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Abstract

Background: To evaluate the association of patient and IVF cycle characteristics with blastulation rate and formation
of high-quality blastocysts

Results: We analyzed autologous blastocyst cycles from 2013 to 2017. Cycles were subdivided into low (< 33%),
intermediate (33–66%), and high (> 66%) blastulation rates. Embryo quality was assigned by embryologists using
Gardner Criteria. R statistical package was used, and the blastulation groups were compared using analysis of variance
(ANOVA) for continuous variables and chi-squared tests for categorical variables. The Bonferroni correction was used to
adjust for multiple comparisons. One hundred seventeen IVF cycles met our inclusion criteria. Of these, 20 (17.1%) had
low, 74 (63.2%) had intermediate, and 23 (19.7%) had high blastulation rates. Low blastulation rate was associated with
a lower number of blastocysts, including fewer high-quality blastocysts. The mean number of oocytes retrieved
was highest (18.1) in the group with the lowest blastulation rate, and lowest (13.4) in those with the highest blastulation
rate, although this did not reach statistical significance. There were no significant differences between blastulation rates
and age, gravidity, prior live birth, anti-mullerian hormone, estradiol and progesterone levels on the day of ovulation
trigger, follicle-stimulating hormone dose, or fertility diagnosis.

Conclusions: High blastulation rate is associated with a greater number of blastocysts, including a greater number of
high-quality blastocysts. Higher oocyte yield, however, is not associated with improved blastulation rates. Blastulation
rates, blastocyst number, and quality remain difficult to predict based on cycle characteristics alone, and oocyte yield
may not be an accurate predictor of either outcome.

Precis
High oocyte yield may be associated with a lower blastula-
tion rate and a lower number of high-quality blastocysts.

Background
The transfer of blastocysts during in vitro fertilization
(IVF) cycles offers several advantages to the transfer of
cleavage stage embryos. These include, but are not
limited to, increased implantation rates, increased live
birth rates, improved selection of embryos based on

morphology, better synchronization of endometrium and
embryo at the time of transfer, and ability to perform
preimplantation genetic testing for aneuploidy (PGT-A)
[1]. Transfer of blastocysts of the highest morphologic
quality is also associated with improved clinical preg-
nancy rates [2, 3]. The improved IVF outcomes associ-
ated with blastocyst embryo transfer allow for the
transfer of only one embryo for most patients, which is
associated with a lower rate of multiple gestations [4, 5].
At each step of an IVF cycle, there is a potential for

attrition of the number of possible viable embryos. Not
all retrieved oocytes will be mature, and not all oocytes
will become fertilized embryos. It is difficult to predict
which cleavage stage embryos (days 2–3), if any, will be-
come viable blastocysts (days 5–6). It is also impossible
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to know which of those cleavage stage embryos, if any,
will become high-quality blastocysts. The ability to better
predict the expected number and quality of blastocysts
during an IVF cycle would have a significant impact on
the way that those patients are counselled and potentially
on how their IVF cycles are managed.
Certain IVF cycle and patient characteristics may be

associated with improved blastulation rates and increased
formation of high-quality blastocysts. Previous studies
have shown that lower blastulation rates are associated
with aneuploid embryos [6]. Superovulation in mouse em-
bryos has been shown to decrease blastulation rates [7, 8].
High progesterone level at the time of trigger has been
associated with decreased formation of top-quality blasto-
cysts [9]. High blastulation rates and formation of high-
quality embryos is a clinically important outcome, and
currently, there is a paucity of data to guide clinical prac-
tice towards improving these outcomes.
The main objective of this study was to evaluate the

patient and IVF cycle characteristics resulting in high
blastulation rates and that result in the formation of the
highest quality embryos.

Methods
This is a retrospective study of IVF cycles in patients at
the Duke Fertility Center (DFC) from January 2013–
March 2017. The cohort of cycles included all cycles in
which IVF patients completed an autologous IVF cycle
and in which all embryos underwent extended culture in
an attempt to reach the blastocyst stage (day 5–6); after
excluding those cycles that did not meet the criteria, the
cohort included 117 patient cycles. These patients, per
the clinic’s criteria, had at least five embryos on day 3,
each with seven cells or more and < 20% fragmentation.
We included cycles for patients who had both conven-
tional IVF and intracytoplasmic sperm injection (ICSI)
as their mode of fertilization. We also included patients
who underwent preimplantation genetic testing for an-
euploidy (PGT-A). We excluded all oocyte donor cycles
and those cycles in which sperm was retrieved surgically.
We also excluded any cycles that involved the cryo-
preservation or transfer of any cleavage-stage embryos.
The study was approved by the Duke Health Institu-
tional Review Board.
We retrospectively reviewed records of all IVF cycles

meeting the above inclusion criteria during the study
period. Demographic data were abstracted from patient
charts including age, height, weight, ethnicity, gravidity,
and prior live births. Body mass index (BMI) was calcu-
lated as weight (kg)/[height (m)] [2]. We also collected
data on other baseline patient characteristics including
ovarian reserve testing (anti-mullerian hormone, AMH,
levels) and infertility diagnosis. Of note, if multiple infer-
tility diagnoses were listed for a patient, both diagnoses

were included for that patient’s cycle, and they were
both used in the calculations for the impact of infertility
diagnosis on blastulation cohort. IVF cycle characteris-
tics including fertilization method, estradiol (E2) and
progesterone (P4) levels on the day of ovulation trigger,
and total follicle-stimulating hormone (FSH) dose were
also obtained. IVF cycle outcomes were collected, includ-
ing the number of oocytes retrieved, the number of fertil-
ized oocytes, the total number of blastocysts formed, and
the number of high-quality blastocysts.
Blastulation rate was defined as the total number of

blastocysts in a cycle (including those transferred and
cryopreserved) divided by the total number of fertilized
oocytes. The percent of high-quality blastocysts was de-
fined as the number of high-quality blastocysts divided by
the number of total fertilized oocytes in a particular cycle.
Blastulation rates were subdivided into low (< 33%), inter-
mediate (33–66%), and high (> 66%) for analysis.
The quality of each embryo at day 5–6 was reviewed

and recorded by trained embryologists at the DFC using
the Gardner Criteria. Using these criteria, the expansion
or hatching grade, inner cell mass (ICM), and trophecto-
derm (TE) quality of each embryo was assigned a stand-
ard alphanumeric rating. High-quality blastocyst was
defined as grade 3 development or better, ICM grade A
or B, and TE grade A or B, with either ICM or TE, or
both, being graded as A.
To reach a grade 3 (or higher) in embryo expansion,

the embryo must be at least 50% blastocoel with either a
very thin zona pellucida or with noted herniation
through the zona, with hatching either partial or full.
For ICM to obtain a grade A, the ICM must be noted to
be compact and tightly packed, with a grade B given to
ICM showing loose, larger cells that are less densely
packed. TE to receive a grade A must show many cohe-
sive cells, whereas a grade B includes scant but large
cells within the TE. High-quality blastocysts were simi-
larly defined in the Vanni study [9].
R statistical package was used, and the blastulation

groups were compared using analysis of variance
(ANOVA) for continuous variables and chi-squared tests
for categorical variables. The Bonferroni correction was
used to adjust for multiple comparisons. Statistical
significance with the Bonferroni correction was set at
0.0025.

Results
A total of 117 patient cycles were identified that met the
inclusion criteria during the study period. Mean patient
age was 32.7 years. The majority of patients were white
(Table 1). Average blastulation rate for all cycles was
49.5%, with an average of 5 blastocysts per cycle and an
average of 2.5 high-quality blastocysts per cycle. The
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mean number of oocytes retrieved for all cycles was
16.7.
The mean patient age was 33.4 years in the low blastula-

tion rate group versus 32.1 years in the high blastulation
rate group (Table 2, p = 0.508). Patients with the highest
rate of blastulation had a mean gravidity of 1.0, while
patients with the lowest rates of blastulation had a mean
gravidity of 0.6 (p = 0.462). 30.4% of patients in the high
blastulation cohort had a prior live birth, compared to
15.0% in those with low blastulation rate (p = 0.488).
There was no difference in blastulation rates by fertil-

ity diagnosis (Table 3). The highest percentage of
patients in the low blastulation group was undergoing
preimplantation genetic testing (PGT-A). The most
common reason for infertility in the intermediate and

high blastulation rate groups was male factor infertility
(32.4 and 43.5%, respectively).
The vast majority patients in all groups underwent

ICSI for fertilization method rather than conventional
IVF (Table 4). E2 and P4 levels were not statistically
significant between groups (Table 4). Similarly, FSH
dose was not statistically significant between groups
(p = 0.100)
The mean number of oocytes retrieved was 18.1 in the

patients with low blastulation versus 13.4 in those with
high blastulation (Table 5, p = 0.060). A higher number
of fertilized oocytes was seen in those with low blastula-
tion rates (p = 0.021). Those with high blastulation rates
had a significantly higher number of blastocysts (6.00)
compared to the low blastulation rate group (2.45).
Those with the highest blastulation rates also had a
significantly higher average number and percent of high-
quality blastocysts (p = 0.0002 and < 0.0001). Although
examination of clinical outcomes (beyond blastulation)
was not the primary objective of the study, the clinical
pregnancy rate was examined in the cycles in which
fresh transfer was attempted (Table 4). No association
was found between the blastulation rate and the clinical
pregnancy rate (p = 0.90).

Discussion
The results of our study suggest that patients with high
rates of blastulation are, as may be expected, inherently
more likely to yield more high-quality blastocysts during
IVF. These patients with high blastulation rates are not
necessarily the patients with the most oocytes retrieved,
which may surprise some patients who believe that high
oocyte yield is associated with universally better out-
comes. Improved blastulation rate and formation of

Table 1 Overall patient and cycle characteristics

Characteristic

Total cycles 117

Age (years) 32.7 + 3.7

Race

White 82 (70.1)

Black or African American 3 (2.6)

Asian 14 (12.0)

Other 16 (13.7)

Unknown 2 (1.7)

Number of oocytes retrieved 16.7 + 7.6

Number of fertilized oocytes 10.4 + 5.0

Blastulation rate overall (%) 49.5

Number of blastocysts 5 + 2.9

Number of high-quality blastocysts 2.3 + 2.1

Data are mean + SD or n (%) unless otherwise specified

Table 2 Patient characteristics by variable blastulation rates

Low blastulation
(< 33%)

Intermediate blastulation
(33–66%)

High blastulation
(> 66%)

p

n 20 74 23 n/a

% in cohort 17.1 63.2 19.7 n/a

Age (years) 33.4 + 4.9 32.7 + 3.5 32.1 + 3.0 0.508

Race

White 14 (73.7) 51 (69.9) 17 (73.9) 0.903

Black 0 (0.0) 3 (4.1) 0 (0.0) 0.412

Asian 3 (15.8) 8 (11.0) 3 (13.0) 0.839

Other 2 (10.5) 11 (15.1) 3 (13.0) 0.870

BMI (kg/m2) 25.2 + 4.3 23.9 + 3.3 24.8 + 5.3 0.405

AMH (ng/mL) 5.02 + 5.3 5.56 + 5.8 4.56 + 2.7 0.705

Gravidity 0.60 + 0.8 0.82 + 1.1 1.0 + 1.4 0.462

Prior live birth 3 (15.0) 17 (23.0) 7 (30.4) 0.488

Data are mean + SD or n (%) unless otherwise specified
BMI body mass index, AMH anti-mullerian hormone
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high-quality embryos were not found to be associated
with any particular patient or IVF cycle characteristics.
This finding highlights the fact that IVF cycle outcomes,
including blastulation rate and formation of high-quality
embryos, are difficult to predict.
It is unknown whether infertility diagnosis may impact

blastulation rates or likelihood of formation of top-
quality embryos. Infertility diagnoses have in prior stud-
ies been correlated with variable obstetric outcomes after
IVF. Specifically, ovulatory dysfunction and PCOS have
been associated with poorer obstetric outcomes [10]. In
a large retrospective cohort study, higher blastulation
rate was associated with a higher incidence of tubal and
uterine factor infertility, whereas low blastulation rates
were associated with a higher rate of unexplained infer-
tility [11]. The potential for variable IVF outcomes by in-
fertility diagnosis is an area for further research. Of note,
the percentage of cycles in which ICSI was performed
was significantly higher than the percentage of cycles in
which male factor infertility was listed as the diagnosis
(Tables 2 and 3). The decision to perform ICSI in the
DFC is made on a provider-by-provider basis, and ICSI
is performed regularly for certain other clinical scenarios
such as planned PGT-A, unexplained infertility (with the
thought that fertilization defect may be the yet-unknown
cause of infertility for a certain couple), frozen sperm,
and nulliparous patients who have never had proven
fertilization potential with their partner’s sperm.
IVF outcomes have been shown to be impacted by pa-

tient ethnicity, BMI, and age. Our study did not show any

such association, but it is possible that the sample size was
too small to detect any difference. We would expect worse
blastulation rates and lower formation of top-quality em-
bryos in patients with high BMI and who were older. In
one large retrospective cohort analysis, blastulation rates
were significantly lower in older patients [11]. The oldest
patients in our study did have the lowest blastulation rates,
but these results did not reach statistical significance.
E2 and P4 levels on the day of ovulation trigger are rou-

tinely tracked in IVF cycles. Elevated P4 is thought to have
detrimental effects on endometrial receptivity, and cycles
with elevated progesterone are typically managed with a
freeze-all technique rather than with fresh embryo transfer
[9]. There is some evidence to suggest that elevated pro-
gesterone also results in a decreased formation of high-
quality embryos [9]. Progesterone has been found to be an
independent predictor of pregnancy in IVF cycles, with
higher P4 levels being associated with a decreased likeli-
hood of pregnancy [10]. While higher progesterone was
noted in patients with lower blastulation rates in our
study, this did not reach statistical significance.
There are no prior studies to our knowledge that

assess E2 levels and their association with formation of
top-quality embryos. Our study did not show any such
association, but it may be that there were an inadequate
number of available subjects to detect any difference.
Blastulation rates and blastocyst quality associated with
E2 and P4 levels are an area for further investigation.
The finding of a lower number of retrieved oocytes in

those patients with the higher blastulation rates (although

Table 3 Infertility diagnosis for variable blastulation rates

Low blastulation
(< 33%)

Intermediate blastulation
(33–66%)

High blastulation
(> 66%)

p

Male factor 11 (5.5) 24 (32.4) 10 (43.5) 0.158

Tubal factor 2 (10) 7 (9.5) 1 (4.3) 0.722

PCOS 1 (5.0) 11 (14.9) 4 (17.4) 0.442

Unexplained 3 (15.0) 23 (31.1) 4 (17.4) 0.206

PGT-A 5 (25.0) 14 (18.9) 9 (39.1) 0.139

RPL 2 (10) 5 (6.6) 3 (13.0) 0.621

Data are mean + SD or n (%) unless otherwise specified
PCOS polycystic ovarian syndrome, PGT-A preimplantation genetic testing for aneuploidy, RPL recurrent pregnancy loss (> 2 spontaneous abortions)

Table 4 IVF cycle characteristics for variable blastulation rates

Low blastulation
(< 33%)

Intermediate blastulation
(33–66%)

High blastulation
(> 66%)

p

ICSI 19 (95.0) 61 (82.4) 22 (95.7) 0.131

E2 (pg/mL) 2548 + 932 2667 + 1140 2249 + 503 0.229

P4 (ng/mL) 1.24 + 0.31 1.21 + 0.42 1.14 + 0.39 0.639

FSH dose (IU) 2255 + 1097 2190 + 934 2701 + 1004 0.100

Data are mean + SD or n (%) unless otherwise specified
ICSI intracytoplasmic sperm injection, E2 estrogen, P4 progesterone, FSH follicle-stimulating hormone
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this did not reach statistical significance) is an intriguing
finding that warrants additional discussion. This finding
was also reported by our group in a large retrospective
analysis of 70,968 cycles, where those with the highest
oocyte yield had the lowest blastulation rates [11]. Oocytes
are, of course, essential in the formation of blastocysts for
successful IVF cycles, but it is increasingly being recog-
nized that a greater number of oocytes retrieved may not
necessarily be associated with the best IVF outcomes [12,
14–18, 21]. It has been suggested that the optimal number
of oocytes retrieved in a cycle may depend on the exact
stimulation protocol and that a lower number of oocytes
retrieved is not necessarily correlated with poorer IVF
outcomes [12, 15, 17, 22]. This data suggests that an em-
phasis on embryo quality over oocyte quantity may be a
more appropriate strategy for the management of IVF
cycles. Despite this evidence, low oocyte retrieval remains
a feared outcome for patients and providers alike.
More “mild” ovarian stimulation during IVF cycles has

several benefits, including decreased incidence of ovarian
hyperstimulation syndrome (OHSS), decreased frequency
of multiple gestations, decreased rates of aneuploidy,
lower cost, and improved access to IVF treatment [19].
Milder stimulation protocols have been associated with
better implantation and pregnancy rates despite a lower
number of oocytes retrieved [19]. Multiple mechanisms
to explain this paradox that less oocytes may yield im-
proved IVF outcomes have been proposed. Elevated E2
and P4 levels seen with conventional IVF protocols may
be associated with direct embryo toxicity and dimin-
ished endometrial receptivity, and as such have poorer
IVF outcomes [19]. It has been suggested that elevated
E2 may disrupt folliculogenesis and oocyte maturation.
Incidence of low birth weight, preeclampsia, and long-
term health consequences for IVF offspring have been
shown to be increased in patients with supraphysiologic
E2 concentrations in early gestation [19]. Therefore,
excessive E2 levels noted in aggressive stimulation

protocols are best avoided. Available evidence supports
that gentler ovarian stimulation selects for the best
quality follicles and creates better quality oocytes and
embryos [19]. However, it is important to note that all
of the patients in our study underwent conventional
controlled ovarian hyperstimulation, and the mean
number of oocytes retrieved in each cohort was be-
tween 13 and 18; these oocyte yields would be difficult
to achieve with minimal stimulation protocols. We also
acknowledge that there were no differences in the FSH
dose per blastulation cohort, indicating that high FSH
dose itself may not be the culprit affecting blastulation
rates. As stated above, we hypothesize that the estradiol
and/or progesterone levels reached by the patient (of
which high responders are at particular risk of achiev-
ing high hormonal milieu by the time of trigger) may
have more of an effect on the development of embryos
than the stimulation protocol. Thus, we hypothesize
that if, in a minimal stimulation cycle, a patient were to
achieve an adequate oocyte yield to recommend ex-
tended culture of embryos, those embryos may likely
display high rates of blastulation given the more
physiologic hormonal milieu at the time of oocyte
maturation trigger.
Blastocyst quality is highly pertinent clinically in

choosing the most ideal embryos for transfer, which are
associated with significantly improved clinical pregnancy
and live birth rates in IVF [2, 3, 9, 17]. Despite this, there
is little data to guide reproductive endocrinologists on
how to improve or predict blastulation rates and antici-
pated blastocyst quality. Improvement of blastulation
rates and formation of high-quality embryos is an area
for much future investigation in IVF research.
The strengths of this study include the availability of

hormone levels and embryo quality for evaluation in our
data set. This is the first study to our knowledge that in-
vestigates the association between estrogen levels, rates
of blastulation, and embryo quality. Limitations of this

Table 5 IVF cycle outcomes by variable blastulation rates

Low blastulation
(< 33%)

Intermediate blastulation
(33–66%)

High blastulation
(> 66%)

p

Oocytes retrieved 18.05 + 7.9 17.35 + 8.2 13.35 + 4.2 0.0600

Oocytes fertilized* 11.50 + 6.14 10.96 + 4.87 7.91 + 3.4 0.021

Blastulation rate (%) 22.0 48.6 76.5 < 0.0001

Number of blastocysts 2.45 + 1.3 5.39 + 2.9 6.00 + 2.7 < 0.0001

Number of HQB** 0.65 + 0.7 2.47 + 2.2 3.09 + 2.1 0.0002

HQB*** (%) 5.01 21.7 39.4 < 0.0001

CPR**** (%) 53.8 46.7 50.0 0.90

Data are mean + SD or n (%) unless otherwise specified
*2PN or 2 pronuclei (represents the number of viable day 2 embryos)
**HQB, high-quality blastocysts
***The percentage of blastocysts that were deemed high-quality blastocysts by Gardner Criteria
****CPR, clinical pregnancy rate when fresh transfer attempted
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study are inherent in its retrospective design, small sam-
ple size, and single site analysis. Also, the included cycles
in this study are not representative of the overall popula-
tion undergoing IVF, given that only those cycles with a
good number and quality of cleavage stage embryos
underwent extended culture to blastocysts.

Conclusion
In conclusion, high blastulation rates are associated with
improved formation of high-quality blastocysts. Higher
oocyte yield, however, are not associated with improved
blastulation rates. Blastulation rates and blastocyst num-
ber and quality remain difficult to predict based on pa-
tient and cycle characteristics alone, and oocyte yield
may not be an accurate predictor of these outcomes.
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