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Abstract 
Objective: Embryo cryopreservation is currently the only effective means for 
long-term storage, transport, and genetic testing of human and animal embryos. 
It also allows significant flexibility in scheduling ART procedures in fertility 
clinics. However, cryopreservation can also lead to embryo damage, affecting 
embryo viability and health. Previous research from this lab has demonstrated 
that a Modified Specific Gravity Device (MSGD) can be used to determine 
viability status and to predict the future development of embryos in various 
animal species. The current study describes the first use of the MSGD to de-
termine post-thaw viability and development potential of donated cryopreserved 
human blastocyst stage embryos. Materials and Methods: A series of 192 vit-
rified blastocyst stage embryos (both non-biopsied and biopsied) from 44 pa-
tients were donated for research. After some initial testing, it was determined 
that only non-biopsied embryos should be passed through the MSGD to de-
termine their buoyancy and drop time. Therefore, only 21 straws containing 
27 non-biopsied embryos were used in this study. Embryos were first thawed 
using standard clinical laboratory techniques. Once thawed, the diameter of 
the zona pellucida of each embryo was estimated by using a microscope lens 
micrometer, the re-expansion status of the embryos was noted, the embryo 
was then dropped through the MSGD and placed in culture for 3 hrs at 37˚C. 
After 3 hrs, each step was repeated and then embryos were returned to culture 
for 24 hrs to determine hatching. Statistical analyses were made comparing 
embryos that expanded by 3 hrs and hatched by 24 hrs to their descent time 
through the MSGD. Results: To date, we have completed data collection for 
27 embryos. It was observed that most embryos at the initial time point did 
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not demonstrate any expansion, and no differences were seen in their initial 
drop times (P = 0.754). However, at 3 hrs in culture, re-expanded embryos 
dropped more slowly through MSGD than those that did not expand (P < 
0.04). Embryos that hatched had faster drop rates at both the initial and 3 hr 
measurement (P < 0.001 and P < 0.05), most likely due to concentration dif-
ferences between cellular constituents and the media environment. Conclu-
sion: Differences seen continue to suggest that a simple test of buoyancy may 
allow the determination of embryo viability and development potential. Fur-
ther study is needed with a much larger embryo population to confirm these 
observations. 
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1. Introduction 

Assisted reproductive techniques (ART) have become the gold standard of infer-
tility treatment, with approximately 2% of the United States birth rate being at-
tributed to the use of ART over the last several years [1]. The last few decades have 
seen significant improvements in ART stimulation [2], culture techniques [3] [4], 
and timing of embryo transfers [5]. It has also seen the rise of pre-implantation ge-
netic testing (PGT), which allowed the identification and prevention of the trans-
fer of aneuploid embryos [6], all in the quest to improve take-home baby rates.  

However, until very recently, besides PGT, little has changed in terms of assessing 
the quality of individual embryos selected for the transfer procedure. For over four 
decades, embryologists have relied mainly on the morphological appearance to 
select embryos for transfer [7]. Recently, this information has begun to be supple-
mented with morphometrics, but significant disagreement remains over the value 
of this information in embryo selection [8]-[13]. 

Previous work from this laboratory has described an alternative means of em-
bryo selection based on a simple modified specific gravity device [14]-[18]. The 
device and technique have been used to assess both fresh and frozen/thawed em-
bryos across a number of animal species and has been shown effective in selecting 
which embryos will survive from the earliest stage of development [16], through 
the freeze/thaw process [17] [18] and continue to develop post-thaw and establish 
pregnancy [16]. 

The current study describes the first experience of the system with human cry-
opreserved embryos, specifically the effectiveness of the MSGD in predicting post-
thaw survival and further development under in vitro fertilization (IVF) culture 
conditions. 

2. Materials and Methods 

This study was conducted using cryopreserved embryos donated for research 
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anonymously by patients through informed consent who had completed their fer-
tility treatment at a university-based fertility clinic. Their use in this study was 
acknowledged by the Institutional Review Board and Institutional STEM Cell 
Committees and was reviewed and approved by the Vice President of Research’s 
Office, at Texas Tech University Health Sciences Center prior to the start of the 
study. Potential embryos to be used in the study were cryopreserved using a com-
mercially available media (Blastocyst Fast Freeze kit, Life Global; Trumbull, CT) 
following the manufacturer’s protocol. In brief, blastocyst stage embryos created 
by IVF were cryopreserved by the vitrification method [19]. Blastocysts were se-
quentially exposed to 3 cryoprotectant solutions containing increasing concentra-
tions of glycerol and ethylene glycol, loaded into cryo straws, and plunged directly 
into liquid nitrogen for vitrification. All cryopreserved embryos were stored in liquid 
nitrogen at −196˚C. 

For post-thaw embryo culture, embryo GPS dishes (Life Global) were prepared 
containing Global medium supplemented with 20% serum substitute supplement 
(SSS, 35 µl/well under mineral oil), equilibrated overnight at 37˚C in a 6% CO2 
environment before use. The same media was used for rinsing and to fill the MSGD. 

Early experiments included embryos that had been biopsied (N = 5). However, 
as described [16], the technique requires the embryos to be of similar shape, size, 
and consistency on the zona surface to be effective. The biopsy hole significantly 
changed the drop rates of embryos, so PGT embryos were eliminated from the 
present study, and the data were not included in the final analysis. A total of 21 
straws were thawed, yielding 27 embryos for this study. 

Embryos were thawed using commercially available media (Blastocyst Fast Freeze 
Thaw kit, Life Global) and following manufacturer’s protocol. In brief, embryo 
straws were removed from liquid nitrogen storage and exposed to 30˚C water bath 
for thawing. Embryos were recovered from the straws, passed sequentially through 5 
thaw solutions containing decreasing concentrations of cryoprotectants, and finally 
placed in culture medium for this study.  

Once thawed, the outer diameter of the zona pellucida was estimated manually 
with a microscope reticle. It was also noted if the true embryo had re-expanded or 
remained compacted following the thawing procedure. Embryos were then dropped 
through the MSGD column (filled with Global medium supplemented with 20% 
SSS) by placing the embryo on the meniscus at the top of the drop chamber (Fig-
ure 1). The MSGD had been modified from the original apparatus [16] to monitor 
the drop chamber with a simple pen microscope (Takmly; Semarang, Indonesia), 
which allowed easy focus and electronic observation on a laptop computer screen. 
The embryo was then observed and timed as it passed through a 1 cm distance of 
the drop chamber, as described previously (zero-hour time point) [16]. Once 
measured, the embryo was recovered and placed in culture at 37˚C for a period of 
3 hrs to allow full expansion of the true embryo. At three hours, the embryo was 
again dropped through the MSGD (3-hour time point) and returned to culture for 
another 21 hours (24 hours of culture total). At 24 hours, the embryos were ob-
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served for evidence of hatching as a sign of continuing development in culture. 
 

 

Figure 1. Demonstrates the ease of embryo visualization (red arrow) in the drop chamber 
as the embryo descends through one-centimeter measurement zone (black lines). 

 
Previous animal studies had used data from a large numbers of embryos to 

establish drop curves for viability [14]-[18]. However, in this initial study with 
a limited number of human embryos available, we compared the outcome data 
(hatching) and initial embryo expansion (both signs of embryo viability) and com-
pared it to the observed drop times 0 and 3-hr post thaw in an attempt to estab-
lish early validation of the technique without the need for large cohorts of em-
bryo. Comparisons were made between the drop times of expanded and non-
expanded embryos and hatched and non-hatched embryos using the student’s 
T-test.  

3. Results 

As previously mentioned, and described in earlier work [14]-[18], for the system 
to be effective, the embryos examined must be of similar size and shape. While, 
there is some variability in embryo diameter, the cohorts in each group were sta-
tistically similar (Table 1). 
 
Table 1. The average diameter of embryos based on which embryos re-expanded immedi-
ately after thaw, and which embryos hatched after 24 hrs in culture. 

 Yes (μm) +/− STD No (μm) +/− STD P value 

Expanded 169.5 +/− 17.8 164.3 +/− 33.1 0.317 

Hatched 167.4 +/− 24.8 168.0 +/− 23.1 0.498 

 

An overall initial mean descent time of 11.2 +/− 8.1 seconds was established for 
all twenty-seven embryos using the drop times immediately after thaw. It was 
found that while all but one of the embryos that continued on to hatching was at 
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or within one standard deviation unit of the mean (15/16; 93.8%), fully 7/11 at the 
0 (63.6) embryos that failed to hatch had descent times greater than one standard 
deviation unit away from the mean (Figure 2). This was very similar to data from 
mice [16], where it was found that embryos that failed to progress tended to have 
descent times at the extremes of a bell-shaped curve. In contrast, the viable em-
bryos descent times tended to cluster within one standard deviation unit above 
and below the mean [13] [14]. 
 

 

Figure 2. The relationship between embryo descent time at the 0-hr drop point through a 
modified specific gravity device (MSGD), and eventual survival, and development meas-
ured as embryo hatching. As in previous studies [13] [14], embryos that hatched had de-
scent times within one standard deviation of the population mean. 
 

The data were then re-examined to determine whether they expanded by the 3-
hour time point and whether they were hatched at the 24-hour mark. As stated in 
the methods, embryos were dropped in MSDG chamber immediately after the 
thaw procedure was complete. A time when clinically, embryos may remain col-
lapsed with no or little blastocoel cavity, but this would be a very convenient time 
for the clinical program to assess the viability of the embryo. Similarly, embryos 
were dropped in MSDG chamber at 3 hours incubation point, where clinically, it 
is expected that a viable embryo will show significant expansion. As expected, 
there was significant slowing of drop time between the 0 hr (11.2 +/− 8.1 sec) and 
3 hrs (72.8 +/− 54.0 sec) drop point events (P < 0.001). This appeared to result 
from the blastocoel being filled with fluid, and nutrients from the media and the 
embryo’s buoyancy shifting closer to that of the media in the drop chamber. This 
is supported by the observation that embryos scored as non-expanding demon-
strated only modest increases in drop times compared to those that fully expanded 
(Figure 3, P < 0.04). 

Figure 4 demonstrates the mean descent times of the embryos immediately 
post-thaw and after three hours of incubation to allow expansion, based on which 
hatched after 24 hrs of incubation versus those that failed to progress. Embryos 
that hatched demonstrated faster descent at both drop times (P < 0.001 and P < 
0.05, respectively). While this data may appear to contradict that of the expanded 
embryos, based on previous research [16]. It is an expected outcome if one group, 
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in this case, the hatching group, has maintained better cell integrity during the 
freeze/thaw process. The earlier study in mice demonstrated that damaged cells 
leak constituents and reach equilibrium with their environment. Therefore, if a large 
number of cells are damaged or dead, the embryo becomes more buoyant and has 
increased decent times. 
 

 

Figure 3. Correlation of the average drop times of human embryos passed through a mod-
ified specific gravity device at zero and three hours post-thaw and the corresponding post-
thaw embryo expansion. This demonstrates that while there were no differences in the av-
erage drop times of embryos immediately after thaw procedures (0-hr Drop Point; P = 
0.648), Embryos that expanded post-thaw had significantly slower descent times (P < 0.04) 
compared to embryos that did not expand after 3 hours in culture (3-hr Drop Point).  
 

 

Figure 4. Correlation of the average drop times of human embryos passed through a mod-
ified specific gravity device and post-thaw embryo expansion. Embryos that hatched post-
thaw demonstrated significantly faster average drop times at both the 0-hr Drop Point at 
the time of thawing (P < 0.001), and after 3 hours in culture (3-hr Drop Point) compared 
to embryos that failed to hatch (P < 0.05).  

4. Discussion 

While morphology has been the gold standard of embryo evaluation since the in-
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ception of IVF, it is universally recognized that the system is limited. Numerous 
attempts have been described to provide a more robust form of embryo evaluation 
in an attempt to increase the overall efficiency of the process. Some, like PGT, 
have successfully evaluated single aspects of embryo development, such as embryo 
DNA integrity [7]. However, while cell-free PGT has been proposed, current tech-
nology is still based on an invasive biopsy of trophoblastic cells, and recent studies 
suggest such biopsies may or may not reflect the chromosomal makeup of the true 
embryo [20]. 

Recent work with morphometrics suggests a correlation between development 
rates and success [10]-[13] [21]. However, the usefulness of the data in a clinical 
setting is currently limited due to the expense of the equipment. Further, the data 
would reflect embryo development rather than predict future growth potential. 
Spent media assessment has also been suggested [12]. However, even small varia-
tions in media volume might cause a misinterpretation of embryo potential. 

The current study is the first reported use of a previously described modified 
specific gravity technique [14]-[18] with human embryos. Data from the present 
study continues to suggest that a simple modified specific gravity device might be 
useful in predicting future embryo development. As in previous studies, the em-
bryos with the greatest potential for development appeared to have drop times 
closer to the population mean rather than the extremes, as indicated by those em-
bryos that continued to hatch. While the data from the expanded vs. non-expanded 
embryos might seem in conflict with the hatching data, it is not if one thinks 
through the physiological processes as described previously [16]. For both expan-
sion and survival, an embryo needs to maintain membrane integrity. At thaw, cry-
opreserved embryos are extremely compacted from dehydration, and it is difficult 
for the MSGD to detect differences, as any relative differences are masked by the 
highly dense cellular core. However, as those embryos that have maintained mem-
brane integrity start to expand, the density of the embryo within the zona de-
creases, and the descent time increases (3-hr drop point).  

However, there is also a second physiological phenomenon taking place at thaw. 
Cells that have been damaged during the freeze-thaw process are leaking inner 
cytoplasmic materials. These materials are needed not only for embryo survival 
but also to increase the overall density of the individual cells. While fully damaged 
embryos will fail to expand, embryos that may expand but have suffered cellular 
damage will leak cytoplasmic materials, hence being less dense and taking longer 
to descend at both time points. 

The current study is limited in both the number of embryos and the fact that, 
for ethical reasons, only frozen embryos were available for study. Further, based 
on early work (not shown), it was determined that biopsied samples could not be 
measured effectively. While this might seem a highly limiting factor in the use of 
the technique, previous studies have demonstrated that the MSGD can be per-
formed at any stage of pre-implantation embryo development, from oocyte to 
blastocyst [16]. The use of the MSGD prior to biopsy might allow a complete as-
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sessment of embryos for their chromosome integrity and growth potential. Cou-
pling the MSGD with other assessment tools would provide the most complete pic-
ture of the embryos health and its potential to establish a pregnancy and for that 
pregnancy to progress to delivery.  

Further studies are underway to both simplify and automate the MSGD, in 
hopes of making access to the technology easier and making future studies on a 
much larger scale possible in humans as already been done in other species [14]-
[18]. Additionally, previous studies in other species have shown the technique can 
determine viability differences during earlier periods of development (zygote to 
morula stage; [16]. If the same is true with human embryos, the MSGD could be 
incorporated early in the culture period and possibly enhance or replace other 
invasive and non-invasive techniques in determining the best embryos for trans-
fer. 
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