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Abstract 

Globally the average success rate per transfer of IVF Blastocyst Embryo is less than 30%. The 
preimplantation metabolomic test for blastocyst-embryo competence – PMT-BC was developed from 
Ai/ML analysis of MALDI-ToF MS spectra from spent blastocyst culture media (SBM), for biomarkers 
of implantation and blastocyst first trimester embryonic competence. Here the Seven point BMT-BC 
scale was tested against a cohort of 1,840 SBM MALDI-ToF metabolite mass spectra from day 5+ in 
vitro cultured IVF blastocyst-embryos. Selection of samples, from a database of 12,000 SBM spectra, 
was solely on the basis of samples at, day 5 (predominantly) or 6,7 of In vitro culture, single embryo 
transfer and from a single IVF clinical centre. It was not biased by knowledge of maternal age, 
aneuploid status, fresh or frozen transfer or transfer outcome. Examined with respect to identifying 
implantation and viable competent IVF Blastocyst-Embryo’s to transfer; it correctly identified 90.3% 
of low Gardner grading & disintegrating blastocysts, and 89.9% of implantation but embryonic 
incompetent blastocysts (and subsequent anembryonic IVF pregnancies), prior to transfer. All scoring 
a PMT-BC of less than 3, these are IVF-Blastocyst with low potential success; whilst higher PMT-
Scores correlated with implantation and viable IVF pregnancies. Combining viability markers with 
its scoring of probability of implantation markers, the selection of day5 (6 or 7) IVF-Blastocyst-
Embryo for transfer based on BMT-BC test scores greater than 3 would have increased the transferred 
success rate of viable IVF Blastocyst-Embryo in the cohort by 50-100%. 

Keywords: pre-implantation embryo selection; IVF; mass spectrometry; non-invasive; spent 
blastocyst media; metabolomic profiling; blastocyst competence; test Validation 
 

Introduction 

Non-invasive metabolomic analysis of spent blastocyst media (SBM) is a leading new approach 
to IVF Blastocyst-Embryo competence testing prior to transfer [1]. Although several developing 
methods have been reported [2–8] the operationalisation of a largely laboratory ‘proof of concept’ 
omics’ based test to an operational clinical test requires the entire system to be robust to sampling 
variability, whilst still fulfilling the clinical challenge as accurately as possible. 

We have utilised MALDI-ToF mass spectrometry because of its relative ease of use, compared 
other mass spectrometry methods [7,9–12]. Furthermore, mass spectral intensity data variability, and 
hence comparability, has been made robust; as has the algorithm that utilises such data to predict 
probability of viable implantation [12]. The test is now termed preimplantation metabolic test – 
Blastocyst competence: PMT-BC. 

The user focussed PMT-BC SBM metabolomic tests scores 7 metabolic marker pathways and 
their relative intensity as optimum (green) or non-optimum. The more metabolic marker pathways 
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scored optimum (green) the greater the probability of a viable implantation (see Figure 1). The 
importance of any one pathway is not currently weighted. 

 

Figure 1. The clinic interpretation of the algorithm is simplified to a battery type scale for reporting. 

The prediction mathematics has to allow for uncertainty, as failure to implant and abort a viable 
blastocyst occurs in 20-30% of transfers due to endometrial receptivity issues. Thus, the prediction is 
based on cumulative probability [12]. 

The initial SBM mass spectral pattern analysis algorithm was developed on a set of 120 PGT-A 
confirmed Euploid, day5 hatched IVF Blastocyst-Embryo SBM and tested against 440 SBM. The 
refined Bayesian PMT-BC algorithm was tested on a set of 385 non PGT-A tested, day 5/6 hatched 
Blastocyst Embryo SBM [11,12]. 

Here we validated the test on a set of 1,840 SBM, regardless of known assessment/selection 
variables such as aneuploidy, Gardner/morphometric scoring, and maternal age. In addition, day 5, 
6 or 7 culture, along with hatching, were not controlled for during selection. Thus, the PMT-BC test 
was exposed to a large and variable cohort, of Blastocyst-Embryo SBM, in order to validate and 
establish how robust is the PMT-BC’s ability to resolve viable from non-viable IVF blastocyst-
embryo’s for single embryo transfers is? 

Sample Cohorts and Analysis 

One thousand eight hundred and sixteen, pre outcome MALDI-ToF MS analysed SBM mass 
spectra collected from a single IVF clinic (VCRM, Reston, Virginia ,USA) were selected from our 
database and subjected to metabolomic scoring of the BMT-BC data analytic system [12]. 

The only inclusion criteria was that the IVF Blastocyst-Embryo SBM samples had to be collected 
at Day5/6or7 of culture. No selection was made based on maternal age, PGT-A result, Gardner Grade 
and whether transferred or not. An undefined number of unhatched were included, as the process of 
“Hatching” from day5 was presumed, but not confirmed. 

The samples (and spectra), after BMT-BC scoring, were then sorted according to the following 
criteria: 

Transferred with result known, or not transferred/no data. 

 The non-transferred were divided into the: 

o discarded by embryologist or 
o unknown outcome (Frozen or transferred but outcome unknown) 

 The transferred with outcomes (see Figure 2), were sub-grouped as follows: 
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o No implantation. 
o Biochemical Pregnancy. 
o Anembryonic (blighted ovum) pregnancy and first trimester loss. 
o Viable pregnancy at 16weeks, with heart beat detected. 
o Other spontaneous abortions. 

 

Figure 2. Post transfer IVF Blastocyst-Embryo clinical outcomes. A) Implantation failures stages B) successful 
blastocyst -embryo implantation. 

Each grouping were examined with respect to their PMT-BC scoring distributions. 

Results 

The 1,816 blastocysts, prospectively SBM analysed and PMT-BC scored, were then subdivided 
and grouped as shown in Figure 3 : 
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Figure 3. Groupings of the 1816 prospectively MALDI-ToF MS analysed IVF Blastocyst SBM. Principally those 
transferred & those not transferred; and the overall distribution of clinical outcomes for the 791 transferred IVF 
blastocyst-Embryos. 

The IVF clinical aim of a preimplantation IVF Blastocyst-embryo selection test is to increase the 
rate of successful Implantations. 

Analysis the PMT-BC metabolomic scoring for transferred found in each group. 
From the score distribution, 50.9% of all failed implantation IVF Blastocyst-embryo and 81.6% 

of all anembryonic pregnancies scored less than PMT-BC 3. Conversely only 13.9% of all failed 
implantation IVF Blastocyst-embryos 7.2% of all anembryonic pregnancies scored greater than PMT-
BC 3. 

Ploting implantation probability versus viability probability (1-probability of an anembryonic 
pregnancy) at each PMT-BC demonstrates which PMT-BC is the optimum cut off (see Figure 4A); 
and enable calculation of probability of a viable implantation at each PMT-BC individual score or 
cut-off (Figure 4B). 
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Figure 4. A) Scatter plot of probability of implantation versus probability of viability at each individual PMT-BC 
scores (blue dots) and group cumulative PMT-BC scores equal to or greater than each PMT-BC score (red dots). 
B) Plot of probability of Viable Implantation at each individual PMT-BC scores (blue dots) and group cumulative 
PMT-BC scores equal to or greater than each PMT-BC score (red dots). 

Of the 1025 SBM prospective analysed spectra from non-transferred blastocyst, 151 were 
discarded by the embryologist and not vitrified. The PMT-BC score profile of these 151 was found to 
be heavily biased to being PMT-BC <3 (see Figure 5). 
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Figure 5. Percentage distribution of SBM PMT-BC scores in all non-transferred IVF blastocyst- embryos (A) and 
percentage distribution of PMT-BC scores in the subset of non-transferred and embryologist discarded IVF 
blastocyst-embryos. 

Discussion 

Blastocyst implantation competence is the ability to successfully implant below the uterine 
endometria and induce a stromal decidual reaction [13]. And the definition of a successful implanted 
IVF embryo is one in which an embryo develops from the inner cell mass (ICM) of a successfully 
implanted blastocyst [14]. However, implantation alone does not directly correlate with IVF success: 
Subsequent very early losses can be due to successful implantation, but the embryo fails to develop 
at all - Anembryonic pregnancy (Blighted ovum) [15]. This is clinically and functionally distinct from 
spontaneous abortions due to subsequent arrest of embryo development, cessation of fetal heart beats 
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and consequentially loss. In this respect there is an early stage overlap of blastocyst competence with 
embryonic competence [16,17]. 

At the very minimum IVF-blastocyst-embryo competence has to exclude biochemical 
pregnancies. In our metabolomic studies successful implantation metabolic biomarkers overlaps 
significantly with metabolomic signature of ICM development [11,12,18]. Thus it is difficult to 
completely resolve solely implantation metabolic biomarkers, from very early ICM development. 
Therefore, the true clinical picture is that an IVF Blastocyst -Embryo selection test has to address 
implantation and also ICM development/ organogenesis, as detected by a fetal heartbeat [19]. 

The PMT-BC metabolic test has been developed cognisant with all these fundamentals of 
Embryology/reproductive physiology; and this validation study establishes the PMT-BC score 
profiles at each IVF failure scenario short of 2nd trimester spontaneous abortion. This is clearly 
demonstrated in this validation with, PMT-BC test’s ability to predict those blastocysts that, if they 
do implant, have a high probability of will spontaneous first trimester abortion. i.e., the large group 
of anembryonic IVF Blastocysts - formerly termed blighted ovum. 

In addition, the robustness of the BMT-BC test was examined with these IVF blastocyst-embryos 
in light of the difficulties possibly encountered by the clinical embryologists when collecting SBM . 
This included developmental delay in expanded blastocyst formation; so collection on day5, 6 or 7 of 
In vitro culture, and uncertainty as to whether SBM collection was during the hatching process and 
not ‘hatched” blastocysts per se. Indeed, undoubtedly a number of unhatched SBM are within the 
cohort. 

In this study group, of the IVF blastocyst-embryo’s selected for transfer by the IVF clinic, the 
selection standard was Gardner scoring, with supplemental PGT-A testing on some samples. Using 
this method of predictive selection only 40.6% of those selected for transfer were successful viable 
blastocyst-embryo implantations. 

The validation test set of IVF Blastocyst-embryo samples utilised here, were collected to nullify 
pre selection bias, such as maternal age, morphometric-visual score, ploidy etc, that would positively 
bias results [20]. Hatching is a significant influence in PMT-BC, but we chose to assume hatching had 
occurred, so as to more closely reflect the degree of uncertainty, inherent in the real life Embryology 
laboratory, when SBM will be collected/sampled. 

As previously described [12] the lower the BMT-BC score the lower the probability of viable 
implantation, and scores less than 3 have significantly lower probability of viable implantation. This 
was confirmed in this validation study. 

Furthermore, selection for transfer based on PMT-BC would have increased the viable successful 
transfer rates by 29-50% if a simple cut off value of PMT-BC 3 or 4 was applied. The impact of the 
“highest BMT-BC scoring IVF Blastocyst-embryo” based selection for transfer on success rates will 
be significantly greater. 

An additional sub group emerged in the cohort of non-transferred IVF Blastocyst analysed SBM 
samples. These were 151, embryologist determined, discarded day5/6 blastocysts. This will be the 
result of extremely poor Gardner-based visual morphology scores, and/or spontaneous 
disintegration in-vitro. The mass spectra from these discarded blastocysts were also prospectively 
characterised for their metabolomic PMT-BC scores. Highly significantly, 89.9% of this sub-group 
had a PMT-BC of less than 3. Thus confirming the negative predictive value (NPV) of poor outcome 
metabolomic characteristics for PMT-BC scores below 3. 

In conclusion, IVF blastocyst-Embryo selection tests, to be of clinical value, have to be non-
invasive simple sampling and not severely restricted to a defined age group, or other such criteria, 
such as patient BMI [21], or conditional to subgroups such as first pretesting for Euploidy [22]. SBM 
analysis for proteomic and metabolomic biomarkers is the most promising approach; and 
incorporates new high throughput omics’ technology and computing to achieve this aim. However, 
in addition sampling of SBM criteria has to be as flexible as possible. Indeed some metabolomic test 
are critically restricted as to the culture media being used - because in their analysis they rely on what 
metabolites and biomolecules are being consumed rather than secreted [23,24]. Such testing are 
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inherently susceptible to huge consistency and reproducibility issues; uncorrected variability in 
measurement being due entirely to difference in the culture media used. It’s not just a matter of using 
a consistent culture-media brand formulation, but also inherent batch to batch manufacturing 
variation that hinders operationalisation of such metabolomic tests [25,26]. Focussing on the 
metabolomic secreteome circumvents these problems [27,28]. 

Here, validation testing of PMT-BC SBM analysis and scoring has shown the PMT-BC 
assessment process and classification algorithm to be robust and clinically valuable in determining 
the probability of successful implantation for an individual IVF blastocyst-embryo. This impacts not 
only clinic strategies of which to transfer, and in what order; but also which to vitrify and freeze thaw 
for repeat transfers and future family planning. The nature of the scoring also helps in the 
management of patient/client expectations and emotional well-being during the IVF journey with a 
high probability of first trimester loss, such as an anembryonic pregnancy. 

Morphometric analysis, and genetic testing all have their effect on improving IVF Success. The 
magnitude of the impact is debatable, as is when to employ the different Blastocyst-Embryo 
assessment testing; such as only where there is advanced maternal age and repeat miscarriage [29,30]. 
As demonstrated, the PMT-BC test metabolomic assessment is truly orthogonal and significantly 
additive to morphology and genetic testing in advancing IVF success rates. 

Table 1. Data Matrix of the number of samples from each IVF transfer clinical outcome at specific PMT-BC 
Scores. 
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