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Abstract

Objective To analyze the correlation between TE grading and initial p-hCG serum level after single euploid embryo transfer.
Secondarily, to explore the association between TE grading with subsequent IVF outcomes.

Design Retrospective cohort analysis.

Setting Single, academic, private infertility and assisted reproductive care institute.

Patients or other participants Infertility patients who underwent a single euploid embryo transfer that resulted in a positive
pregnancy test.

Intervention(s) B-hCG measurements.

Main outcome measure(s) Correlation between TE grade with first f-hCG measurement. Second outcome measurements
included ongoing pregnancy, biochemical pregnancy loss, and clinical pregnancy loss rates.

Results 2,798 cases were analyzed. A significant difference in initial p-hCG measurement among groups (TE A: median
143.4 mIU/mL IQR 79.2-211.2; TE B: 119 mIU/mL IQR 57.1-177.8; TE C: 82.4 mIU/mL IQR 36.3-136.4, p <0.0001) was
observed. There was a significant correlation found between the TE grade and f-hCG measurements (p <0.0001, *=0.10).
TE grade was not associated with higher odds of biochemical pregnancy loss (TE A vs. TE B: aOR 1.01 CI95% 0.97-1.05;
TE A vs. TE C: aOR 1.03 CI95% 0.98-1.08), or higher odds of clinical pregnancy loss (TE A vs. TE B: aOR 1.02 CI95%
0.98-1.05; TE A vs. TE C: aOR 1.03 CI95% 0.98-1.07).

Conclusions In patients with euploid embryos, TE grade correlates with the first pregnancy test measurement of p-hCG. We
propose this finding helps to appoint a relevant link between morphology assessment and early embryo development in vivo.

Keywords Human chorionic gonadotropin - Embryo implantation - Trophectoderm - Blastocyst - In vitro fertilization -
Pregnancy test

Introduction

Beta human chorionic gonadotrophin (-hCG) is a hormone
sub-unit that contains 145 amino acids and is secreted by
placental synciotrophoblast tissue during early pregnancy
[1]. After assisted reproduction technology (ART) treatment,
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B-hCG is detectable in maternal serum as early as 8 days
after ovulation; 8—11 days after oocyte retrieval; or 6-8 days
after fertilization [2]. This initial detection of -hCG in urine
or serum is the most utilized indicator of pregnancy onset.
Serial measurements of B-hCG concentration every 48 h are
generally used to confirm early pregnancy, and demonstrate
utility in differentiating normal, progressing pregnancies
from ectopic pregnancies or spontaneous abortions [3] [4].

The implantation potential of top quality embryos can
be derived from human chorionic gonadotropin (hCG) lev-
els in serum [5]. It has been theorized that blastocyst qual-
ity is reflective of morphology and that this grade might
impact early trophoblastic invasion, which is best observed
by evaluating f-hCG serum dynamics [6]. Furthermore, it
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has been demonstrated that embryos with higher trophec-
toderm (TE) grades secrete f-hCG at an earlier time com-
pared to embryos with poor TE grades. This secretion of
hCG by embryos with high TE grades is considered by some
researchers to be critical for optimizing implantation and
blastocyst-endometrium crosstalk [7] [8].

Multiple studies have assessed differences in morpho-
logic compartments of the human embryo, implantation
potential, and/or pregnancy losses after transfer. The evi-
dence derived from these studies remains conflicting. Some
studies found that morphologies of the three main compart-
ments (blastocoel expansion, trophectoderm, and inner cell
mass) of the blastocyst were positively associated with ART
treatment outcomes. For example, studies based on using a
fresh blastocyst transfer approach found that ICM was more
associated with implantation and clinical pregnancy rates
while TE grade had no effect overall in these outcomes [9]
[10] [11]. Conversely, a study published by Van den Abbeel
et al. showed that expansion grade was the most significant
embryonic compartment associated with pregnancy out-
comes. Although those same authors concluded that TE
grade was most related with treatment outcomes [12], it is
important to mention that prior research about this subject
based their findings on fresh embryos transfer that included
more than one blastocyst selected for transfer. Furthermore,
no chromosomal analysis of the embryos was performed.
A study by Nazem et al. evaluated single euploid embryo
transfers and demonstrated that ICM as the best predictor of
sustained implantation. However, the same study concluded
a composite score of all compartments of the blastocyst and
the day of the embryo biopsy may prove to be additionally
beneficial towards selection prior to transfer [13]. Finally,
other researchers have found that neither the ICM nor the
expansion grade, but the morphological appearance of TE
cells, was the most impactful parameter in predicting ART
treatment success [14] [15], although those studies did not
include genetically screened blastocysts in the study design
and those embryo transfers were performed in stimulated
endometrium after controlled ovarian stimulation cycles.

Our study aims to analyze whether TE grade can be used
as an ancillary marker of embryo quality, and if so, does
it correlate with initial f-hCG levels, a known marker of
implantation potential. Few reports have shown variability in
initial p-hCG values with differences in embryonic or cycle
characteristics such as embryo morphology score [6], the
day of embryo transfer [16], and/or type of embryo transfers
(i.e., fresh vs. frozen) [17] [18]. Unfortunately, no publica-
tion has yet to account for different days and assays for hCG
measurement, multiple embryos transferred, distinct embryo
grading combinations, and/or within a robust sample size.
To date, all published data about this topic has yet to include
the assessment of initial measurement of B-hCG levels after
transfer of euploid blastocysts; a fact in which we deem to be
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of the utmost importance when analyzing the characteristics
of the implantation and early human development.

This study aimed to analyze if there is a correlation
between blastocyst TE grading with the initial measurement
of serum B-hCG within 9 days of a single euploid embryo
transfer. Also, we explored whether TE grade associates with
B-hCG duplication 48 h after first measurement. Last, our
study aims to explore if there is any correlation between TE
grading with subsequent pregnancy outcomes.

Material and methods
Study design and patient populations

The retrospective cohort analysis was performed at a sin-
gle center and included infertility patients who underwent
an IVF cycle with PGT-A with a subsequent single euploid
embryo transfer (SEET), from September 2016 to November
2021. All patients underwent controlled ovarian stimulation
(COH), intracytoplasmic sperm injection (ICSI), extended
embryo culture, TE biopsy, and preimplantation genetic
testing for aneuploidy (PGT-A). All PGT-A analyses were
performed with next-generation sequencing (NGS) technol-
ogy; all COH and laboratory methods had been previously
described [19]. Only cases with a positive pregnancy test
defined as a f-hCG value of >2.5 mIU/mL in serum meas-
ured 9 days after the embryo transfer were included in the
analysis. Also, only cases that underwent repeated f-hCG
48 h after the first measurement (11 days after ET) were
included. Venous blood samples were collected every time
before 1000 h on days 9 and 11 after blastocyst transfer. All
B-hCG measurements were performed using electrochemi-
luminescence immunoassays (ECLIA) (Immulite 2000; Sie-
mens Medical Solutions Diagnostics, California [measuring
range 0.4-5,000 mIU/mL. Sensitivity of the assay 0.4 mIU/
mL. Intra-assay coefficient of variation 6.6% at concentra-
tion of 6.5 mIU/mL and 2.5% at 3,120 mIU/mL] and Cobas
e-601; Roche Diagnostics GmbH, Mannheim [measuring
ranges 0.2-10,000 mIU/mL. Sensitivity of the assay 0.1
mlU/mL. Intra-assay coefficient of variation 4.2% at con-
centration of 1.1 mIU/mL and coefficient of variation 2.1%
at concentrations of 9,672 mIU/mL]).

Cases having measured p-hCG levels in different days
or with incomplete information were excluded from the
analysis, also cases involving multiple TE biopsies, mul-
tiple thaw/freeze procedures, and cases with patients uti-
lizing donor oocytes, testicular sperm extraction, and/or
patients with known chromosomal rearrangements were
excluded from analysis. Finally, cases that presented
monozygotic splitting, ectopic pregnancies, or cases that
were suspected as pregnancies of unknown location were
excluded from the analysis.
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Blastocysts were graded based on a proprietary, center-
specific scoring system (modified Gardner’s System) [20]
[21] for blastocyst intended to undergo TE biopsy for PGT.
Grading was performed only by senior embryologists at the
fertility center. The degree of expansion was defined as fol-
lows: 1 =early blastocyst: cavity beginning to form, 2 =early
blastocyst: cavity is <50% of the volume of the embryo,
3 =full blastocyst: cavity completely fills the embryo,
4 =expanded blastocyst: cavity volume has exceeded vol-
ume of embryo in zona resulting in at least four to five cells
herniating out of zona, 5 =hatching blastocyst: 50% or more
of TE is herniating through zona, and 6 =hatched blastocyst:
blastocyst completely escaped from the zona. The inner cell
mass (ICM) grading was determined as follows: A =many
cells tightly compacted, B =some cells tightly compacted or
organizing, C=some cells disorganized, and D =few cells
disorganized. TE was graded as follows: A =many cells
forming a cohesive epithelium, B=moderate cells forming a
loose epithelium, C =some cells forming a loose epithelium,
and D =very few cells. For the purpose of this analysis, all
subjects were categorized in three cohorts based on the TE
grade at time of embryo transfer (TE A, TE B, and TE C).

For the embryo transfer procedure, all cases underwent
synthetic endometrial preparation as previously described
[13]. For all clinical cases, thawing and transfer of the
embryos was carried out on the sixth day of progesterone
supplementation regardless of the day of embryo develop-
ment at time of cryopreservation. Euploid embryos with
the top morphology grade were selected for transfer. In
gender selection for family balancing cases, the highest-
graded embryo of the preferred genetic sex was transferred.
Embryos biopsied on day 5 were preferentially selected
over biopsied day 6 embryos when shared among the same
patient and with the same grade. Among embryos biopsied
on the same day of development, ICM grade was prioritized
in embryo selection, followed by expansion grade, and then
TE grade, as described previously [13].

Outcome measures

Primary outcome of the study was to analyze if the first
B-hCG measurement in mIU/mL, 9 days after the embryo
transfer, correlates with TE grade while adjusting for impor-
tant co-variables. Secondary outcomes included clinical
pregnancy rate (CPR): the proportion of patients with ultra-
sonographically detectable fetal cardiac activity; biochemi-
cal pregnancy loss rate (BPL): pregnancy loss occurring
after the presence of a positive pregnancy test followed
by a decrease or lack of increase of f-hCG serum levels in
serial measurements 48 h after the first measurement and/or
without detection of a gestational sac visualized by vaginal
ultrasound at the 5th week of pregnancy; clinical pregnancy
loss rate (CPL): pregnancy loss occurring after the presence

of a confirmed gestational sac; and ongoing pregnancy rate
(OPR) sustained pregnancy after detected fetal heart beat on
a vaginal ultrasound and/or complete delivery of a product
of fertilization after >22 completed weeks of gestational
age, which breathes or shows evidence of life [22].

Statistical methods

Statistical analysis was performed using SAS version 9.4
(SAS institute Inc. Cary, NC, USA). Demographic, COH,
and embryological data was registered for all participants.
Descriptive and comparative unadjusted analysis was per-
formed by ANOVA, Kruskal-Wallis, Fisher exact, and
yi* tests as appropriate. A logistic regression, analysis of
covariance (ANCOVA), and an adjusted mixed effect model
with a random intercept were used to evaluate B-hCG levels
with regard to TE grade. The regression model was fitted
with generalized estimating equations (GEE) to account
for patients who underwent multiple COH or FET cycles.
Adjusted odd ratios (aOR) with 95% confidence intervals
(95% CI) were calculated. All variables that showed sig-
nificance on the unadjusted analysis and/or variables that
thought to be clinically relevant were encompassed and
adjusted for as covariates in the models. All p-values were
two sided with a clinical significance level determined at
p <0.05. For secondary outcomes, a power analysis calcu-
lation required a sample size of 269 patients per group to
detect a difference of 10% in CPR to have an 80% power
with an alpha of 0.05. Likewise, for detecting a 10% dif-
ference in CPL rates, a sample size per group of 221 was
calculated, and finally, for a 10% difference in BPL rates, a
sample size of 260 FETs per group were required.

Regulatory approval

This retrospective analysis was approved by an academic
Institutional Review Board (HS #: STUDY-18-00,441).
Patient information was de-identified before data analysis.

Results

A total of 2,798 positive pregnancy cases after a SEET from
2,274 couples that meet the inclusion criteria were assessed
within the study period. The overall median f-hCG value
9 days after the SEET was 119.55 mIU/mL inter-quartile
range (IQR 56.9, 184.45). The median -hCG level on day
11 was 301.6 mIU/mL (IQR 130-475.8). A mean percent-
age increase overall of 152.30% (CI95% 187.46-206.95)
was observed after 48 h from first measurement. Of the
entire cohort, 76.05% of patients (n=2128) presented an
increase of 100% or doubled the levels from the baseline
B-hCG value. Among the entire cohort, 81.59% (n=2283)
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progressed to a clinical pregnancy, and 67.48% (n=1888)
progressed to ongoing pregnancy. Of the patients in the
study, 18.41% (n=515) experienced a biochemical preg-
nancy loss, and 14.12% (n=395) experienced a clinical
pregnancy loss.

All patients were categorized in 3 groups based on the
TE morphological grade at time of embryo transfer: [TE
A (n=1,077), TE B (n=1,165), and TE C (n=556)]. A
significant difference in the first f-hCG measurement
(day 9 post SEET) among groups was observed (TE A
median 143.4 mIU/mL IQR 79.2-211.2; TE B 119 mIU/
mL IQR 57.1-177.8; TE C 82.4 mIU/mL IQR 36.3-136.4,
p<0.0001). Also, significant differences were found in the
second f-hCG measurement levels among cohorts (11 days’
post transfer) (363.2 mIU/mL IQR 177.9-543.2; 297 mIU/
mL IQR 138.4-457; and 212 mIU/mL IQR 84.9-361.5,
p <0.0001), respectively (Fig. 1). The percentage increase
in f-hCG from day 9 to day 11 in the cohorts was compara-
ble (149.7% CI195% 139.3-160; 153.1% CI95 143.0-163.1;
158.1% CI95% 143.3-172.9, p=0.61). The proportion of
patients in each cohort that doubled p-hCG levels was com-
parable among each TE group (TE A: 77.3%; TE B: 76.0%;
and TE C: 73.5%, p=0.23).

When analyzing demographic characteristics of the
cohorts, differences were found in the oocyte age in years
(35.4 SD 2.8; 36.5 SD 3.9; and 36.0 SD 3.8, p=0.002) and
anti-Miillerian hormone (AMH) levels (3.7 ng/mL SD 3.8;
3.7 ng/mL SD 4.3; and 3.1 ng/mL SD 3.3), respectively.
Other demographic and clinical characteristics were com-
parable among study groups (Table 1).

During the unadjusted ANCOVA exploration, there was
a significant correlation found between the TE grade and the
median B-hCG level measurement (p <0.0001; *=0.05). A

post hoc comparison with Tukey’s HSD test showed constant
differences among the multiple group comparisons. Then in
a mixed effect model with a random intercept after adjust-
ing for other embryonic morphological compartments (ICM
and expansion), day of TE biopsy, oocyte age, patients BMI,
AMH, and endometrial thickness at ET and ECLIA equip-
ment, the correlation between the TE grade and first B-hCG
levels remained significant (p <0.0001, 2=0. 10).

IVF outcomes were also compared among the 3 TE
groups. There were significant differences in the propor-
tion of cases that progressed to clinical pregnancy among
cohorts (TE A: 83.7%, TE B: 76.0%, and TE C: 73.56%,
p=0.01). Also, ongoing pregnancy rates showed signifi-
cant differences among groups (70.8%; 66.70%; and 62.5%,
p=0.002), respectively. While looking at adverse outcomes,
biochemical loss rate was found to be significantly different
among cohorts being higher on the lower TE grading cohort
(TE A: 16.2%; TE B: 18.5%; and TE C: 22.3%, p=0.01),
but no differences in clinical pregnancy loss rates were found
among cohorts (12.91%, 14.76%, and 15.11%, p=0.34),
respectively (Table 2). In a multivariate regression analysis
fitted with a GEE, after adjusting for ICM, expansion grade,
day of TE biopsy, oocyte age, BMI, AMH, and endome-
trial thickness at ET, no association was found between the
TE grade and lower odds of achieving clinical pregnancy
(TE A vs. TE B: aOR 0.98 CI95% 0.95-1.02; TE A vs. TE
C: aOR 0.96 CI95% 0.92-1.01). Also, no association was
found between TE grade and odds of achieving ongoing
pregnancy (TE A vs. TE B: aOR 0.96 CI95% 0.92-1.01),
but there was a significant association with TE C and lower
odds of developing to ongoing pregnancy rate (TE A vs. TE
C: aOR 0.93 CI95% 0.88-0.99). Furthermore, in the same
adjusted analysis, the TE grade was not associated with
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Fig.1 Box plot showing the differences between different trophec-
toderm grading groups and their median and interquartile ranges. a
B-hCG levels per trophectoderm grade measured 9 days after embryo
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transfer. Kruskal-Wallis test (p <0.0001). b B-hCG levels per tro-
phectoderm grade measured 11 days after embryo transfer. Kruskal—
Wallis test (p <0.0001)
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Table 1 Demographic characteristics and data comparison between groups based by trophectoderm grading

Trophectoderm grade A

Trophectoderm grade B

Trophectoderm grade C Test statistic

N=1077

N=1165

N=556

Mean/median  SD/IQR

Mean/median  SD/IQR

Mean/median SD/IQR

B-hCG on day 9 post ET (mIU/mL) 143.4 79.2-211.2
B-hCG on day 11 post ET (mIU/mL) 363.2 177.9-543.2
Percentage p-hCG increase (%) 129.56 80.85

Age (years) 35.96 3.89
Oocyte age (years) 35.48 3.86

Body mass index 24.02 4.36
Anti-Mullerian hormone (ng/mL) 3.77 3.87
Baseline progesterone (ng/mL) 0.43 0.20
Baseline antral follicle count 11.21 8.32
Estradiol days before convertion 13.65 3.02
Serum estradiol at conversion (pg/mL) 344.87 386.06
Endometrial thickness at ET (mm) 9.66 3.58
Serum progesterone after ET (ng/mL) 28.64 10.52
Previous vaginal oocyte retrievals 1.52 0.94
Gravidity 1.05 1.28

Parity 0.41 0.69

119 57.1-177.8 82.4 36.3-136.4 <0.0001
297 138.4-457 212 84.9-361.5 <0.0001
133.21 87.61 131.44 97.86 0.61
36.56 4.01 36.82 3.97 <0.0001
35.95 3.98 36.08 3.89 0.002
23.74 435 23.87 4.57 0.34
3.73 4.31 3.19 3.37 0.03
0.42 0.26 0.43 0.26 0.40
11.31 8.47 10.68 7.43 0.36
13.98 3.22 13.75 3.19 0.04
315.65 316.51 326.04 385.36 0.15
9.47 2.11 9.36 2.15 0.08
28.13 13.73 28.95 11.07 0.36
1.57 0.95 1.61 0.94 0.17
1.17 1.39 1.14 1.24 0.11
0.45 0.70 0.46 0.68 0.22

Data presented as mean and SD, or median and interquartile range (IQR), unless stated otherwise. Statistical significance, p <0.05

Table 2 Unadjusted comparison
of clinical IVF outcomes among
trophectoderm grade groups

Trophectoderm Trophectoderm Trophectoderm  p-value
grade A grade B grade C
N=1077 N=1165 N=556
N % N % N %
Proportion of cases that had an 833/1077 77.34 886/1165 76.05 409/556 73.56 0.23
B-hCG increase > 100% (48 h dif-
ference)
Clinical pregnancy rate 902/1077 83.75 949/1165 81.46 432/556 77.70 0.01
Ongoning pregnancy rate 763/1077 70.84 777/1165 66.70 348/556 62.59 0.002
Biochemical pregnancy loss rate 175/1077 16.25 216/1165 18.54 124/556 22.30 0.01
Clinical pregnancy loss rate 139/1077 1291 172/1165 14.76 84/556  15.11 0.34

Data presented as sample size (N) and proportions (%), unless stated otherwise. Statistical significance,

p<0.05

higher odds of biochemical pregnancy loss (TE A vs. TE
B: aOR 1.01 CI95% 0.97-1.05; TE A vs. TE C: aOR 1.03
CI95% 0.98-1.08), and no association was found between
TE grade and higher odds of clinical pregnancy loss (TE A
vs. TE B: aOR 1.02 CI95% 0.98-1.05; TE A vs. TE C: aOR
1.03 CI95% 0.98-1.07).

An analysis of f-hCG dynamics from the first (day 9 after
ET) to the second measurement (day 11 after ET) was also
performed. We classified the groups based on their magni-
tude changes into 3 groups: group 1: if f-hCG declined on
day 11; group 2: $-hCG increased < 100% after 48 h from
first measurement; group 3: f-hCG > 100% in 48 h from first

measurement (Table 3). Statistical differences in pregnancy
outcomes were found among the pregnancy outcomes in
the 3 cohorts (Table 3). In patients that experienced p-hCG
decline, the biochemical pregnancy loss rate was 99.7%,
clinical pregnancy loss rate was 0%, proportion of preg-
nancies that progressed to clinical pregnancy were 0.3%,
and the ongoing pregnancy rate achieved was 0.3% (only 1
case developed into ongoing pregnancy). In patients where
B-hCG levels increased < 100%, biochemical pregnancy loss
rate was 34.9%, clinical pregnancy loss rate was 23.5%, clin-
ical pregnancy achieved was 65.1%, and ongoing pregnancy
rate of 41.6% was found. In patients where f-hCG levels
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Table 3 Analysis by f-hCG dynamics from the first (day 9 after ET)
to the second measurement (day 11 after ET), the groups were clas-
sified based on their magnitude changes: group 1: if p-hCG declined
or was measured below the first measurement on day 11; group 2:

B-hCG presented a “plateau” or had an increase < 100% in 48 h dif-
ference, and group 3: if hCG value doubled at least 100% in 48 h dif-
ference

HCG dynamic group Clinical pregnancy Ongoing pregnancy Biochemical pregnancy loss Clinical pregnancy
loss
N % N % N % N %
Declined 1/326 0.3% 1/326 0.3% 325/326 99.7% 0/326 0.0%
Plateaued 224/344 65.1% 143/344 41.6% 120/344 34.9% 81/344 23.5%
Doubled 2058/2128 96.7% 1744/2128 82.0% 70/2128 3.3% 314/2128 14.8%
Difference yi* <0.0001 <0.0001 <0.0001 <0.0001

Data presented as sample size (N) and proportions (%), unless stated otherwise. Statistical significance, p <0.05

more than doubled, the biochemical pregnancy loss rate was
3.3%, clinical pregnancy loss rate was 14.8%, pregnancies
that progressed to clinical pregnancy were 96.7%, and an
ongoing pregnancy rate of 82.0% was found (Table 3).

Furthermore, a subanalysis looking at the day of TE
biopsy and p-hCG rise from day 9 to day 11 found no dif-
ferences in the mean percentage of serum B-hCG increase
among groups: day 5 biopsy (mean f-hCG increase 129.0
SD 82.2), day 6 biopsy (mean B-hCG increase 135.3 SD
93.7), and day 7 biopsy (mean f-hCG increase 133.1 SD
108.7) (p=0.18).

A last subanalysis looking at 1622 negative pregnancy
tests after a SEET found that lower TE grade was signifi-
cantly associated with increased frequency of failed implan-
tation rates: TE A: 32.1%, TE B: 35.63%, and TE C: 46.4%
(» £0.0001). A multivariate analysis that used the best tro-
phectoderm grading (TE A) as a reference and after adjust-
ing for oocyte age, BMI, AMH, endometrial thickness, and
embryonic ICM, expansion grades and day of embryonic
biopsy showed a significant association with lower TE grad-
ing and increased odds of failing implantation: TE A vs. TE
B: aOR 1.15 CI95% 0.9-1.3; and TE A vs. TE C: aOR 1.60
CI95% 1.34-1.91.

Discussion

In vitro fertilization with a single euploid embryo transfer
continues to be an exceptional model to investigate the role
of early serum B-hCG levels on pregnancy outcomes, espe-
cially since it can allow clinicians to properly date embry-
onic age [23]. Our study findings suggest that trophectoderm
morphological grading is correlated with serum B-hCG lev-
els measured 9 days after a single euploid embryo transfer;
even after adjusting for other embryonic compartments and/
or patient clinical features. We propose that this data helps
validating the link between morphology assessment and
early embryo development in vivo.
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Few studies had investigated the relationship between
trophectoderm morphology grade and the earliest levels of
detectable serum B-hCG. Some studies had found that the
expression of hCG is closely related to trophoblast differenti-
ation [24] [25] potentially elucidating why optimal trophec-
toderm grade, which encompasses higher count and better
organization of cells, might associate with a better ability
to produce hCG [6] [16] [26]. This could translate into a
strengthened signaling capacity for blastocyst implantation
potential [27]. Also, other studies have shown embryos with
higher TE grades secrete hCG earlier than poor TE grade
counterparts, which might give these embryos an advan-
tage in achieving implantation and optimizing endometrial
crosstalk [18].

Although the valuable insights obtained from those land-
mark studies have accelerated our knowledge regarding early
hCG dynamics, most were based on findings of unscreened
blastocysts, cleavage stage embryos, multiple embryo trans-
fers, or did not separate cohorts based on embryonic quality
nor embryo compartments. Our study differentiates from
those studies by evaluating the impact of the TE grade and
early B-hCG levels by adjusting for the other remaining blas-
tocyst compartments. Also and more importantly, our study
is the first one that analyzed only blastocyst-stage embryos
identified to be euploid via NGS technology and included
only single euploid embryo transfers over synthetically pre-
pared endometrial linings. Furthermore, we performed a
statistically adjusted model in an attempt to understand the
pure effect of TE grading on B-hCG dynamics. Our findings
suggested a clinically discrete but significant association
between optimal TE grading embryos and higher f-hCG
levels in the first serum measurements. It is important to
mention that our study findings might not be generalizable
for natural conceptions [28] or non-biopsied blastocyst trans-
fers. Some other studies proposed that f-hCG levels can be
impacted by other factors such as the utilization of frozen or
fresh embryos [29] or that trophectoderm biopsy removes
a small portion of cells of the entire blastocyst but has been
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demonstrated to yield lower mean hCG values compared
with non-biopsied blastocysts. In this last case, some authors
had suggested that the threshold cutoff value for predicting
successful pregnancies in these PGT cases should be set at
lower levels compared with non-biopsied cases [30].

Majority of clinical studies looking at early p-hCG
dynamics during ART treatment have focused on the pre-
dicting value of these serum measurements to foresee dif-
ferent pregnancy outcomes. Our findings suggest that — in
the general infertile population — after adjusting for impor-
tant co-variables, there is a significant association of lower
quality TE grades and decreased odds of achieving embryo
implantation and ongoing pregnancy being consistent with
previously published reports [15] [31] [32]. Nevertheless,
when looking at adverse outcomes such as biochemical
pregnancy loss or clinical pregnancy loss, after adjusting
for other compartments of embryo grade (expansion and
ICM) and patient characteristics, our study failed to detect
an association between inferior TE grade and increased odds
of biochemical and clinical pregnancy loss rates. This find-
ing corroborates with other published analyses, which can
be reassuring information to patients [10] [11]. We highlight
a single compartment of the blastocyst morphology is not
at the helm of the whole process of implantation. As our
group previously demonstrated, every compartment of the
human embryo has impact on the odds of implantation and
pregnancy outcomes. Yet, a composite score including all
compartments and day of TE biopsy could yield additional
guidance in embryo selection prior to transfer [13].

Finally, in a subanalysis we analyzed IVF outcomes based
on hCG dynamics in the first 2 measurements obtained on
9 and 11 days after ET, we observed significant differences
among the pregnancy outcomes based on the categoriza-
tion of patients that declined, plateaued, or doubled up their
B-hCG levels. Our study analysis suggested that patients who
did not present a 100% increase of the initial value after
48 h or patients who had a decrease on the baseline hCG
levels had critically significant higher odds of presenting
a biochemical or clinical pregnancy loss. Similar findings
had been previously reported on different embryo transfer
settings such as day 3 cleavage stage or single blastocyst
transfers [3] [4] [5] [33] [34].

Our study is not without limitations. The retrospective
nature the analysis comes along with increased chances of
selection bias, although the calculated sample sizes and
power analyses showed that the sample size of our popu-
lations could suffice to detect significant differences in
pregnancy outcomes among cohorts. Also besides potential
demographic differences in the groups analyzed by TE grad-
ing, our study performed an adjusted analysis controlling
for important patient and embryonic characteristics in order
to isolate the effects of TE characteristics and initial B-hCG
levels and furthermore pregnancy outcomes.

Another potential limitation in the generalizability of our
findings is the cutoff value for determining a positive preg-
nancy. The study center establishes a positive pregnancy
at a serum level of f-hCG of >2.5 mIU/mL. It has been
described previously that this cutoff value could discrimi-
nate between pregnancy and non-pregnancy in non-meno-
pausal patients with a sensitivity of 90.8% and a specificity
of 96.7% [35] [36] and represents the 97.5% percentile of
hCG concentration ranges for premenopausal non-pregnant
patients [37]. Our cutoff might differ from other laboratories.
We note that unlike previous publications which utilized dif-
ferent hCG measuring assays, our study assays are consistent
and highly sensitive which has been tested to offer the best
detection rates of the different hCG molecules, including
hyper glycosylated hCG, the principal hCG molecule in
early pregnancy [38]. Also, it is important to note that our
results should be interpreted with caution because other ref-
erence centers or laboratories might utilize different assays
as the ones utilized in this study, a factor that can limit the
generalizability of our findings due to inter-assay discord-
ances [39].

Furthermore, another important fact to consider is the
possibility of false positive hCG determinations due to
other hCG producing entities or conditions that could not
possibly be excluded in our study design [40]. However,
in our population of non-menopausal and relatively young
patients, these possibilities appear to be exceptionally rare
[41]. Additionally, our study does not describe the perina-
tal outcomes and live birth outcomes of the entire cohorts,
mostly due to the fact that these patients are still pregnant.
Additionally, the main objective of this study design was not
to analyze perinatal outcomes. Albeit, our group previously
has described that embryo TE quality does not correlate
with major adverse perinatal outcomes or placental weight
at delivery [42]. Finally, although all senior embryologists
are trained for morphologic grading in the same fashion,
there remains inherent subjectivity in morphologic grading
which cannot be accounted for in this study. Based on these
limitations, it is difficult to accurately quantify the associa-
tion between TE and subsequent outcomes on an in vivo
setting, although our study proposes an adjusted method
that accounts for important factors that were not taken into
account in prior studies that aimed to analyze the association
between TE grade and IVF outcomes.

In conclusion, after adjusting for clinical parameters,
embryonic expansion, and inner cell mass grade, our data
showed euploid embryo TE grade correlates with -hCG
levels at first pregnancy test measurement. The ultrastruc-
tural appearance of the TE cells in euploid embryos might
represent a surrogate marker of embryo’s capacity to prop-
erly adhere and invade the endometrium during the early
implantation process. Furthermore, patients who transferred
embryos with poor TE grade were found to experience lower
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odds of achieving ongoing pregnancy. Yet, no other signifi-
cant associations between TE grade with any other IVF out-
come were observed. Finally, IVF outcomes including bio-
chemical and pregnancy loss rates differ significantly based
on the initial hCG measurement dynamics favoring patients
that present a 100% increase in serum levels after 48 h of the
first measurement. Further studies focusing on synciotropho-
blast and endometrial cellular and molecular interactions
or genetic pathways could help reproductive specialists to
better understand the mechanisms related to early placenta-
tion physiology. Similarly, future studies looking at different
human blastoid models and their transcriptomes could help
to understand the high complexity and scarcely understood
process of human implantation and early embryogenesis.
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