
time to blastocyst formation and maintaining 
distance between embryos below 481µm.  
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In another study looking at bovine embryo 
spacing, embryos were again secured at 
measurable, discreet distances in grid formation 
within microdroplets under oil (Gopichandran 
and Leese, 2006).  The distance between 
embryos had a significant impact on 
development, where optimal development 
occurred when the spacing was no greater than 
165μm and the beneficial effect diminished with 
increasing distance.  After spacing of more than 
540μm, no blastocysts were formed.  Metabolic 
indicators (glucose uptake, pyruvate uptake, and 
lactate production) paralleled developmental 
data, where increasing distance between 
embryos decreased metabolic efficiency.  A 
similar study using varying sized mesh inserted 
into the bottom of Petri dishes has also 
demonstrated that the size of the “zone” created 
around embryos may be important, and thus, 
embryo spacing if using group culture.  When 
grids sizes of the mesh were too large, bovine 
embryo development was decreased.  Indeed, 
use of a 217µm mesh size (embryo spacing of 
∼177µm) yielded increased blastocyst cell 
number compared with controls or embryos 
cultured in larger 230µm or 238µm mesh 
(Somfai et al., 2010).   
 
 
Group versus individual culture - human 
While detailed analysis on factors such as 
embryo density, spacing, or identification of 
zones created around human embryos is largely 
lacking, studies exist that indicate these 
variables may influence embryo development 
(Ali, 2004) and there is a limited pool of literature 
indicating beneficial effects of group embryo 
culture.  Analyzing data from fifty-five patients 
who had their embryos cultured individually and 
in groups, Moessner and Dodson (1995) 
showed that grouping embryos significantly 
enhanced cleavage rates but not morphology 
grade as compared with embryos grown 
individually.  Furthermore, group size correlated 
positively with cell number but not the 
morphology grade.  In a separate study, ninety-
one patients had their embryos either cultured 
individually or in groups (Almagor et al., 1996).  
Communal growth of embryos resulted in 
significantly improved pregnancy rates, with 
embryos grown in groups producing a 43% 
pregnancy rate per transfer, compared to a 24% 
pregnancy rate for embryos that were cultured 
individually.  Although there were several 
limitations to this study, including patient 

variability, it does suggest group culture may be 
beneficial in the human. 
 
More recently, better designed studies have 
been performed in the human to examine effects 
of group culture.  Rebollar-Lazaro and Matson 
(2010)  retrospectively analyzed patients who 
had embryos cultured from Day 1 to Day 3 in 
15μl microdroplets, either individually 
(15µl/embryo)  or in groups of three to five 
embryos (5µl/embryo to 3µl/embryo). All 
embryos were subsequently cultured individually 
from Day 3 onwards  to permit individual 
selection for blastocyst transfer.  This approach 
permitted examination to determine if benefits of 
group culture were conveyed during early 
cleavage stage embryo development.  Culturing 
in groups for the first three days had no impact 
on pregnancy (42.1%) or implantation rates 
(41.6%) compared to those embryos cultured 
individually.  This is similar to a prior prospective 
report that indicated no benefit of group culture 
of human embryos prior to Day 2 or Day 3 
transfer (Spyropoulou et al., 1999).  However, 
when examining blastocyst quality, significantly 
more usable blastocysts were obtained from 
group cultured embryos in women aged under 
35 years, suggesting a potential benefit 
(Rebollar-Lazaro and Matson, 2011).  Whether 
this would be enhanced with group extended 
culture through to Day 6 remains to be shown. 
 
 
Finally, a recent prospective trial also 
demonstrated a benefit of group culture in 
human embryos (Ebner et al., 2011).  Seventy-
two patients had their embryos split between 
three treatment groups.  Sibling embryos from 
the same patient were cultured individually or in 
groups of four (with embryos physically 
separated, but able to share media), or in 
groups of three to five without physical 
separation.  Importantly, all treatments were 
included within the same culture dish to help 
control for variables.  The microdroplet volume 
was fixed at 30μl for each treatment.  On Day 3, 
media was refreshed, but embryo treatments 
were maintained until Day 5 or 6.  Group culture 
of embryos without physical separation resulted 
in greater rates of compaction on Day 4 and 
blastocyst formation on Day 5 compared to 
group culture with physical separation and 
embryos cultured individually. Groups of three 
(10µl/embryo), four (7.5µl/embryo) and five 
(6µl/embryo) embryos yielded similar results, 
and no differences in clinical pregnancy were 
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observed between groups.  This indicates that 
extended group culture of embryos may be 
beneficial for human pre-implantation embryo 
development, and that physical contact or 
proximity of embryos seems to be an important 
factor. 
 
Conclusion 
Without question, embryos can modify their 
surrounding environment by creating localized 
zones of secreted and depleted factors.  This is 
true regardless of one’s particular preference for 
group or individual culture.  The real question is 
whether these modifications of the local 
environment are beneficial or detrimental, and 
more specifically, whether the impact of these 
modifications is dependent upon culturing 
embryos in groups or individually.  Group culture 
may create varying gradients within the 
microdroplet compared to individual culture, but 
the overall question remains difficult to answer.  
An additional factor to consider is how long 
embryos should be maintained in the same 
microdroplet, since removal or addition of 
medium, or transfer of embryos to fresh 
medium, will inevitably disturb any gradients that 
have been formed. 
 
Quality of companion embryos in group culture 
may be important, alongside the microdroplet 
volume, since this impacts embryo density, as 
well as inter-embryo spacing.  Questions still 
remain as to whether ‘good’ quality embryos 
should be transferred into the same microdroplet 
as they develop, and whether there is an 
optimum embryo density or optimal spacing.  
Furthermore, this is also inherently impacted by 
the culture platform.  The surface area occupied 
by the culture media (set by the dish type and 
microdroplet volume) undoubtedly impacts 
localized gradients along with laboratory 
practices regarding how culture dishes are 
handled.  Agitation from moving dishes during 
observation may disrupt localized gradients, and 
the amount of agitation may be influenced by the 
shape of the culture area and volume as well.   
Development of novel dynamic culture devices 
that purposely agitate media may offer a unique 
tool to help control for these variables and help 
determine benefits of culturing embryos in 
groups or individually.  
 
Though questions remain as to the specific 
mechanisms, in attempting to determine which 
culture approach offers superior embryo 
development, one simply needs to refer to the 

numerous published reports from model 
species, as well as the human.  It would 
certainly seem that group culture appears to be 
the better route compared to individual culture 
for the majority of species = studied.  At the 
least, group culture hasn’t been shown to be 
detrimental to any large extent, so the potential 
downside of the approach appears minor.  
However, a definitive answer ideally requires an 
analysis of the cumulative clinical pregnancy 
rates following a multicentre prospective 
randomized controlled trial that compares group 
culture to individual culture using a fixed 
microdroplet volume and with elective single 
embryo transfer to ensure traceability. 
 
Unfortunately, in trying to achieve a decisive 
verdict on the issue of group versus individual 
culture, for the present it seems the best we may 
achieve at this point is a “hung jury”.  It may be 
hard for a laboratory that uses individual culture 
to adopt group culture approaches if it achieves 
higher success rates than those published with 
the group approach.  However, based on the 
literature, it is recommended those laboratories 
resistant to adopting group culture approaches 
perform comparative studies to see if they can 
indeed improve upon their current rates using 
individual culture. 
 
Interestingly, with emerging culture devices, it 
may be feasible to gain benefits of both group 
culture approaches and individual culture (Swain 
and Smith, 2011).  Platforms have been 
designed that now allow isolation of individual 
embryos for rapid identification/selection, in a 
manner that appears to promote formation of 
localized microenvironments, but with access to 
a larger media reservoir and potential cross-
communication with companion embryos.  With 
further modifications of these designs and 
emerging sensitive technology, perhaps these 
novel platforms will permit intermittent sampling 
of the individually housed embryos in the 
continued attempt to evaluate non-invasive 
predictors, such as metabolomic profiling.  
 
Perhaps more importantly, identification of the 
factors that are secreted from and depleted by 
embryos is paramount in attempting to 
completely resolve the debate on group versus 
individual culture.  If we can quantify the 
environment, we can then begin to determine 
how group or individual culture impacts on the 
surround media and perhaps determine which 
approach is most useful.  If the benefit of group 
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culture is the paracrine effect of embryotrophic 
factors, addition of these factors to media may 
permit individual embryo culture to perform 
similarly to the apparent improvement offered by 
group embryo culture.  Though discussion of 
specific compounds secreted by embryos and 
supplementation of various factors that have 
been identified and studied to date is beyond the 
scope of this review, certainly this is an active 
area of research and progress is apparent. 
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