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Abstract
Background: Previously manual human embryology in many in vitro fertilization (IVF) centers is rapidly being
replaced by closed embryo incubation systems with time-lapse imaging. Whether such systems perform
comparably to manual embryology in different IVF patient populations has, however, never before been
investigated.
We, therefore, prospectively compared embryo quality following closed system culture with time-lapse
photography (EmbryoScope™) and standard embryology.
We performed a two-part prospectively randomized study in IVF (clinical trial # NCT92256309). Part A involved 31 infertile
poor prognosis patients prospectively randomized to EmbryoScope™ and standard embryology. Part B involved embryos
from 17 egg donor-recipient cycles resulting in large egg/embryo numbers,
thus permitting prospectively alternative embryo assignments to EmbryoScope™ and standard embryology.
We then compared pregnancy rates and embryo quality on day-3 after fertilization and embryologist time utilized per
processed embryo.
Results: Part A revealed in poor prognosis patients no differences in day-3 embryo scores, implantation and clinical
pregnancy rates between EmbryoScope™ and standard embryology. The EmbryoScope™, however, more than doubled
embryology staff time (P < 0.0001). In Part B, embryos grown in the EmbyoScope™ demonstrated significantly poorer
day-3 quality (depending on embryo parameter between P = 0.005 and P = 0.01). Suspicion that conical culture dishes of
the EmbryoScope™ (EmbryoSlide™) may be the cause was disproven when standard culture dishes demonstrated no
outcome difference in standard incubation.
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Conclusions: Though due to small patient numbers preliminary, this study raises concerns about the mostly
uncontrolled introduction of closed incubation systems with time lapse imaging into routine clinical embryology.
Appropriately designed and powered prospectively randomized studies appear urgently needed in well-defined patient
populations before the uncontrolled utilization of these instruments further expands.
Trial registration: NCT02246309 Registered September 18, 2014.
Keywords: In vitro fertilization (IVF), Time laps photography, Closed incubation systems, Embryology, Embryo quality,
Cost-effectiveness

Background
Since its inception, improvements in the embryology laboratory have been a consisten goal of in vitro
fertilization (IVF). Over the years this has led to significant changes in how human embryos are processed:
New culture media have been introduced [1, 2]; length
of embryo culture has in many IVF centers changed
from 2–3 days to 5–6 days) [3, 4]; and culture at reduced oxygen tension has been reported to improve embryo development and clinical pregnancy rates [5, 6].
Increasingly, there has also been talk in recent years
about automating embryology, whether to improve quality or cost effectiveness [7–9].
It, therefore, was no surprise when in recent years a
series of automated closed incubation systems became
commercially available. They offered the additional
benefit of allowing consistent observation of embryo development via time-lapse imaging (TLI), without need of
opening incubator doors, reported to be detrimental to
embryos [10, 11].
By minimizing environmental fluctuations in
temperature, pH and humidity, supporters of such
closed incubation systems have argued that embryo
quality would be improved and, therefore, clinical outcomes. They also suggested that continuous time-lapse
documentation of embryo development would improve
embryo selection and, thereby, further improve pregnancy chances [12–16]. These instrumentations, however, entered the market place without clinical validation
for either claim. Till today it, therefore, is unknown
whether embryos from different patient populations (ie,
good vs. poor prognosis or younger vs, older patients)
are affected differently by such culture systems.
In traditional embryology, embryo selection is performed manually and individually, trying to remove embryos from controlled incubation only as rarely as
possible. Embryo assessment is, therefore, dependent on
experience and training of embryologists, and will vary [8].
Time-lapse imaging (TLI) systems, in contrast, offer
computer assisted, objective and non-invasive embryo
assessments. Continuous recording of all key developmental events, at least hypothetically, allows for improved embryo selection based on observations, which

would be missed by manual embryology. They, therefore,
have been alleged to improve embryo selection and clinical pregnancy chances [17]. Several studies have claimed
early timing events to be predictive of blastocyst formation [12, 18, 19], implantation [20, 21] and pregnancy
[20, 22]. Currently available data appear, however, insufficient to support the conclusion that TLI systems, indeed, are helpful enough in embryo selection to improve
IVF cycle outcomes [11].
Several recent studies of TLI systems failed to achieve
improvements in embryo quality and other clinical outcomes [23–26]. Park et al., indeed, reported a significant
increase in miscarriages after TLI [26].
Most so far reported studies of TLI have been anecdotal and uncontrolled. To the best of our knowledge,
only two prospectively randomized studies have so far
been reported [27, 28], one in very good prognosis patients reporting a marginal benefit for TLI [27] and the
other [28] reporting no difference to standard embryology. Three systematic reviews also concluded that
there was no outcome benefit from TLI [11, 29, 30].
Moreover, IVF interventions that may be successful in
good prognosis patients, may lack benefits in other patient populations, like average-prognosis patients, and
have been demonstrated to be actually detrimental to
outcomes in poor-prognosis patients [31].
We, therefore, in this study attempted to asses the
clinical value of a TLI system in two distinct patient
populations: We, first, prospectively investigates a group
of poor-prognosis patients by randomizing them to TLI
and standard embryology. Secondly, we, however, investigated a group of egg donors as best-prognosis patients.
As this study will demonstrate, TLI systems in human
embryology laboratories requires careful evaluation before further integration into routine human IVF practice
since their effectiveness appears to be patientdependent.

Methods
Institutional review board (IRB)

Since the EmbryoScope™ was approved by The Food and
Drug Administration (FDA) for use in human embryology laboratories, and has been integrated into routine
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embryology practice in many IVF centers, here reported
clinical trial (clinical trial registration # NCT02256309,
available at http://www.ClinicalTrials.gov) represented a
prospective clinical comparison of two standard embryology practices in IVF, and was, therefore, approved by
our center’s IRB by expedited review. Patients signed an
appropriate informed consent.
Primary and secondary outcome measures

Primary outcome was clinical pregnancy rate per IVF
cycle start, with a clinical pregnancy being defined as a
pregnancy visualized by ultrasound and demonstrating a
normal fetal heart rate. Secondary outcomes were embryologist time spent per embryo observation and embryo
quality.
Patient selection and randomization

Here reported study was restricted to 3.5 months beween December 2014 and March 2015, the time period
our center (Center for Human Reproduction in New
York City) was offered free use of an EmbroScope™ by
the manufacturere. A follow-up study, which attempted
to determine potential causes for observed findings in
Part B of the study, was carried out between April and
June, 2015.
Part A of the study was an open-label prospectively
randomized clinical trial, offered during the study period
to consecutive patients undergoing autologous IVF
(+ICSI) cycles. The primary study outcome was clinical
pregnany. Anticipation was to recruit approximately 30
patients per month, resulting in a study population for
randomization of ca. 100 patients. We initiated the study
as a pilot study since power analysis suggested that the
expected patient number to detect at least 20 % difference in clinical pregnancy rates would, likely, be insufficient. Our hope was that the manufacturer might extend
our access to the equipment beyond 3 months to reach
required numbers for statistical power. Power analyses
of secondary outcomes, including embryo parameters,
and time analysis of embryologists, suggested need for
fewer patients/ cycles to reach statistically valuable information. We, therefore, assumed that without extended
availability of the instrument, we still should be able to
assess potentially important secondary outcomes with
adequate statistical power.
Figure 1 summarized the CONSORT flowchart for this
trial: In part A of the trial 134 patients were offered participatation during the study period. To our surprise
only 49 qualified and/or consented to participate by informed consent. Computer randomization to either TLI
or standard embryology was the responsibility of a member of the center’s Statistics Section (SKD) who was
completely disassociated from the patient’s IVF cycle.
The designation was then reported to the embryology
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staff, which processed the patient’s oocytes/embryos
accordingly.
Related to our center’s adverse patient selection, the final
number of women undergoing randomization for part A was
only 31 (Panel a) after exclusion of other patients. Table 1
demonstrates that, based on age and/or functional ovarian
reserve parameters (FSH and AMH), they, indeed, were
poor-prognosis patients. As such, they also, as expected, produced relative small oocyte and embryo numbers, prohibiting inter-embryo randomization, and mandating transfer of
all transferrable embryos. Panel b describes part B of the
study, where embryos in donor recipient cycles were
randomized prospectively rather than patients.
Such inter-embryo randomization among individual patients is, however, possible in young egg donors, who routinely produce large oocyte and embryo numbers. In Part
B of this study, we, therefore, separated during the study
period egg donor cycles from autologous IVF cycle. Moreover, egg donors were not randomized but, within each
donor egg cycle, alternating embryos were either assigned
to TLI or standard embryology. This part of the study,
thus, prospectively assigned 76 embryos from 7 oocyte
donor/recipient cycles (CONSORT flow chart in Fig. 1b),
and the assignment was done in non-blinded fashion by a
senior embryologist. Table 2 summarizes patient characteristics of Part 2 patients (oocyte donors).

Assessment of the EmbryoSlide™

Since results of Part B of the study suggested significant
outcome differences between TLI and standard embryology, we wanted to determine whether the conical culture dish in the EmbryoScope™ (EmbryoSlide™) might be
the culprit. The hypothesis was that embryos may be
incubating at the bottom of the conical well, surrounded
by excretion products, which might adversely affect
embryo quality.
The assessment of this hypothesis was no longer
dependent on availability of the EmbryoScope™. This
study was, therefore, extended by approximately 3
months to determine whether the conical form of the
EmbryoSlide™ was, indeed, the culprit. We had purchased excessive numbers of EmbryoSlides™ for the clinical trial of the EmbryoScope™, which now were used
prospectively. Ten additional donor-recipient cycles (132
embryos) were utilized to culture embryos in standard
incubators, alternating in EmbryoSlides™ and flat standard culture dishes, our center routinely uses.
Our center implements changes in the embryology
laboratory’s routine only very cautiously. Before implementing a change, the laboratory’s routine is compared
prospectively to the potentially new product/procedure.
The center’s Institutional Review Board (IRB) does not require prior review of such comparisons if alternative
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Fig. 1 Consort flow diagram for the TLI culture randomized control trial (ClinicalTrials.gov NCT02256309)

products/procedures reflect standard of care and/or have
received approval from the Food and Drug Administration
since such investigations are considered part of the laboratory’s continous quality improvement program.
This part of the study, therefore, did not undergo IRB
review.
Patient stimulation and IVF procedure

All subjects underwent controlled ovarian hyperstimulation and oocyte maturation by human chorionic gonadotropin (hCG), followed by transvaginal ultrasoundguided oocyte retrieval. hCG was administered when
leading follicles reached 19–21 mm. Oocyte donors were
stimulated in a long gonadotropin releasing hormone
agonist cycle (GnRHa, Lupron, leuprolide acetate,
Takeda Pharmaceutical U.S.A Inc) with daily dosages of
150–300 I.U. of human menopausal gonadotropin
(hMG) from various manufacturers. In contrast, infertility patients were stimulated in microdose agonist cycles

(Lupron) with daily dosages of 450–600 I.U. of gonadotropins, typically in a majority (300–450 I.U.) administered as follicle stimulating hormone (FSH), and in a
minority (150I.U.) as hMG.
All media and reagents for IVF were purchased from
LifeGlobal (Guilford, CT, USA) unless indicated otherwise below. For blastocyst culture their Global®Total®
media was used. Oocyte-cumulus complexes (COCs)
were collected using transvaginal ultrasound guided follicle punctures in mHTF, containing 6 % human serum
albumin (HSA). Before ICSI, COCs were cultured in
HTF, containing 10 % HSA in an organ dish (Falcon,
VWR, NJ, USA). After removal of cumulus by 30 s of
hyaluronidase treatment, oocytes were assessed according to morphology. Oocytes with obvious first polar
body (1st Pb) were identified as mature (MII), and used
for ICSI. ICSI was performed under an inverted microscope (Olympus, Japan) within six hours of oocyte retrieval in mHTF, containing 6 % HAS.

Table 1 Patient and cycle characteristics of study Part A
IVF information and characteristics
Average age (years)

EmbryoScopeTM (N = 16)

Standard (N = 15)

P value

38.8 ± 1.0

40.4 ± 1.8

0.65

Average serum FSH (mIU/ml)

9.2 ± 1.2

10.8 ± 1.6

0.46

Average serum AMH (ng/ml)

1.1 ± 0.5

0.9 ± 0.3

0.74

Number of oocytes/patient (n)

5.3 ± 0.9

4.4 ± 0.7

0.52

N number of patients
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Table 2 Patient (oocyte donors) and cycle characteristics of study Part B
IVF information and characteristics
Average age (years)

EmbryoScopeTM vs. Standard (N = 7)

EmbryoSlideTM vs. Standard dish (N = 10)

27.8 ± 1.4

26 ± 0.9

Average serum AMH (ng/ml)

4.3 ± 1.1

6.1 ± 0.9

Number of oocytes/donor (n)

17.3 ± 2.8

19.3 ± 1.8

N number of patients

Embryo culture
Standard embryology

For the standard embryo culture group, oocytes after
ICSI were washed in blastocyst medium containing 10 %
HSA, and then transferred to pre-equilibrated culture
dish (Thermo, Oskilde, Denmark), with 20 μl droplets of
blastocyst medium containing 10 % HSA under light oil.
The embryos were cultured until transfer in a standard
incubator (Panasonic, Japan) at 37 °C, 5 % CO2 and
90 % N2 for 3 days. The embryos were taken out of the
incubator at 16–18 h post injection for fertilization
check, at 40–42 h post ICSI for early cleavage evaluation, and at 64–66 h post ICSI for quality assessment of
transfer and cryopreservation. The time used for each
check and assessment was recorded.
TLI embryology

For TLI embryo culture group (EmbryoScopeTM), oocytes were washed in the same way as described above
for the standard embryology group. We utilized in this
study the EmbryoScopeTM (Vitrolife, Göteborg, Sweden),
a commercial, FDA-approved TLI system. It is made up
of an incubator with a built-in microscope, which acquires images of cultured embryos continuously. In this
study, we acquired images every 10 min at seven focal
planes.
Pre-equilibrated embryo culture dishes (EmbryoSlide™,
Vitrolife, Göteburg, Sweden) were used in conjuction
with the EmbryoScopeTM, which were prepared by following the manufacturer’s instruction. Briefly, each well
contained 25 μl of Blastocyst medium containing 10 %
HAS, and the whole dish was covered with 1.5 ml of light
oil. After ICSI, individual oocytes were loaded to the center
of the well and cultured in the EmbryoScopeTM at 37 °C,
5 % CO2, %5 O2 and 90 % N2 atmosphere for 3 days until
transfer. The images taken by the TLI were reviewed at
16–18 h post injection for fertilization check, at 40–42 h
post ICSI for early cleavage evaluation, and at 64–66 h
post ICSI for embryo quality assessment for embryo transfer and cryopreservation. The embryology staff time used
for each check and assessment was recorded.
Assessment of embryology staff time

The time embryologists used on either embryology
method was timed by a standard lab timer. For standard

culture, timing was taken from when a culture dish was
removed from the incubator until the dish was returned
back into the incubator. For TLI culture, timing was
started when the embryologist began to check a first embryo’s morphology and discontinued with completion of
the last embryo’s check. To avoid the subjective difference of different observers, all embryo checking/selection and time recording were performed only by one
embryologist.
Comparison of standard embryo culture dish and
EmbryoSlide™

Oocytes were loaded as described above. Comparing out
center’s standard culture dish to EmbryoSlide™, both were
prepared as described before, were and injected and were
cultured in a standard incubator at 37 °C, 5 % CO2 and
90 % N2 atmosphere for 3 days until transfer. Embryos in
both dishes were taken out of the incubator at 16–18 h
post injection for fertilization check, at 40–42 h post ICSI
for early cleavage evaluation, and at 64–66 h post ICSI for
embryo quality assessment for embryo transfer and
cryopreservation.
Embryo assessment and selection on day 3

For all groups of embryo in this study, morphological
assessments and selection for embryo transfer were performed at the same time point (64–66 h post ICSI) and
using the same criteria. Additional information from TLI
was not considered for embryo assessment and selection.
On day 3, at 64–66 h post ICSI, embryos were
scored according to blastomere numbers, size and
amount of fragmentation. Embryos of Grade A (high
quality) had ≥ 8 blastomeres with equal size, <10 %
fragmentation or slightly unequal size and no fragmentation; Embryos of Grade B (fair quality) had ≥ 6
blastomeres with equal size, <25 % fragmentation or
slightly unequal size and <10 % fragmentation; Embryos of Grade C (poor quality) had > 25 % fragmentation or blastomeres with severely unequal size.
Examples for embryo grading criteria are demonstrated in Fig. 2. Embryos of grade A and B were
considered suitable for transfer or cryopreservation.
All embryo transfers were carried out on day-3, within
2 h from the embryo quality assessment. Panels a and b
(Grade A) demonstrate best quality embryos; Panels c
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Fig. 2 Grades for human embryo of day 3 cultured in vitro. Panels a and b (Grade A) demonstrate best quality embryos; Panels c and d depict
intermediate grade embryos (Grade B); and Panels e and f show worst grade embryos (Grade C)

and d depict intermediate grade embryos (Grade B); and
Panels e and f show worst grade embryos (Grade C).
Statistical analysis

All statistical analyses were performed using Prism software (GraphPad Prism 6.0, GraphPad Software. Inc, CA,
USA). The unpaired t-test with Welch’s correction was
used for all statistical comparisons. Data in all tables are
shown as value ± SEM. Values were considered statistically significant at P < 0.05.

Results
Part A: TLI system vs. standard embryo culture system
system in infertile women
Patient comparisons

Randomization of 31 infertile patients resulted in 16 patients
going through TLI and 15 through standard embryology
(Fig. 1a). Patient and IVF cycle characteristics involved in
this study are summarized in Tables 1 and 2: Mean age in
the EmbryoScopeTM group (38.8 ± 1.0 years) was nonsignificantly lower than in the standard embryology group
(40.4 ± 1.8 years). Similarly, FSH, AMH and number of
retrieved oocytes (5.3 ± 0.9 vs. 4.4 ± 0.7) did not differ,
suggesting a credible randomization process.
Pregnancy rates

A total of 44 fertilized oocytes from 16 patients were
cultured in the EmbryoScopeTM, and 42 fertilized

oocytes from 15 patients were cultured in standard
incubators. Embryo numbers per patient cultured in
EmbryoScopeTM and standard incubators were similar
(2.7 ± 0.4 vs. 2.8 ± 0.4). No differences were also noted
in number of good quality embryos, defined as Grade
A on day 3 (1.2 ± 0.3 vs. 1.2 ± 0.2), fair quality embryos, Grade B on day 3 (0.9 ± 0.2 vs. 0.9 ± 0.3) and
poor quality embryos (Grade C on day 3; 0.4 ± 0.2 vs.
0.6 ± 0.2) (Table. 3). The clinical pregnancy rate per
randomized patient was 18.8 % in the EmbryoScopeTM group and 20.0 % in the standard embryology
group, and implantation rates were 9.7 and 11.5 %,
respectively. Considering the adverse selection of patients in Part A, these IVF cycle outcomes have in
both groups to be considered as respectable, though
not remarkable.
In a population of relative poor prognosis patients,
embryos cultured in a TLI system and by standard embryology up to day-3, thus, demonstrated similar development and similar implantation as well as clinical
pregnancy rates. The small number of investigated patients, however, does not preclude the possibility of a
type 2 error. In other words, this study does not preclude the possibility that a larger patient population
might demonstrate significant differences between TLI
and standard embryology. It in this context is important
to note that all non-significantly different outcomes did
trend in favor of standard embryology.
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Table 3 Outcome comparisons in study Part A
P value

Embryo development and outcomes

EmbryoScopeTM (N = 16)

Standard (N = 15)

Number of Total embryos per patient (n)

2.7 ± 0.4

2.8 ± 0.4

0.93

Number of Grade A embryos per patient (n)

1.2 ± 0.3

1.2 ± 0.2

>1.0

Number of Grade B embryos per patient (n)

0.9 ± 0.2

0.9 ± 0.3

>1.0

Number of Grade C embryos patient (n)

0.4 ± 0.2

0.6 ± 0.2

0.99

Pregnancy rate (%)

18.8

20.0

>1.0

Implantation rate (%)

9.7

11.5

>1.0

Since this study involved poor prognosis patients, all transferrable embryos obtained in a cycle were transferred
N number of patients

Time study

Table 4 demonstrates that, in contrast to clinical outcomes, staff time both embryo culture systems required,
significantly differed: The EmbryoScopeTM more than
doubled the required transaction time (301.2 ± 80.8 s)
per embryo compared to standard embryology (137.6 ±
2.7 s; P < 0.0001).

an open incubator between EmbryoSlide™ (n = 68) and
our center’s standard culture dish (n = 64).
Table 6 demonstrates no difference in embryo quality
between both culture dishes. These findings suggest that
differences in embryo quality between the EmbryoScope™
and standard embryology in Part B was not caused by variations in embryo culture dishes between the two systems
but, likely, reflected the culture environment of the
EmbryoScope™.

Part B. TLI system vs. standard embryo culture system in
young oocyte donors

Table 5 summarizes embryo grades of 7 oocyte donors
whoes oocytes/embryos were randomly assigned to either the EmbryoScope™ or to the center’s standard embryology. Among 36 embryos cultured in the EmbryoScopeTM,
55.8 ± 6.4 % were of grade A, a significantly lower percentage than achieved with standard culture (81.2 ± 4.1 % of 40;
P = 0.005). Moreover, there were more grade B embryos in
the EmbryoScopeTM than in the standard embryology
group (36.8 ± 8.5 vs. 7.4 ± 4.1 %, P = 0.01), while numbers of
embryos with poor quality (grade C, not suitable for transfer or cryopreservation) were similar (7.3 ± 5.7 vs. 11.0 ±
4.7 %, P = 0.62).
These findings suggest that, though the total number
of usable embryos (Grade A + Grade B) was not affected
by the two culture systems, standard embryo culture
generated significantly better culture results since approximately 25 % of all embryos in the EmbryoScopeTM
system ended up one grade below those handeled in
standard embryology.
Part B did not allow for evaluation of pregnancy rates
because patients were transferred good quality embryos
in combination from both culture systems.

Investigation id EmbryoSlide™

Suspecting the conical shape of the culture dishes
(EmbryoSlide™) to be the reason for the inferior performance of the EmbryoScopeTM, we then prospectively
tested another 132 consecutively produced embryos
from 10 egg donor cycles by alternating them in standard embryo culture for 3 days (up to cleavage stage) in

Discussion
Universal efficacy and safety of embryo selection via
use of TLI embryo culture systems in human IVF laboratories has so far not been established [11]. Moreover, maybe even more importantly, whether these
closed culture systems are clinically equally effective
in different patient populations has never before been
investigated.
Embryos of good and poor prognosis or of younger
and older women are known to behave differently during
in vitro culture. The aim of this study was, therefore,
twofold: (i) to assess whether a TLI system achieves
similar IVF outcomes to standard manual embryology;
and (ii) whether the efficacy of a TLI system is the same
in better and poorer prognosis patients.
Our center does not change laboratory pratices
without prior assessments of non-inferiority and,
hopefully, determination of superiority. Before purchasing a closed incubation system, we, therefore,
contacted different manufacturers in attempts to perform a prospectively randomized pilot study to assess
how such a system would perform in our center’s
highly adversely selected patient population. Only
one, the manufacturer of the EmbryoScope™, graciously agreed to provide us with a loaner instrument
for a 3-months study period. Intarmural research
funds were used to pay for installation of the instrument, staff training and supply costs. The study only
commenced, once the manufacturer was confident
that our center’s embryology staff was competent in
using the instrument.
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Table 4 Comparison of embryologists’ time usage in study Part A
EmbryoScopeTM (N = 16; n = 44)

Standard (N = 15; n = 42)

Day 1 (fertilization check)

99.0 ± 34.1

49.8 ± 17.0

P < 0.0001

Day 2 (Cleavage check)

98.6 ± 32.2

47.8 ± 14.9

P < 0.0001

Time usage for embryo check per embryo (seconds)

P value

Day 3 (Selection for transfer)

103.6 ± 23.9

54.1 ± 17.9

P < 0.0001

Total

301.2 ± 80.8

137.6 ± 52.7

P < 0.0001

N number of patients, n number of embryos

Limited time availability of the system resticted the
number of patients we were able to investigate. Here
presented conclusions, therefore, should be considered
as preliminary, even though they in important aspects
are based on statistically significant results.

Prospective randomization of poor prognosis patients
(Part A)

Part A prospectively investigated randomized patients
with relatively poor prognosis between tradional embryology and the EmbryoScope™. When our investigation
was initiated, the instrument had been investigated in
only one RCT, involving very favorably selected patients
That study reported the instrument to marginally improve IVF outcomes (27). As effectiveness of some IVF
interventions differs between good-, intermediate- and
poor-prognosis patients [31], we felt the need to assess
its efficacy in our patient population before committing
to a purchase. Ages, FSH and AMH levels of here investigated patients (Table 1) reflect the poor outcome prognosis of our patients in comparison to the Spanish study
by Rubio et al. [27].
That in contrast to their study no outcome benefits
from the EmbryScope™ were seen in our investigation is,
therefore, noteworthy. Our findings may suggest that
closed incubation systems in different patient populations may demonstrate different degrees of efficacy. The
small size and, therefore, inadequate power of our study,
however, does not preclude a Type 2 error in failing to
demonstrate an outcome difference in Part A of this
study. Significant outcome differences may only become
apparent with larger patient numbers. Since observed
implantation and pregnancy rates actually trended toward traditional embryology (Table 3), a potential outcome benefit from the instrument over standard
embryology, however, appears unlikely.

No differences (ie, no improvements) in embryo development with TLI systems have been reported before
[19–21, 28–32]. One study, indeed, suggested increased
miscarriage rates with use of a TLI system [26]. As also
suggested by Racowsky et al. [11], whether TLI systems
really offer outcome benefits over standard embryology,
therefore, remains questionable,
Embryology staff time

In promotional efforts, manufactueres of TLI systems
also have claimed that these systems save embryology
staff time. In this first investigation of such a claim
claim, as Table 4 demonstrates, the EmbryoScope™ almost doubled embryo observation times in comparison
to standard embryology. Trying to determine the
cause(s), we discovered that the instrument required repeated adjustment of focus because initial monitor images were not as clear as with manual inverted
microscopy. Embryo scoring was also more challenging
since embryos tended to migrate toward the sides of
wells, as also reported by Park et al. [26]. The EmbryoScope™, thus, does not appear to save embryology staffing time, and, indeed, may increase staffing needs.
Randomization of embryos in best prognosis patients
(Part B)

Part B of this study was intended to assess the instrument in “best” prognosis patients. In using young oocyte
donors, large oocyte yields allowed open randomization
of embryos between EmbryoScope™ and standard embryology in place of patient randomization. In the previously noted Spanish RCT, oocyte donors represented
almost half of the patient population [27]. The intent,
therefore, was to investigate performance of the TLI system in best-prognosis patients, even exceeding the favorable patient selection of the Spanish study.
Table 6 Embryo quality after culture in EmbryoSlildes™ and
standard culture dishes in standard open system incubators

Table 5 Embryo quality comparison in study Part B
EmbryoScopeTM (n = 36)

Standard (n = 40)

P value

Grade A (%)

55.8 ± 6.4

81.2 ± 4.1

0.005

Grade A (%)

Grade B (%)

36.8 ± 8.5

7.7 ± 4.1

0.01

Grade C (%)

7.3 ± 5.7

11.0 ± 4.7

0.62

Embryo grades

N number of oocyte donors, n number of embryos

Embryo grades EmbryoSlide (n = 68) Standard dishe (n = 64) P value
79.7 ± 3.8

80.1 ± 2.4

0.83

Grade B (%)

9.8 ± 3.1

13.1 ± 3.8

0.44

Grade C (%)

10.3 ± 4.4

7.5 ± 3.0

0.61

N number of oocyte donors, n number of embryos
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Since based on the Spanish study we expected improvements in IVF outcomes, we were surprised to observe the opposite. We were further surprised by the
statistical power of observed outcome differences, even
though small numbers call for caution in interpretation:
Despite the relative small study size (Table 5), the
EmbryoScope™ produced significantly fewer Grade A
and, therefore, significantly more Grade B embryos than
standard embryology, suggesting a potentially negative
impact of the TLI system on embryo quality.
Observing these rather surprising results raised the question whether staff members operating the EmbryoScope™
had been sufficiently trained. We, therefore, reviewed embryology staffing records, and found that the embryologists
handling the instrument during Parts A and B of here reported study were exactly the same. Insufficient staff training, therefore, only unlikey explains the findings of this
study.
Our suspicion then fell on the culture dish of the
EmbryoScope™, called the EmbryoSlide™. It is a singleuse, sterile culture dish, especially designed for the
EmbryoScopeTM incubator. Each EmbryoSlide™ holds up
to 12 embryos, each cultured individually in droplets of
25 μl media. They, therefore, are cultured in relative low
density and not grouped together. In contrast, conventional dishes, as utilized at our center, culture up to 5
embryos in 50 μl droplets.
Higher embryo density group culture has been reported to benefit embryo development [16, 33], possibly
the consequence of one or more factors produced by
embryos, which can stimulate embryo development [34].
We, therefore, parallel cultured alternating donor embryos in EmbryoSlides™ and standard embryo culture
dishes in the same incubation environmentone (Table 6).
As the table demonstrates, this additional prospective
evaluation by day-3 of culture demonstrated no difference in embryo quality between both embryo culture
dishes. The EmbryoSlide™, therefore, apparently was not
the cause of our observation.
This left us with no established cause for our observation, and the conclusion that the incubation envrironment in the EmbryoScope™, likely, was inferior to our
center’s standard embryo culture environment. Such an
explanation is not farfetched: Several physical factors
can impact final embryo development during in vitro
culture, including incubation volume/embryo density,
temperature/pH and light as well as shear stress from
mechanical motion [34]. Even minimal changes in
temperature during culture (away from 37 °C) for short
time periods can result in unrecoverable damage by
hurting the stability of the oocye/embryo spindle [35,
36]. The pH of medium also plays a crucial role in embryo culture [34], while regulation of pH mostly relies
on the carbon dioxide (CO2) concentration.
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The user manual of the EmbryoScope™, notes that
the instrument is equipped with unique temperature
controls, characterized by direct heat transfer to
individual media-filled wells. Temperature is alleged
to be virtually unchanged by opening the chamber
(<0.2 °C) when adding or removing embryos. Recovery of CO2 concentrations is alleged to occur in less
than 5 min and of O2 in less than 15 min after closing of chamber. During this study, we. indeed, based
on the built-in monitoring software, did not note
temperature and/or CO2 concentration changes of
any significance.
It has been suggested that prolonged light exposure
required for time-lapse photography may negatively
affect embryos [14, 20, 37]. The EmbryoScopeTM,
however, uses long wave length light of lower intensities (red light, 635 nm) than the light used in our
embryology laboratory during standard embryo assessments under a microscope (15 % <550 nm). There
also are currently no experimental data in the literature to support any negative effects of greater light
exposure on embryos with use of the EmbryoScopeTM
[20, 26].
All of this leaves only one likely explanation for our
findings: The EmbryoScopeTM contains a microscope,
built into a compact incubator. During image capture,
the microscope is fixed, while the tray and culture
dish move slightly to focus each single well. Since in
our study, images were taken every 10 min, embryos
during three days of culture had to move at least 380
times. Though this embryo motion is very gentle and
mild, the impact of possible sheer stress cannot be
ruled out as a potential cause for observed declines
in embryo quality [34].
The effect may be statistically more apparent in
best prognosis patients because even a relative small
percentage loss in pregnancy in such a population
may be statistically more apparent. This also would
explain why the reported improvement in outcomes
in the Spanish study [27], which included only a little
less than half of best prognosis patients (ie, egg donors) was only marginal. If our here laid out assumptions are correct, had the Spanish study included
even more oocyte donors (ie, good prognosis patients), it too, may no longer have demonstrated marginally better IVF cycle outcomes with the TLI system
or might even have drifted into the negative.
Mouse models that investigated the effects of mechanical vibration induced shear stress on embryo development, demonstrating decreased morula and blastocyst
formation [38], caused by phosphorylating mitogenactivated protein kinase (MAPK) 8/9 [39]. Similar phosphorylation of MAPK 8/9 was never observed in control
embryo or in vivo cultured embryos.
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Conclusions
All of above noted considerations suggest that the most
likely explanation for the inferior performance of the
EmbryoScope™ in good prognosis donors is increased
exposure of embryos to shear stress. This is, however, as
of this point still a hypothesis, which requires experimental confirmation. If confirmed, this negative finding
may not be applicable to other TLI systems with different camera systems.
Because of its limited size, as already noted, here presented data have to be interpreted with caution. We also
have to acknowledge that we followed embryo outcomes
in this study only to cleavage-stage (day-3), while TLI
systems are primarily meant to be used to culture embryos to blastocyst stage (days 5/6). Though unlikely, it
is possible that TLI systems affect prolonged embryo
culture more favorably. Since blastocyst stage culture
really only benefits good prognosis patients [31] this, at
best represents only a double-edged-sword since the opposite may actually also be true, and benefits of a TLI
system by day-3 may be overestimated.
This study, however, clearly demonstrates the need for
larger, well designed prospectively randomized studies
before TLI systems are placed into human embryology
laboratories for routine IVF care. It is also important to
point out that here reported study results cannot be generalized since they reflect the quality of our center’s
manual embryology. Outcome comparisons with manual
embryology may obviously differ at different embryology
laboratories.
If properly maintained, likely the quintessential advantage of a TLI system is stability of its performance. Less
competent or less stable manual embryology may, therefore, indeed benefit from systems like the EmbryoScope™,
while superior manual embryology can, at least in good
prognosis patients, likely outperform TLI systems. A TLI
like the EmbryoScope™ may, thus, actually improve IVF
outcomes in programs with unstable embryology by stabilizing performance; yet, in a program with excellent embryology, effects may be the opposite.
In full disclosure, based on here reported study results,
our center for the time being is foregoing the purchase
of TLI systems.

Page 10 of 11

Funding
This study was funded by intramural funds from The Center for Human
Reproduction and by grants from The Foundation for Reproductive
Medicine. We also acknowledge the contribution of the company Vitrolife,
Göteborg, Sweden, which contributed a free EmbryoScope™ for the length
of here reported pilot studies, though CHR did pay for all necessary supplies
and an installation fee. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.
Availability of data and materials
Data is available by contacting Ms. Jolanta Tapper at jtapper@thechr.com.
Authors’ contributions
YGW, ELT, VAK, DHB, NG contributed to study design; YGW, ELT, Laboratory:
YGW, ELT, QW, LZ, DFA accumulated data; SKD performed statistical analyses;
YGW, DHB, VAK, DFA, NG interpreted data; YGW, NG wrote the initial
manuscript; VAK, DHB, DFA contributed to significant editorial revisions; NG
supervised the project; All authors read and approved the final manuscript.
Authors’ information
Not applicable.
Competing interests
NG, and DHB, are co-inventors on a number of pending and already awarded
U.S. patents claiming therapeutic benefits from androgen supplementation in
women with low functional ovarian reserve (LFOR) and relating to the FMR1
gene in a diagnostic function in female fertility. Both receive royalties from
Fertility Nutraceuticals, LLC, in which NG. also holds shares. NG, DHB and VAK.
also are co-inventors on a pending AMH-related patent application. They report
no other potential conflicts with here reported manuscript. All other authors
report no competing interests with here reported manuscript.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Since the EmbryoScope™ was approved by The Food and Drug
Administration (FDA) for use in human embryology laboratories, and has
been integrated into routine embryology practice in many IVF centers, here
reported clinical trial (clinical trial registration # NCT02256309, available at
http://www.ClinicalTrials.gov) represented a prospective clinical comparison
of two standard embryology practices in IVF, and was, therefore, approved
by Center for Human Reproduction’s Institutional Review Board by expedited
review. Patients signed an appropriate informed consent.
Author details
1
The Center for Human Reproduction, 21 East 69th Street, New York, NY
10021, USA. 2The Foundation for Reproductive Medicine, New York, NY
10021, USA. 3Department of Obstetrics and Gynecology, Albert Einstein
College of Medicine, Bronx, NY 10461, USA. 4Department of Obstetrics and
Gynecology, Wake Forest University, Winston Salem, NC 27106, USA.
5
Department of Molecular and Integrative Physiology, The University of
Kansas School of Medicine, Wichita, KS 64109, USA. 6Stem Cell Biology and
Molecular Embryology Laboratory, The Rockefeller University, New York, NY
10065, USA.
Received: 24 May 2016 Accepted: 4 August 2016

Abbreviations
AMH, anti-Müllerian hormone; COCs, oocyte-cumulus complexes; FDA,
Food and Drug Administration; FSH, follicle-stimulating hormone; GnRHa,
gonadotropin releasing hormone agonist; hCG, human chorionic gonadotopin;
hMG, human menopausal gonadotropin; HSA, human serum albumin; ICSI,
intracytoplasmic sperm injection; IRB, institutional review board; IVF, in vitro
fertilization; RCT, randomized controlled trial; SEM, standard error of the mean;
TLI, time-lapse imaging

Acknowledgment
Not applicable.

References
1. Gardner DK, Lane M. Culture and selection of viable blastocysts: a feasible
proposition for human IVF? Hum Reprod Update. 1997;3:367–82.
2. Summers MC, Biggers JD. Chemically defined media and the culture of
mammalian preimplantation embryos: historical perspective and current
issues. Human Reprod Update. 2003;9:557–82.
3. Marek D, Langley M, Gardner DK, Confer N, Doody KM, Doody KJ.
Introduction of blastocyst culture and transfer for all patients in an in vitro
fertilization program. Fertil Steril. 1999;72:1035–40.
4. Nilsson S, Waldenstrom U, Engstrom AB, Hellberg D. Promising results with
306 single blastocyst transfers. Fertil Steril. 2005;83:1849–51.

Wu et al. Reproductive Biology and Endocrinology (2016) 14:49

5.

6.
7.

8.

9.
10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Bontekoe S, Mantikou E, van Wely M, Seshadri S, Repping S, Mastenbroek S.
Low oxygen concentrations for embryo culture in assisted reproductive
technologies. Cochrane Database Syst Rev. 2012;7, CD008950.
Brison DR, Roberts SA, Kimber SJ. How should we assess the safety of IVF
technologies? Reprod Biomed Online. 2013;27:710–21.
Zhang JQ, Li XL, Peng Y, Guo X, Heng BC, Tong GQ. Reduction in exposure
of human embryos outside the incubator enhances embryo quality and
blastulation rate. Reprod Biomed Online. 2010;20:510–5.
Meseguer M, Kruhne U, Laursen S. Full in vitro fertilization laboratory
mechanization: toward robotic assisted reproduction? Fertil Steril.
2012;97:1277–86.
Vajta G, Rienzi L, Cobo A, Yovich J. Embryo culture: can we perform better
than nature? Reprod Biomed Online. 2012;20:453–69.
Armstrong S, Vail A, Mastenbroek S, Jordan V, Farquhar C. Time-lapse in the
IVF-lab: how should we assess potential benefit? Hum Reprod. 2015;30:3–8.
Racowsky C, Kovacs P, Martins WP. A critical appraisal of time-lapse imaging
for embryo selection: where are we and where do we need to go? J Assist
Reprod Genet. 2015;32:1025–30.
Kirkegaard K, Kesmodel US, Hindkjaer JJ, Ingerslev HJ. Time-lapse parameters as
predictors of blastocyst development and pregnancy outcome in embryos
from good prognosis patients: a prospective cohort study. Hum Reprod.
2013;28:2643–51.
Paternot G, Debrock S, De Neubourg D, D'Hooghe TM, Spiessens C.
Semi-automated morphometric analysis of human embryos can reveal
correlations between total embryo volume and clinical pregnancy.
Hum Reprod. 2013;28:627–33.
VerMilyea MD, Tan L, Anthony JT, Conaghan J, Ivani K, Gvakharia M, Boostanfar
R, Baker VL, Suraj V, Chen AA, et al. Computer-automated time-lapse analysis
results correlate with embryo implantation and clinical pregnancy: a blinded,
multi-centre study. Reprod Biomed Online. 2014;29:729–36.
Chawla M, Fakih M, Shunnar A, Bayram A, Hellani A, Perumal V, Divakaran J,
Budak E. Morphokinetic analysis of cleavage stage embryos and its
relationship to aneuploidy in a retrospective time-lapse imaging study.
J Assist Reprod Genet. 2015;32:69–75.
Milewski R, Kuc P, Kuczynska A, Stankiewicz B, Lukaszuk K, Kuczynski W. A
predictive model for blastocyst formation based on morphokinetic
parameters in time-lapse monitoring of embryo development. J Assist
Reprod Genet. 2015;32:571–9.
Meseguer M, Rubio I, Cruz M, Basile N, Marcos J, Requena A. Embryo
incubation and selection in a time-lapse monitoring system improves
pregnancy outcome compared with a standard incubator: a retrospective
cohort study. Fertil Steril. 2012;98:1481–9. e1410.
Wong CC, Loewke KE, Bossert NL, Behr B, De Jonge CJ, Baer TM, Reijo Pera
RA. Non-invasive imaging of human embryos before embryonic genome
activation predicts development to the blastocyst stage. Nat Biotechnol.
2010;28:1115–21.
Cruz M, Garrido N, Herrero J, Perez-Cano I, Munoz M, Meseguer M. Timing
of cell division in human cleavage-stage embryos is linked with blastocyst
formation and quality. Reprod Biomed Online. 2012;25:371–81.
Meseguer M, Herrero J, Tejera A, Hilligsoe KM, Ramsing NB, Remohi J. The
use of morphokinetics as a predictor of embryo implantation. Hum Reprod.
2011;26:2658–71.
Chamayou S, Patrizio P, Storaci G, Tomaselli V, Alecci C, Ragolia C, Crescenzo C,
Guglielmino A. The use of morphokinetic parameters to select all embryos
with full capacity to implant. J Assist Reprod Genet. 2013;30:703–10.
Lemmen JG, Agerholm I, Ziebe S. Kinetic markers of human embryo quality
using time-lapse recordings of IVF/ICSI-fertilized oocytes. Reprod Biomed
Online. 2008;17:385–91.
Nakahara T, Iwase A, Goto M, Harata T, Suzuki M, Ienaga M, Kobayashi H,
Takikawa S, Manabe S, Kikkawa F, et al. Evaluation of the safety of timelapse observations for human embryos. J Assist Reprod Genet. 2010;27:93–6.
Cruz M, Gadea B, Garrido N, Pedersen KS, Martinez M, Perez-Cano I, Munoz
M, Meseguer M. Embryo quality, blastocyst and ongoing pregnancy rates in
oocyte donation patients whose embryos were monitored by time-lapse
imaging. J Assist Reprod Genet. 2011;28:569–73.
Kirkegaard K, Hindkjaer JJ, Grondahl ML, Kesmodel US, Ingerslev HJ. A
randomized clinical trial comparing embryo culture in a conventional
incubator with a time-lapse incubator. J Assist Reprod Genet. 2012;29:565–72.
Park H, Bergh C, Selleskog U, Thurin-Kjellberg A, Lundin K. No benefit of
culturing embryos in a closed system compared with a conventional

Page 11 of 11

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

incubator in terms of number of good quality embryos: results from an RCT.
Hum Reprod. 2015;30:268–75.
Rubio I, Galan A, Larreategui Z, Ayerdi F, Bellver J, Herrero J, Meseguer M.
Clinical validation of embryo culture and selection by morphokinetic
analysis: a randomized, controlled trial of the EmbryoScope. Fertil Steril.
2014;102:1287–94. e1285.
Goodman LR, Goldberg J, Falcone T, Austin C, Desai N. Does the addition of
time-lapse morphokinetics in the selection of embryos for transfer improve
pregnancy rates? A randomized controlled trial. Fertil Steril. 2016;105:275–85.
Kaser DJ, Racowsky C. Clinical outcomes following selection of human
preimplantation embryos with time-lapse monitoring: a systematic review.
Hum Reprod Update. 2014;20:617–31.
Armstrong S, Arroll N, Cree LM, Jordan V, Farquhar C. Time-lapse systems for
embryo incubation and assessment in assisted reproduction. Cochrane
Database Syst Rev. 2015;2, CD011320.
Gleicher N, Kushnir VA, Barad DH. Is it time for a paradigm shift in
understanding embryo selection? Reprod Biol Endocrinol. 2015;13:3.
Conaghan J, Chen AA, Willman SP, Ivani K, Chenette PE, Boostanfar R, Baker
VL, Adamson GD, Abusief ME, Gvakharia M, et al. Improving embryo
selection using a computer-automated time-lapse image analysis test plus
day 3 morphology: results from a prospective multicenter trial. Fertil Steril.
2013;100:412–9. e415.
Ebner T, Shebl O, Moser M, Mayer RB, Arzt W, Tews G. Group culture of
human zygotes is superior to individual culture in terms of blastulation,
implantation and life birth. Reprod Biomed Online. 2010;21:762–8.
Thouas GA, Dominguez F, Green MP, Vilella F, Simon C, Gardner DK. Soluble
ligands and their receptors in human embryo development and
implantation. Endocr Rev. 2015;36:92–130.
Zenzes MT, Bielecki R, Casper RF, Leibo SP. Effects of chilling to 0 degrees C
on the morphology of meiotic spindles in human metaphase II oocytes.
Fertil Steril. 2001;75:769–77.
Wang WH, Meng L, Hackett RJ, Oldenbourg R, Keefe DL. Rigorous thermal
control during intracytoplasmic sperm injection stabilizes the meiotic spindle
and improves fertilization and pregnancy rates. Fertil Steril. 2002;77:1274–7.
Ottosen LD, Hindkjaer J, Ingerslev J. Light exposure of the ovum and
preimplantation embryo during ART procedures. J Assist Reprod Genet.
2007;24:99–103.
Asano Y, Matsuura K. Mouse embryo motion and embryonic development
from the 2-cell to blastocyst stage using mechanical vibration systems.
Reprod Fertil Dev. 2014;26:733–41.
Xie Y, Wang F, Zhong W, Puscheck E, Shen H, Rappolee DA. Shear stress
induces preimplantation embryo death that is delayed by the zona
pellucida and associated with stress-activated protein kinase-mediated
apoptosis. Biol Reprod. 2006;75:45–55.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

