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Abstract

Purpose To test the validity of the Vienna consensus laboratory key performance indicators (KPIs) to monitor the outcome
of treatments involving women of different age ranges.

Methods The retrospective cohort study included 862 complete IVF/ICSI cycles carried out between January 2014 and
May 2021. All embryos of each cycle cohort were subject to extended culture. The overall population was divided into two
groups according to female age: the Vienna consensus (<39 years) and older female age (>40 years). We compared outcomes
of a selection of the Vienna performance indicators (PIs) and KPIs, with a focus on measures relevant to embryo cleavage
and blastocyst formation. A possible association between total good blastocyst development rate (TGBDR) and cumulative
clinical pregnancy rate (CPR) was also assessed.

Results No differences were observed in fertilization and embryo cleavage KPIs between the Vienna consensus and the
older female age group (standard IVF fertilization, 67.2 vs. 67.3; ICSI fertilization, 72.3 vs. 75.3; day 2 development, 57.6%
vs 58.7%; day 3 development, 52.4% vs. 50.7%, respectively). TGBDR was lower in the older female age group (45.5% vs.
33.4% p<0.001). Multivariate logistic regression analysis indicated female age as a factor independently associated with
TGBDR. Clinical outcomes significantly decreased with increasing female age.

Conclusion The study suggests that, while most laboratory outcome measures are reliably applicable irrespective of female
age, KPIs describing extended embryo culture should be fine-tuned in consideration of older female age.
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Introduction of clinical laboratories. Closing a gap that previously existed

for decades, the ESHRE Special Group in Embryology and

The clinical outcome of assisted reproduction technology
(ART) treatments crucially depends on quality and quantity
of embryos generated in the IVF laboratory [1]. At differ-
ent developmental steps, several intrinsic and extrinsic fac-
tors can cause attrition of such embryos [2]. This demands
methodical and precise monitoring of laboratory perfor-
mance, to assure the highest standard of patient care perfor-
mance indicators (PIs) can meet this need, representing an
essential tool of quality management systems in the setting
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Alpha Scientists in Reproductive Medicine achieved the first
consensus on the formulation of a systematic set of relevant
PI and key PIs (KPIs) [3]. Like those adopted to monitor
processes in other fields, IVF laboratory PIs are expected to
be robust and able to detect weaknesses in the achievement
of individual steps of a process, highlighting situations that
might affect the desired outcome [4]. Indeed, the ESHRE/
Alpha document—the “Vienna consensus”—sets for each
PI or KPI minimum and aspirational values for competency
and benchmarks levels [3]. Adopting such measures, embry-
ologists can assess the laboratory efficiency in assisting
specific developmental steps that lead to the formation of
a blastocyst suitable for transfer or cryopreservation. Such
efficiency measures can reveal influences of extrinsic factors
that may affect essential segments of the IVF process, such
as the impact of an operator’s skills on the rates of normal
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fertilization in ICSI cases [5-7]. PI outcomes may also be
influenced by intrinsic gamete characteristics, which are
often associated with specific patient typologies. Therefore,
PIs and KPIs should not be applied to undefined patient pop-
ulations, but rather to relatively homogeneous groups. The
“reference population” of the Vienna Consensus is defined
by female age <39 years, exclusion of PGT cases and use
of own fresh oocytes and ejaculated sperm. While the defi-
nition of such a population is a step forward standardiza-
tion of outcome measurements and correct inter-laboratory
comparisons, it excludes important and large groups of ART
patients. Specifically, the relevance of the Vienna PIs and
KPIs to treatments of women older than 39 years remains
untested. This knowledge gap raises concern for at least two
reasons: (a) in addition to the well-known positive asso-
ciation with embryo aneuploidy, maternal age could affect
diverse developmental parameters, questioning the robust-
ness of the Vienna consensus KPIs [6, 8—11]; (b) as reported
in national and international ART registries, older women
represent an increasingly large proportion of IVF patients
[12—-14]. This suggests the need of “ad hoc” indicators to
assess the laboratory performance of treatments concerning
such patients.

Therefore, in relation to treatment of patients of differ-
ent female age ranges, in this study, we assessed the per-
formance of our IVF laboratory implementing the Vienna
consensus PlIs and KPIs. Our results suggest that most—but
not all—non-clinical laboratory outcome measures may
be universally applicable, calling for only a limited adjust-
ment of the Vienna consensus indicators in consideration of
maternal age.

Materials and methods
Study design

This was a retrospective, single-center cohort analysis of
862 ART cycles carried out between January 2014 and May
2021. The study was approved by the IRB (Ref. R04/PA
19—Rev. 0). Inclusion criteria were indication for IVF/ICSI,
blastocyst culture of all embryos formed in each cohort, use
of own ejaculated spermatozoa (fresh or frozen), and com-
plete cycles, i.e., those whose all embryos were transferred,
cryopreserved, or disposed of. Oocyte donation, canceled,
and PGT cycles were not included. Blastocyst transfer policy
was applied to all cases treated in the participating institu-
tion, not only those included in the study.

Clinical and laboratory protocols

As previously described [15], controlled ovarian stimulation
was performed with either recombinant FSH or hMG, with
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starting doses ranging from 100 to 450 IU per day, accord-
ing to hormonal and anthropometric parameters. Gonado-
tropin dose was adjusted according to individual follicular
response, while GnRH antagonist was used to prevent the
LH spontaneous surge.

Oocytes were retrieved transvaginally 35 to 36 h after
hCG or decapeptyl administration; Fertilization was
achieved by either standard IVF or ICSI. For fresh cycles,
luteal support was initiated after oocyte retrieval, while for
frozen embryo transfer estrogen and vaginal progesterone
were administered in a sequential regimen aimed to mimic
endometrium exposure to physiological hormone levels [16].

Approximately 4 h after oocyte pickup, standard IVF
was carried out using a final motile sperm concentration
of 100,000-200,000/mL. In ICSI cases [17], after 2 h from
oocyte retrieval cumulus cells were removed from com-
panion oocytes [15]. At fertilization check (16—18 h after
insemination), oocytes displaying two pronuclei and two
polar bodies were considered to be normally fertilized and
further cultured. Embryos were cultured for 5-6 days and,
if appropriate according to criteria of morphological qual-
ity, transferred and/or cryopreserved at the blastocyst stage.
Blastocysts were evaluated according to the degree of expan-
sion and quality of the inner cell mass and trophectoderm
cell, as previously described [18]. During the study period,
no changes were made to culture conditions (5% oxygen, 6%
CO2), incubation equipment and type of sequential culture
media (Cook IVF, Brisbane, Australia). Blastocyst was vitri-
fied using a closed system device (Zaca et al., 2020) [19].

The good blastocyst development rate PI was defined
as the fraction of good quality blastocysts obtained from
the number of normally fertilized oocytes. Blastocyst qual-
ity was assessed according to the Istanbul consensus [20].
Blastocyst development rates were appraised according to
the Vienna consensus reference values: competency >30%,
benchmark >40% (day 5); competency >40%; bench-
mark >50% (day 5 and day 6) [3].

Embryology KPIs

We measured a selection of the Vienna performance indica-
tors (PIs) and KPIs, with a focus on measures relevant to
embryo cleavage and blastocyst formation. Assessment of
fertilization, cleavage, and blastocyst rates was carried out
at the time points recommended by the Istanbul consensus
on embryo assessment [20]. To assess more comprehen-
sively blastocyst quality and quantity, we estimated the total
good blastocyst development rate (TGBDR); this outcome
expresses the proportion of fertilized oocytes developing
into blastocysts both on day 5 and day 6 and suitable for
transfer or cryopreservation. Finally, blastocyst cryosurvival
rate was assessed.
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Clinical outcome

Implantation rate (IR) was calculated as the number of ges-
tational sacs divided by the total number of embryos trans-
ferred [21]. This KPI provides an indication of the overall
performance of the laboratory, although female age depend-
ent. Cumulative clinical pregnancy rate (CPR) following
transfer of day 5 or day 6 of fresh or cryopreserved blas-
tocyst was also assessed. The cumulative analysis included
complete cycles with at least one normally fertilized oocyte
finally selected for the analysis. A complete cycle included
oocyte retrieval, followed by fresh transfers or with cryo-
preserved embryos, until all of embryos were used or until
pregnancy was achieved.

Data analysis/stratification

Data were assessed after splitting cycles into two female
age groups (Vienna consensus reference population <39 and
older female age > 40 years). TGBDR was also compared
between the two age groups in sub-populations that were
homogeneous for number of retrieved oocytes. Finally, to
assess the impact of blastocysts quantity and quality on clini-
cal outcome, cumulative CPR was further sub-analyzed in
the two age groups.

Statistics

Multivariable stratified analyses were performed to test for
differences between groups. To this aim, we adopted the
analysis of variance with the one-way ANOVA procedure
for a quantitative dependent variable.

Study groups were compared in relation to maternal age,
body max index, number of recovered oocytes, and sperm
parameters. Data were presented as percentages or as the
means + SD. Quantitative variables were compared with Stu-
dent’s ¢ test for independent samples; chi-square analysis
was performed for the comparison of categorical data. Dif-
ferences were considered significant at p <0.05 and highly
significant at p <0.01. Univariable and multivariable logistic
regressions were performed to evaluate associations with
TGBDR, including in the model patient and cycle charac-
teristics. We tested all 2-way interactions between pairs of
predictors included in our multivariable analyses and used a
Bonferroni-correction (for multiple testing) P-value thresh-
old of 0.05 to define statistical evidence of an interaction.
The predictive value of the resulting model was assessed by
calculating the area under the curve of the receiver operator
characteristics (AUROC). The Hosmer-Lemeshow test was
used to evaluate the level of agreement between the esti-
mated and the observed probabilities (calibration). Statistical
analysis was performed with IBM SPSS Statistics 27.

Results
Patient characteristics

Overall, the study included eight hundred sixty-two com-
plete standard IVF/ICSI cycles. Female age, male age, and
number of collected oocytes were different between the
Vienna consensus and the older female age group (p <0.001)
(Table 1). Total sperm count and BMI were comparable. In
our center, the SET policy is adopted with the exception of
some patients (< 10% cycles) in which two blastocysts are
transferred, in fact the mean number of blastocyst transferred
was 1.1+0.6.

Fertilization KPIs

Fertilization rates were evaluated for both types of insemi-
nation techniques (Table 1). ICSI fertilization rates were
comparable between the Vienna consensus and the older
female age groups (72.3% and 75.3% respectively, p=NS).
Likewise, comparison of standard IVF fertilization rates did
not show significant differences (67.2% and 67.3% respec-
tively, p=NS).

Cleavage and blastocyst KPI

Embryo development rates on day 2 were 57.6% in the
Vienna consensus and 58.7% in the older female age groups,
respectively (p =NS). On day 3, such rates were 52.4% and
50.7%, respectively (p=NS). TGBDR was lower in the older
female age group (45.5% and 33.4%, p <0.001). This out-
come decreased steadily with increasing female age (Fig. 1).
Blastocyst cryosurvival rates were comparable between the
two age groups (Table 1).

Implantation rate and cumulative CPR

Clinical outcome significantly decreased with increasing
female age (Table 1). As anticipated, implantation rate
decreased from 34.3% in the Vienna consensus group to
16.9% in the older female age group (p <0.001). Cumula-
tive CPR showed a similar trend decreasing from 52.4 to
23.9% (p <0.001).

TGBDR and number of recovered oocytes

In the two populations, TGBDRwas further assessed after
normalization of the number of retrieved oocytes (Fig. 2).
Rates were comparable in cycles with only few (1-5 oocytes)
collected oocytes (51.9% and 45.5%, p=ns). In cycles with
6-10, 11-15, and > 15 collected oocytes TGBDR was lower
in older patient groups (p <0.01) (Fig. 2).
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Table 1 Cycle characteristics and laboratory and clinical outcomes of study groups

Total Population groups p-value
Vienna consensus Older female age
<39 year >40 years
n=_862 n=607 n=255
Patients and cycles characteristics
Female age (year) 36.5+4.6 343+3.4 419+1.6 p<0.001
Male age (year) 39.6+5.9 37.7+5.1 43.9+5.1 p<0.001
Number of total sperm 36.4+50.1 35.8+50.6 38+49.1 NS
Number of recovered oocytes (m =+ sd) 9095 (10.6+5.7) 6861 (11.3+5.8) 2234 (8.8 +5.1) p<0.001
BMI 21432 21.9+32 22.1+34 NS
Fertilization
ICSI (%) 72.9 72.3 75.3 NS
Standard IVF (%) 67.0 67.2 67.3 NS
Embryo development
Day 2 embryo development (%) 579 57.6 58.7 NS
Day 3 embryo development (%) 52.0 52.4 50.7 NS
Number of usable blastocysts (m +sd) 223(2.6+1.9) 1778 (2.9+2.0) 458 (1.8+1.4) p<0.001
Total good blastocyst development rate (day 5—day 42.3 45.5 33.4 p<0.001
6)
Cryopreservation
Blastocyst cryosurvival (%) 95.0 95.2 94.2 NS
Clinical results
Implantation (%) 28.3 343 16.9 p<0.001
Cumulative clinical pregnancy (%) 44.0 52.4 23.9 p<0.001

Fig. 1 Total good blastocyst
development rate in cycles of
different female age
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Multivariate analysis

To further control for possible patient-specific confound-
ing factors, female age, male age, number of retrieved
oocytes, and day 3 embryo development rate (percentage
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of embryos with 8 cell on day 3) were evaluated in a
univariate and multivariate logistic regression analy-
sis (Table 2). All variables emerged as factors indepen-
dently associated with TGBDR. Higher female, male age,
and number of retrieved oocytes were associated with a
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Fig.2 Total good blastocyst
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Table 2 Multivariate logistic Characteristic Categories  Univariable odds ratio Multivariable? odds ~ p-Value®
regression analysis of factors of TGBDR (95% CI)  ratio of TGBDR (95%
potentially impacting on total ch
good blastocyst development
rate (TGBDR) Female age (years) <40 1 1 <0.001
>40 0.489 (0.362-0.659)  0.463 (0.318-0.674)
Male age (years) <43 1 1 0.009
>43 0.56 (0.412-0.762) 0.611 (0.417-0.894)
Number of retrieved oocytes 1-5 1 1 0.001
6-10 1.116 (0.753-1.654)  0.85 (0.54-1.338)
11-15 0.969 (0.635-1.479)  0.691 (0.423-1.13)
>15 0.618 (0.384-0.995)  0.395 (0.227-0.687)
Day 3 embryo development rate  <45% 1 1 <0.001
45%-70%  3.397 (2.417-4.773)  3.56 (2.499-5.069)
>70% 7.245 (5.037-10.421)  8.52 (5.64-12.073)
reduced probability to achieve a TGBDR greater than 40%. Discussion

Day 3 embryo development rate was positively associated
with a higher TGBDR.

Impact of TGBDR on clinical outcome

To assess the impact of blastocysts quantity and quality on
clinical outcome, cumulative CPR was further sub-analyzed
in the two age groups. In the Vienna consensus group, cumu-
lative CPR was 30.8 in cycles with TGBDR lower than the
competence threshold (40%), while it reached 69.7% in
cycles with TGBDR larger than the benchmark value (50%).
In the older patients group, cumulative CPR was 14.0% and
42.6% in cycles with TGBDR below the competence value
or above the benchmark limit, respectively (Fig. 3).

In this study, we tested the validity of the Vienna con-
sensus laboratory KPIs [3] to monitor the outcomes of
treatments involving women of different age ranges. We
observed that most outcome parameters are reliably appli-
cable irrespective of female age. We also concluded that
KPIs describing extended embryo culture require fine-
tuning according to female age. However, limitations of
the study associated with its retrospective nature and the
associated risks of biases should be acknowledged.

The IVF laboratory is central to ART treatments, bring-
ing in vitro the gap between the end of gametogenesis
and embryo implantation. This is largely made possible
by the astonishing developmental plasticity of the human
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Fig. 3 Cumulative clinical
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embryos [22]. However, a multitude of factors can impact
on gametic and embryonic functions underpinning preim-
plantation development. Some of such factors are proce-
dural in nature and depend on both technical setups and
human skills. Gamete preparation and insemination tech-
niques, culture condition, and cryopreservation skills are
examples of extrinsic elements that, if inadequate, may
erode the developmental potential of an embryo. There-
fore, the mission of the IVF laboratory can only be accom-
plished if performance is optimized, monitored, and main-
tained as constant as possible over time.

Systems to monitor clinical and laboratory performance
have gained much importance in medical practice [4, 23]. The
Vienna Consensus has met the need for continued improve-
ment and control of the IVF laboratory. It suggests the appli-
cation of three types of indicators: reference indicators (RIs),
offering information on ovarian response and, indirectly,
oocyte quality: PIs, requiring monitoring and data storage,
but not regular assessment for deviations from desired values;
KPIs, expressing the “core business of the IVF laboratory”
[3]. The Shewhart and the Levey-Jennings charts are widely
used to monitor clinical and laboratory data. Recently, arti-
ficial intelligence-based tools have also been developed for
early detection of adverse outcomes and identification of clini-
cally relevant shifts in pregnancy rates [24].

The Vienna KPIs were conceived to assess the perfor-
mance of embryo culture systems, by monitoring labora-
tory outcomes at crucial developmental landmarks. Among
such indicators, those measuring the rate of blastocyst for-
mation have progressively become more relevant, in parallel
with the increased use of extended culture [25]. Blastocyst
culture offers several advantages over the cleavage-stage
embryo transfer (ET) [26], such as more stringent selec-
tion of embryos suitable for transfer or cryopreservation,
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systematic adoption of single ET, and higher implantation
rates per ET [27-30].

Certain patient or gamete characteristics can clearly
influence some KPIs, especially those more clinically rel-
evant. Therefore, the Vienna consensus defined a refer-
ence population corresponding to the following criteria: (I)
female patients <39 years old; (I) own fresh oocytes; (III)
ejaculated spermatozoa (fresh or frozen); (IV) no PGD/PGS
(PGT); and (V) all insemination methods (i.e., routine IVF
and ICSI). While the adoption of this reference population
reduces the source of possible biases and allows intra- and
inter-laboratory performance comparisons, it implies the
limitation to exclude from monitoring the treatments of
women older than 39 years. This represents a major knowl-
edge gap. Older age women already represent a large frac-
tion of ART patients, with current trends suggesting further
relative increase in the coming years [12-14].

Providing scope for this study, we addressed the ques-
tion of the range of application of the Vienna consensus
KPIs. To this end, we focused on female age, a factor which
affects embryo chromosome constitution, but whose impact
on preimplantation development is less clear. We identified
our overall study group by adopting all criteria of the con-
sensus reference population. Only exception was female age,
with the inclusion of women older than 39. In such a group,
all measured laboratory KPIs fell within the competency-
benchmark interval values. Instead, as anticipated due to
the inclusion of older women, blastocyst IR did not reach
the competency threshold.

By splitting the original study group in two age subsets,
we then gained specific information of the validity of the
Vienna consensus outcome values to monitor treatment per-
formance in older age women. In the younger group, defined
by age <40 years as indicated by the consensus, all measured
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KPIs (including IR) were above the competency threshold.
In the older group, IR was lower and predictably below the
competency threshold. Consistently, although not included
in the consensus KPIs, cumulative pregnancy rate was also
lower compared with the younger group. In the older group,
we also ascertained adherence of fertilization (standard IVF
and ICSI), cleavage (day 2 and day 3) and cryosurvival rates
to the ranges indicated by the Vienna consensus. However,
blastocyst parameters were influenced by age. Not only
was the average number of good blastocysts lower in older
women, as a probable consequence of a smaller number of
collected oocytes. Good blastocyst rate (TGBDR measured
on day 6) was also below the competency threshold.

Notably, a female age-dependent effect on embryo devel-
opment emerges from our data only at the blastocyst stage.
This may derive by sensitivity of a number of molecular,
biochemical and cellular, and oocyte functions to female
aging [31]. However, embryos of younger and older women
developed with similar cleavage rates until day 3. On a
purely speculative ground, this suggests that the differences
observed at the blastocyst stage may result from alterations
in the zygotic genome expression, which massively increases
from day 3 [32].

Multivariate logistic regression analysis of factors poten-
tially impacting on TGBDR shows also that male age nega-
tive impact on good blastocyst development; this outcome
provides scope for future studies focused on the potential
impact of male reproductive aging on embryo development
and clinical outcomes.

Based on available evidence, we would tend to rule out the
possibility that a lower good blastocyst rate is an effect of a
lower oocyte yield in older women. Jones et al. [2] reported
that quantity and quality of blastocysts formed on day 5 and day
6 are independent of the number of collected oocytes, but are
negatively associated with female age. This is consistent with
our sub-analysis showing that, with the exception of cycles with
very few oocyte oocytes [1-5]—for which extended culture
may be inappropriate—TGBDR decreases with female age in
groups consistent for number of retrieved oocytes.

Our data confirm the sensitivity of the rates of blastocyst
formation as indicators of the laboratory performance and/
or oocyte quality, as proposed by the Vienna consensus. A
recent study confirmed this notion, reporting that day 5 and
TGBDR are mutually complementary to promptly identify
a deterioration in the laboratory outcome, prior to adverse
changes in clinical outcomes [33]. Another recent study
including almost 8000 cycles also stressed the importance
of laboratory KPIs—in such a case fertilization rate—as pre-
dictors of clinical outcome [6]. Our study also suggests a
positive association between TGBDR and cumulative CPR.
Therefore, this outcome should be closely monitored to
strive for maximum clinical outcome for treatments of both
younger and older women.

Conclusions

By assessing laboratory performance in treatment groups
of different female age, in this study, we responded to the
recommendation of the Vienna consensus to validate KPIs
in consideration of relevant laboratory organization and
patient characteristics. In final analysis, our data confirms
the general validity of the Vienna consensus KPIs; neverthe-
less, with a focus on female age, they also indicate a need
for a fine-tuning of indicators expressing blastocyst forma-
tion. Consistent with these findings, to assess the outcome
of older female age (=40 years) cycles, we suggest to adopt
TGBDR of 25% and 40% for competency and benchmark
values, respectively. We intend the proposed performance
interval as a suggestion requiring further validation, in syn-
tony with the methodology and approach of the Vienna con-
sensus. Therefore, our study may be considered a starting
point for further discussion and research to validate labora-
tory KPIs in relation to diverse settings and patient popula-
tions or following the introduction of novel procedures or
technologies.
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