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CONTEXTE



1993…   2017?

Morbeck 2015



Dans le laboratoire



Dans les incubateurs

Temperature Close	to	37°C,	stable

Relative	Humidity Max	allowed

CO2/pH CO2	according	to	target	pH

Oxygen 5%,	oxygen	sequential?

CACs As	low	as	possible

Penser au temps de récupération après ouverture



METHODES DE PROTECTION:
FILTRES PARTICULAIRES



Gross filters for
particles up to

10 microns

Fine filters for
particles up to

1 micron

Absolute filters 
for particles up
 to 0.3 microns

Filtration mat Pleated Pocket Fine HEPA

Increasing filtration area and efficiency

Figure 5.10 Particulate air filtration design for increased efficiency. Pre-filters and fine filters (less 
expensive) should be placed in series upstream the HEPA filter (more expensive).

Structural slab

Inlet duct

Gaskets

HEPA filter

Seals False ceiling

Integrity test probe

Figure 7.1 Example of HEPA filter installation.
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24 Clean Room Technology in ART Clinics

EPA and HEPA filters, rated as E10, E11, E12, H13, and H14 according to their efficiency 
grade, are used for filtering particles greater than 0.3 μm. In contrast, ULPA filters are 
used for filtering particles greater than 0.12 μm. The latter are rated as U15, U16, and U17 
according to their efficiency grade. EPA, HEPA, and ULPA filter efficiency is determined 
by the most penetrating particle size (MPPS) method. The method is based on the filter 
efficiency, determined by laser measurement, to retain the most penetrating particles (nor-
mally between 0.1 and 0.2 μm) (Table 2.5).

Activated carbon filters are used for filtering gases such as CO2, alcohols, aldehydes, 
refrigerating gases, acetone, styrene, benzene, and toluene. Activated carbon is best for 
removing compounds with high molecular weight, such as benzene, toluene, and xylene. 
Polar molecules, like aldehydes, will adsorb with weak bonds. Hence, oxidizing media 
may be necessary for situations involving high aldehyde concentrations. The usual car-
rier medium is alumina, which is made by treating aluminum ore to make it porous and 
highly adsorptive. Alumina is usually impregnated with potassium permanganate to cre-
ate a powerful oxidizing media. These media bind gases, which are then chemically bro-
ken down by oxidation.

The importance of VOC air filtration to assisted reproductive technology (ART) relies 
on the fact that materials used inside the laboratories release variable amounts of VOCs, 
which have been associated with embryo toxicity. Installation of VOC filters is therefore 

Table 2.5 EPA, HEPA, and ULPA filter grading system as per the European Standard EN 1822:2009

EPA, HEPA, and ULPA filters

Grade

Integral value MPPS Local value MPPS

Efficiency Penetration Efficiency Penetration

E10 ≥85% 15% – –
E11 ≥95% 5% – –
E12 ≥99.5% 0.5% – –
H13 ≥99.95% 0.05% 99.75% 0.25%
H14 ≥99.995% 0.005% 99.975% 0.025%
U15 ≥99.9995% 0.0005% 99.9975% 0.0025%
U16 ≥99.99995% 0.00005% 99.99975% 0.00025%
U17 ≥99.999995% 0.000005% 99.9999% 0.0001%
Note: EPA: efficiency particulate air filters; HEPA: high efficiency particulate air filters; MPPS: most penetrating 

particle size; ULPA: ultra low penetration air filters.

Table 2.4 Medium and fine filter grading system as per 
the European Standard EN 779:2012

Medium and fine filters

Grade Spectral efficiency DEHS 0.4 µm

M5 40 ≤ Em < 60%
M6 60 ≤ Em < 80%
F7 80 ≤ Em < 90%
F8 90 ≤ Em < 95%
F9 Em ≤ 95%
Note: Em: “Efficacité Moyenne” (average efficiency).
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23Chapter two: Clean room technology

• Internal surfaces must be smooth, easy to clean and impact resistant, as well as being 
able to withstand attack and penetration of chemical process, cleaning supplies, dis-
infecting products, and water.

• Some clean room applications require fabrication with antistatic materials or low 
VOC emission materials.

Clean room design must comply with the following characteristics:3

 1. Airflow obstruction should be avoided. Columns and wall protrusions/indents 
should be kept at a minimum; rectangular- or square-shaped rooms are preferable. 
The design should minimize airflow turbulence, making it easier to drag and remove 
airborne particles.

 2. The construction material should be selected among those with low particle generation 
and retention. Surfaces should be coated with the most appropriate paint. Wood and 
non-sealed light fixtures that may require constant cleaning are not recommended. 
Likewise, knurls or grooves in window sills and door frames should be avoided. 
Porous flooring with grout, wood lockers, electrical motors, foot rests in work benches, 
fibrous cabling insulation, and electrical wall switches are to be avoided as well.

  On the contrary, round corners between floor and wall, and wall and ceiling are 
recommended to minimize particle retention. Epoxy base coatings for painting walls 
and ceilings, or stainless steel and laminated panels suitable for clean rooms are pref-
erable. Sealed light fixtures embedded in the ceiling are also recommended. Doors 
with embedded hinges should be made of stainless steel, glass, or plastic suitable for 
clean rooms. Auxiliary systems such as compressed air, vacuum, ductwork, electri-
cal network, etc., must be properly fitted to walls, ceilings, and floors.

2.4  Air filter properties and classification
Air filters are classified according to the European standards EN-779 (coarse/pre-filters, 
medium, and fine filters) and EN-1822 (EPA, HEPA, and ULPA filters) (Tables 2.3 and 2.4).8,9

Pre-filters (or coarse filters) are used for filtering particles greater than 10.0 μm. Such 
filters are rated according to their gravimetric efficiency as G1, G2, G3, and G4 (Table 2.3). 
Gravimetric efficiency is used to measure efficiency by comparing the relative weight of 
the particles retained by the filter against the total weight of particles emitted.

Fine and medium filters are used for filtering particles greater than 1.0 μm. Filter rat-
ing, namely, M5, M6, F7, F8, and F9, is in accordance with their spectral efficiency. Spectral 
efficiency is measured by counting downstream particles after filter challenge with diethyl-
hexyl sebacate (DEHS) aerosol and a reference particle size of 0.4 μm.

Table 2.3 Coarse filter grading system as per 
the European Standard EN 779:2012

Coarse filters

Grade Gravimetric efficiency

G1 50 ≤ Am < 65%
G2 65 ≤ Am < 80%
G3 80 ≤ Am < 90%
G4 Am ≤ 90%
Note: Am: “Arrestance Moyenne” (average retention).
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58 Clean Room Technology in ART Clinics

Diffusion relates to the impact of Brownian motion on air particles. As the air diffuses 
throughout the filter, small particles (typically 0.1 μm or less) tend to travel on a streamline 
in an erratic fashion, making random motions as they interact with gas molecules. This 
erratic motion causes the contaminant particles to become stuck to the filter fibers.

Impaction occurs when a large particle, unable to adjust to the change in air direction 
near a filter fiber, becomes trapped on the fiber. The particle’s inertia ensures that it con-
tinues along its original path instead of circumventing the fiber, resulting in its capture.

Interception takes place when a contaminant particle passes within the distance equal 
to one particle’s radius of a filter fiber, resulting in it touching the fiber and being removed 
from the airflow. Particles passing beyond that of one particle radius from a fiber will not 
be trapped.
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Figure 5.3 Methods for trapping particles.

Figure 5.2 Microfiberglass mesh examined under the microscope.
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HEPA: Principes



METHODES DE PROTECTION:
FILTRES CHIMIQUES



VOC

1,000 - 10,0000 x’s

smaller than HEPA 
pore size



Antonia Gilligan



FILTRATION COV et DOUBLE ACTION GERMICIDE (ROS +UVC)



123Chapter ten: Air disinfection for ART clinics using ultraviolet germicidal irradiation

10.2.2  Photochemistry
Chemical bond dissociation induced by light occurs when a photon’s quantum energy 
is equal to or greater than the energy of the molecular bond. Photochemical damage to a 
life-sustaining bio-molecular structure can be induced by irradiation with photons having 
energy levels corresponding to the energy of the chemical bonds. On UV photon absorp-
tion, excited states and reactive species are created which interact to form new but non-
functional biochemical products.

The history of photochemical microbial inactivation dates back to the discovery 
in 1877 by Downes and Blunt9 that UV light can harm microorganisms. Later, in 1928, 
F.L. Gates10 made the formal discovery that specific monochromatic wavelengths of UV 
light are responsible for the observed bactericidal effect. The fundamental physical mecha-
nisms explaining the interaction of specific wavelengths of light with specific molecular 
bonds were finally revealed by quantum mechanics, developed by Planck, Bose, Einstein, 
Bohr, de Broglie, Heisenberg, Dirac, Pauli, and others during the first half of the twentieth 
century.

Then, in the second half of the twentieth century, biochemical research showed that 
the most effective germicidal wavelengths of 265 nm coincide with the peak absorption 
spectra of nucleic acids11 as shown in Figure 10.4. On the basis of this correlation, and the 
observation that the majority of the damage inflicted to inactivated microbes was found 
in their genetic material, the primary mechanism in UV-induced microbial inactivation 
is known today to be molecular damage to DNA and RNA strands. Such disruption of 
nucleic acids has the ability to affect a wide range of microorganisms, rendering them ster-
ile and consequently unable to infect a host. Within the limits of experimental accuracy, 
the lethal action of germicidal UV appears to be independent of the nature of the organism 
and, unlike antibiotics, there has been no signs of adaptive resistance after a century of use 
for water disinfection.

Most if not all commercially available germicidal light sources are low pressure mer-
cury lamps that emit between 30% and 35% of their input energy at 253.7 nm, a wave-
length very close to the peak value as shown in Figure 10.4.
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Figure 10.4 Relative germicidal efficiency.
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124 Clean Room Technology in ART Clinics

Photochemical sterilization of microorganisms is achieved in practice with the widely 
available wavelength of 253.7 nm. The quantum energy carried by those UV photons is 
high enough to dissociate C, H, O, and N single covalent bonds resulting in irreversible 
molecular damage to nucleic acids leading to a nonviable organism. Among various UV 
radiation damages to DNA, the formation of cyclobutane pyrimidine dimers (CPDs) and 
pyrimidine-pyrimidone 6-4 photoproducts (6-4 PPs) are of utmost importance.12 CPDs are 
caused by covalent bonding between two adjacent pyrimidines. UV irradiation usually 
generates thymine dimers in the greatest quantity, cytosine dimers in low quantity, and 
mixed dimers at an intermediate level.13 In UV irradiated RNA viruses, the nucleotide 
uracil forms pyrimidine photoproducts. As shown in Figure 10.5, the movement of DNA/
RNA polymerase is stalled when encountering a thymine dimer. At an irradiation dose 
of magnitude high enough to overwhelm the nucleic acid repair mechanisms, damages 
result in irreversible alterations, impairment of replication and genetic transcription, and 
eventual death of the organism.

For a thorough assessment of the photochemistry of UV-induced damages to nucleic 
acids, and on repair mechanisms, review the in-depth description by Kowalski.13

10.2.2.1  UV dose-response mechanism
In order to understand the UV disinfection process, it is helpful to consider UV as the 
analogue of a bombardment of photon bullets on a microbe. Each photon carries an 
amount of energy called a quantum Eλ of a value connected to the light wavelength 
according to the Planck-Einstein relation:

 Eλ = h c/λ (10.1)

where
 h = Planck’s constant, 6.626 × 10–34 Joule.sec
 c = speed of light in vacuum, 2.998 × 108 m/sec
 λ = wavelength, m
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Thymine dimer

DNA/RNA
polymerase

Movement of DNA/RNA polymerase is stalled
due to the thymine dimer (bend in DNA)

Ultraviolet lightPyrimidine dimer;
Thymine dimer

Figure 10.5 UV radiation damages to DNA.
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UVC



Filtration HEPA



FILTRATION CENTRALISEE



FILTRATION MOBILE



Sources de pollutions dans le 
laboratoire





Avant de commencer l’activité

CONSENSUS

Avant de commencer l’activité



INCUBATEUR A « no burn-in »   INCUBATEUR B « burn-in » 10 jours

Etude observationnelle, prospective
600 cycles sur une période de 5 mois
1500 ovocytes/ incubateur

Incubateur	A Incubateur	B
%	fécondation 69 72,06 NS
%		clivage 66,47 94,63 p<0,01

%	Fragmentation 71,04 18,06 p<0,001
%	blastulation 22,09 61,77 p<0,01

%	grossesse	clinique 22,83 30,06 p<0,05

ASRM 2015



Gilligan



Cohen et al. 1997

Yang et al. 2016



EFFET SIPHON
Un biais affectant les résultats des 

études de toxicité



Contaminants hydrosolubles (formaldéhyde)
EXP1 EXP2

1ml

5 ml

0,8 ml1ml

1ml

BLASTO

BLASTO

BLASTO

BLASTO

Miller et Fry, 2000

3 ml

3 ml 5 ml

0,8 ml

HTF EC1 (embryotoxique)



Miller, Goldberg et Collins, 1994

Contaminants lipophyles (ex: styrene, BTEX) 

Bupivacaïne



Martinez et al, 2017

Partition huile-milieux à J5

www.nature.com/scientificreports/

3SCIENTIFIC REPORTS | 7: 10505  | DOI:10.1038/s41598-017-10989-5

found in incubated culture medium, regardless of the type of oil used for overlay. There were also no differences 
in the concentrations of the remaining elements between fresh culture medium and culture medium incubated 
under S-MO and N-PO.

VOCs. The differences in the VOC compositions of the S-MO, N-PO and embryo culture medium were char-
acterized, and whether or not these compounds could be transferred to the medium was investigated. For this 
purpose, we utilized a design similar to that described for the elemental evaluation. At the end of the incubation, 
the oils and culture medium were collected and transferred into headspace screw-top vials (Agilent Technologies, 
Böblingen, Germany). The vials were tightly crimped and stored at 4 °C until VOC analysis, which was performed 
24 h later. Solid-phase microextraction (SPME) sampling was performed, followed by gas chromatography (GC) 
separation with flame ionization detection (FID), which produced chromatograms containing more than 100 
appreciable peaks. Table 3 presents the concentration of VOCs determined in S-MO and N-PO and the medium 
before and after being in contact with the oils. The major VOCs that were unambiguously identified in the oils 
were alkanes, with the exception of pentanal and 1,3-diethyl benzene, which were identified exclusively in the 
S-MO. The transfer rates of VOCs from the oils to the culture medium depended on the type of compound. 
Thus, while most of the straight-chain alkanes were clearly transferred to the culture medium, with transfer rates 
ranging from 30% to 50%, the branched-chain alkanes were not transferred, regardless of the type of oil analyzed. 
The only non-alkanes identified in our study (i.e., pentanal and 1,3-diethyl benzene) were clearly transferred 
(approximately 100%) to the culture medium.

Discussion
Three main findings are reported in the present study. As in other species, the type of oil cover used during IVM, 
IVF and embryo culture affected porcine embryo production. Although S-MO and N-PO differ in their elemen-
tal composition, only two elements (Cu and Pb) were more abundant in the oils than in the culture medium. 
However, the values of these and other elements analyzed in this study were similar in both the fresh culture 
medium and that incubated under S-MO or N-PO, suggesting that no elemental interactions occurred between 
the oil overlays and the medium. We also demonstrated the transfer of VOCs from the oil overlay to the medium, 
which could affect embryonic development.

Figure 1. Porcine IVP using two types of oil overlay. (a) Fertilization parameters: Oocytes were matured 
and fertilized in culture media overlaid with Sigma mineral oil (S-MO; n = 189) or Nidoil paraffin oil (N-PO; 
n = 176). There were no differences in the penetration rate (percentage of penetrated oocytes/total inseminated 
oocytes), monospermy (percentage of oocytes containing only one male pronucleus/total of oocytes penetrated) 
and fertilization efficiency (percentage of monospermic oocytes/total of oocytes inseminated) between oils. 
The data are presented as the mean ± SD of four replicates. (b) Embryonic development: After gamete co-
incubation, the presumed zygotes were cultured in glucose-free embryo culture medium supplemented with 
pyruvate and lactate for 2 days and then in fresh embryo culture medium containing glucose for 5 additional 
days. The cultures were maintained under S-MO (n = 302) or N-PO (n = 305). The different letters within each 
variable indicate significant differences (a, b: P < 0.05; c, d: P < 0.004). The data are presented as the mean ± SD 
of four replicates.

Pentanal log Kow = 1.31
1,3 DiethylBenzene log Kow= 4,44



Morbeck 2015

VOCs, Protéines, Huile



Espèces à risques et leur 
coefficient de partage
(partition coefficient)



Compound Correlation (Alpha) HSDB and/or NIOSH[1] Solubility K(O/W)[2]

Formaldehyde Yes Carcinogenic Mutagenic 0.35

Acetaldehyde Yes Carcinogenic Mutagenic 0.45

Propionaldehyde Yes Carcinogenic Mutagenic -0.24

Butyraldehyde Yes Carcinogenic Mutagenic 0.88

Benzaldehyde Yes Carcinogenic Mutagenic 1.48

n-Hexaldehyde Yes Carcinogenic Mutagenic 1.78

Acetonitrile 
Yes (1 Lab high >700 

µg/m3)
Possible source for slow CN-

release
-0.34

Acrolien
Yes (via TO-15) First case 

'96
Carcinogenic Mutagenic -0.01

BTEX >2

Styrene >3

Pentanal: 1,31



37Chapter three: The critical role of air quality

the time period in which particulate, gas phase filters, and UV lamps were replaced 
relative to markers of preimplantation embryogenesis and clinical pregnancy rates. 
Using the time period in which each air purification component was changed as the 
dependent variable, and fertilization rates, embryo morphology, +beta hCG, and clini-
cal pregnancy rate as the independent variables, the data were subjected to a time 
series analysis.

There were no statistically significant differences observed in the fertilization rates, 
zygote, embryo, and blastocyst morphologies associated with increased levels of VOCs. In 
contrast, increased levels of VOCs (Figure 3.1) were associated with a statistically signifi-
cant decrease in clinical pregnancy rates.5,6,9,10 Although criteria have not been well defined 
in the past, it has been generally recommended that IVF laboratories and associated clini-
cal spaces maintain VOC levels below 300 ug/m3. The eight-year study demonstrated that lev-
els of VOCs far less than previously recommended could compromise clinical outcomes.10

3.3.2  Mechanisms for remediation of VOCs
There are multiple classes of VOCs. Each biochemical classification of VOCs varies in its 
molecular weight, size, and polarity, and thus responsiveness to agents of removal. The 
mechanisms of removal specific to each molecular and biochemical classification vary 
considerably. VOCs are not captured by HEPA filtration, as their physical size is 100 to 
1000 times smaller than the effective capture rate.16 Although additional mechanisms are 
necessary for the successful mitigation of a broad range of VOCs, two commonly used 
mechanisms involve the use of activated carbon and potassium permanganate in the pro-
tection of an IVF laboratory environment.

Activated carbon will adsorb the higher molecular weight hydrocarbon within the 
ambient air. Carbon contains pores of varying size, allowing materials to diffuse within 
its matrix. The surfaces of the pores provide a field of molecular attraction capturing and 
holding large flat electron-rich molecules.33 Benzene and toluene are strong examples of 
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Figure 3.1 Relationship between clinical pregnancy rates (CPR) and the presence of low levels 
(parts per billion; ppb) of volatile organic compounds (VOCs) and chemically active compounds 
(CACs). The entire study evaluated 950 IVF couples and data were collected over 48 testing quarters.
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Worrilow K, Clean Room Technologies in ART clinics, 2016



VOCs à risque: Ethanol, Isopropanol, Aldéhydes, phenols, toluene…



Limites d’exposition et normes à 
respecter?



CHIMIQUE: (ISO-14644-8)

-TVOC            < 100ppb  <200ppb 0ppb ???
>0,5ppm = augmentation FCS  très probable, dvpmt pré-implantatoire

normal
>1ppm= altération développement embryonnaire (toxicité « visible »)

- ATTENTION AUX APPAREILS DE MESURE ET A LEUR SENSIBILITE DE DETECTION 
(PID=SURVEILLANCE) 

- NE RENSEIGNE PAS SUR LE TYPE DE CONTAMINATION (GCMS ou HPLC) 

- NE RENSEIGNE PAS SUR LES ALDEHYDES DE FAIBLE PM (non détectés)



 

ISO 14644-8:2013(F)

corrosif (cr);

dopant (dp);

organique total (or);

oxydant (ox);

ou un groupe de substances ou une substance individuelle.

N est la classe ISO-ACC, qui est l’indice logarithmique de la concentration, cx, exprimée en 
grammes par mètre cube, dans une plage limite allant de 0 à –12. Des concentrations intermé-
diaires peuvent être spécifiées, 0,1 étant le plus petit incrément de variation de N autorisé;

N = log10[cx];

EXEMPLE 1 Avec un échantillon de N-méthylpyrrolidone (NMP), la valeur mesurée pour la contamination de 
l’air était de 8E-7 g/m3: N = –6,097. Cette valeur est comprise dans la limite de classe 1E-6 g/m3 de la Classe –6. La 
désignation est donc: «Classe ISO-ACC –6 (NMP)».

EXEMPLE 2 Avec un échantillon de composé organique, la valeur mesurée était de 6E-5 g/m3 de composés 
organiques totaux (COT). Cette valeur est comprise dans la limite de Classe 1E-4 g/m3 de la Classe –4. La 
désignation est donc: «Classe ISO-ACC –4 (COT)».

Le Tableau 1 et la Figure 1 fournissent une autre illustration de la classification ISO-ACC en fonction de 
la concentration en contaminant.

Tableau 1 — Classes ISO-ACC

Classe ISO-ACC
Concentration

g/m3

Concentration
µg/m3

Concentration
ng/m3

0 100 106 (1 000 000) 109 (1 000 000 000)
−1 10−1 105 (100 000) 108 (100 000 000)
−2 10−2 104 (10 000) 107 (10 000 000)
−3 10−3 103 (1 000) 106 (1 000 000)
−4 10−4 102 (100) 105 (100 000)
−5 10−5 101 (10) 104 (10 000)
−6 10−6 100 (1) 103 (1 000)
−7 10−7 10−1 (0,1) 102 (100)
−8 10−8 10−2 (0,01) 101 (10)
−9 10−9 10−3 (0,001) 100 (1)

−10 10−10 10−4 (0,000 1) 10−1 (0,1)
−11 10−11 10−5 (0,000 01) 10−2 (0,01)
−12 10−12 10−6 (0,000 001) 10−3 (0,001)

 

4 © ISO 2013 – Tous droits réservés

        Licensed to Société MEDIBIOLAB / xavier pollet-villard (xavier.pollet.villard@gmail.com)
        ISO Store Order: OP-139394 / Downloaded: 2016-11-14

        Single user licence only, copying and networking prohibited.



CHIMIQUE: (ISO-14644-8)

Toluene < 2,2 ppb (9μg/m3)  (Worrilow, Huynh et al. 2001) 
ISO-ACC -5 ou-6 (Toluène)?

Benzène <2ppb  (7μg/m3) (Vàzquez et al. 2016)
ISO-ACC -5 ou -6 (Benzène)?

Acroléine <500 ppb
ISO-ACC -4 (Acroléine)?

Formaldéhyde <10μg/m3 (Khoudja, 2013)
ISO-ACC-5 ou -6 (Formaldéhyde)



Méthodes d’analyse et de 
prélèvement



TECHNIQUES DE DOSAGE: HPLC-GC/MS
Méthodes de prélèvements



Prélèvements Actifs

EPA TO11a et TO15a

6h de prélèvement 24h de prélèvement



Prélèvements Passifs

norme Européenne EN13528 2002 « Ambient 
Air Quality – Diffusive samplers for the 
determination of gases and vapours –
requierements and test methods »

7 jours d’exposition pour atteindre les seuils de 
dosage équivalent à la méthode active



TECHNIQUES DE DOSAGE: GC/MS
Méthodes de Dosage: EPA TO15 (COV totaux)

Seuil de détection inférieur au microg/m3



TECHNIQUES DE DOSAGE: HPLC
Méthodes de Dosage: EPA TO11a (Aldéhydes et cétones)

Détermination présence et concentration de chaque précipité spécifique par temps de rétention et hauteur du pic en HPLC

Seuil de détection inférieur au microg/m3



							

Data:	

Volatile	Organics	via	US	EPA	TO-15	

AEI18002-1	Lab	Medbio	Saran	France	2/23/2018	 		 Hi	tech	 Std.	Dev.	
CAS#/RT	 Compound	 µg/m3	 µg/m3	 		
64-17-5	 Ethanol	 87.0	 101.2	 156.4	

7.17	 2-Methylbutane	 12.0	 0.9	 5.8	

108-88-3	 Toluene	 11.0	 5.8	 12	

67-64-1	 Acetone	 9.2	 35.7	 46.5	

5.02	 Isobutane	 7.7	 8.3	 30.5	

75-05-8	 Acetonitrile	 5.3	 7.1	 12.7	

17.15	 Hexamethylcyclotrisiloxane	 5.0	 7.3	 19.2	

9.48	 unknown		 4.2	 		 		

5.53	 n-Butane	 3.0	 3.6	 4.7	

115-07-1	 Propene	 2.6	 10.8	 22.8	

75-71-8	 Dichlorodifluoromethane	(CFC	12)	 2.3	 2.2	 1.2	

75-69-4	 Trichlorofluoromethane	(CFC	11)	 2.0	 1	 0.7	

141-78-6	 Ethyl	Acetate	 1.9	 4.7	 8.8	

110-54-3	 n-Hexane	 1.7	 1.6	 6	

142-82-5	 n-Heptane	 1.3	 0.1	 0.5	

75-09-2	 Methylene	Chloride	 0.8	 0.9	 3.9	

71-43-2	 Benzene	 0.8	 0.5	 1.9	

		 Total	VOC	IVF	Lab	 157.8	 191.7	 		
	

Notes:	The	ethanol	is	relevant	since	the	lab	uses	a	PCO3	system	which	may	incompletely	be	
destroyed.	Additionally,	it	could	accelerate	the	consumption	of	the	potassium	permanganate	
filter	media.	

Acetonitrile	is	a	common	off	gassing	from	some	plastics.	Its	trivial	name	is	methyl	cyanide.	It	
should	not	be	confused	with	inorganic	cyanides	since	the	-CN	ground	is	covalently	bonded.	We	
have	one	case	history	where	extremely	high	levels	of	acetonitrile	correlated	with	poor	Art	
outcomes.	

Most	of	the	materials,	2-methylbutane,	toluene,	butane,	isobutene,	
Hexamethylcyclotrisiloxane,	the	two	CFC	n-hexane	and	n-heptane,	methylene	chloride	and	
benzene	would	be	largely	sequestered	in	the	mineral	oil.		
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Aldehydes	via	US	EPA	TO-11a:	

AEI18002-10	IVF	Lab	Lab	Medbio	Dr.	Pollet-Villard		 Hi-tech	 Std.	Dev.	
CAS#	 Compound	 µg/m³	 µg/m³ 

	50-00-0	 Formaldehyde	 2.6	 2.5	 2.7	
75-07-0	 Acetaldehyde	 2.6	 2.1	 2.4	
66-25-1	 n-Hexaldehyde	 0.47	 0.1	 0.2	
123-72-8	 Butyraldehyde	 0.26	 0.2	 0.2	

		 Total	Aldehydes	 5.9	 4.9	
		

Notes:	

The	ability	to	culture	human	embryos	in	an	ART	facility	to	the	blastocyst	stage	is	reduced	by	a	
select	group	of	contaminants.	Our	work	with	several	labs	has	correlated	elevations	of	
formaldehyde,	acetaldehyde	and	higher	molecular	weight	aldehydes	with	poor,	delayed	or	no	
embryo	development.		The	following	examples	are	offered:	
	
Laboratory	
Number	

Material	 IVF	Lab	
Concentration	

µg/m3	

Incubator	
Concentration	

µg/m3	

Comment	

I	 Formaldehyde	
Acetaldehyde	

29.0	
13.0	

N/A	 Inability	to	reach	
human	blastocyst	

stage	
II	 Formaldehyde	

Acetaldehyde	
Hexaldehyde	

N/A	 140	
81	
61	

Poor	Mouse	Embryo	
Inability	to	reach	4	
cell	and	human	
blastocyst	stage	

III	 Formaldehyde	
Acetaldehyde	
Hexaldehyde	

25.0	
17.0	
8.2	

2.8	
12.0	
4.4	

Inability	to	pass	
Mouse	Embryo	

Assay	
Very	“Limited	

Clinical	Success”	
IV	 Formaldehyde	

Butyraldehyde		
Benzaldehyde	
Total	with	all	
aldehydes	
detected	

21.0	
23.0	
8.8	
	
	

74.1	

	 Inability	to	reach	
human	blastocyst	

stage	
No	human	
Pregnancies	

	
The	above	table	is	based	upon	air	samples	taken	at	locations	selected	by	the	client	and	Alpha.	
The	total	level	of	the	aldehydes	varies	from	approximately	20-282.		The	concentrations	are	
based	upon	a	US	EPA	TO-11a	method	used	by	the	US	EPA	and	OSHA.		

managers and contractors, made aware of the effects of VOCs on
embryos so that they discuss with the laboratory all VOC-containing
building materials before use within the building. If painting is carried
out within the laboratory or elsewhere in the building, it should be
at a time when the laboratory is not carrying out embryo culture. Final
VOC release after renovation can be enhanced by increasing room
temperature and turning on the lights for a period, preferably days
or weeks.

Selection of laboratory furniture
Laboratories generally include counter space used as workspace as
well as cabinets used for storing supplies. Counter tops and cabi-
nets constructed from manufactured wood products, e.g. MDF, contain
binders that release formaldehyde into the space around them for a
considerable period. Other wooden furniture may have varnished, shel-
lacked or painted surfaces that could also release VOCs, although older
wooden furniture that has been at the facility for a lengthy period may
have off-gassed sufficiently to be non-toxic.

Stainless steel furniture is less likely to release VOCs, although
the surfaces may be oiled during the construction process. These fur-
niture items should be cleaned thoroughly with isopropyl alcohol to
remove any superficial VOCs before introduction into the labora-
tory. The issue remains of grease used to lubricate hinges and drawer
slides, which should be silicone-based.

Incubator commissioning
Concerns have been raised that the plastic seals (gaskets) around
the edges of the external doors of large incubators were respon-
sible for the release of substances that were embryotoxic. When an
incubator, however, was commissioned and run at culture tempera-
ture with appropriate gas conditions for an extended period (roughly
a month or two), toxicity associated with ‘being new’ disappeared
(Jacques Cohen, personal communication). Most manufacturers
probably select the components for use in construction of the units
based on durability, cost and availability, rather than to eliminate VOCs
and aldehydes. Incubators should be off-gassed whenever possible,
e.g. running new units in a ventilated space (not the embryology labo-
ratory) at high temperature for some time. Users should be careful
when considering major repairs or servicing as replacement parts
could re-introduce VOC-containing components.

Off-gassing plasticware
One of the most prevalent sources of VOCs in the laboratory is the
plasticware, which is typically molded from polystyrene. One method
to avoid introducing styrene, a major VOC associated with the pro-
duction of polystyrene, into the laboratory is to off-gas the plasticware
before use. It is best to carry out this off-gassing outside of the labo-
ratory so that the released styrene does not contaminate the
laboratory. Off-gassing is often carried out by opening sleeves of
plasticware and allowing them to vent in a different room in which
culture is not carried out. Note that it is critical to maintain sterility
during this off-gassing process as open sleeves expose dishes to pos-
sible contamination. It is more difficult to carry out off-gassing with
individually packaged plasticware (newer multi-well dishes and pi-
pettes that are not packaged in plastic sleeves). One option is to open
all dishes needed for the coming week and stack them in a laminar
flow hood for off-gassing. The content of VOCs is lower in plasticware
covered with filtered sleeves, which allow off-gassing before opening.

HVAC air intake
One of the primary goals of the IVF laboratory’s dedicated HVAC system
is to decrease the VOCs in the laboratory; however, at times, the ‘fresh’
air from outside the building will have extraordinarily high levels of
VOCs. This can occur when the fresh air inlet is on the roof of the
building and the roofing material (tar) is being replaced or repaired,
when the region is exposed to high levels of smoke from a large fire,
when a parking lot near the building is being repaved or painted, or
when construction is taking place nearby with heavy diesel equip-
ment, or even just an open hole in the ground. When such events occur,
it might be possible to decrease the load of VOCs in the laboratory
by switching the HVAC system to 100% recirculation rather than mixing
fresh air with the recirculated air. Beware, however, this might have
other undesirable consequences, e.g. on temperature, humidity and
loss of overpressure in the IVF suite.

Smoking
Most healthcare environments now limit smoking to areas outside
the building. Certainly, smoking should not occur in any area where
it might affect the air quality inside the laboratory. Keep smokers (and
internal combustion engine exhaust, including backup power gen-
erators) away from the air intake to the IVF laboratory’s HVAC system.
Laboratory personnel who smoke could introduce embryo toxins into
the laboratory from their clothes, their skin, or possibly even from
their lungs, via ‘third hand smoke’ exposure (Hang et al., 2013).

Cleaning the laboratory
The laboratory should be kept clean and free of microbial contami-
nation, but consideration should be given to the types of products used
to achieve these goals (Catt et al., 2013). Although ethanol is com-
monly used to provide a clean and relatively microbe-free work surface,
it is a VOC and a known embryo toxin. Clearly, ethanol should only
be used in situations in which its vapour cannot dissolve into
cultures. Alternatively, some laboratories use very dilute sodium hy-
pochlorite (Chlorox) solutions, or simply hydrogen peroxide. Many
laboratories use water for cleaning and avoid the use of ethanol or
other sanitizers, simply to avoid the possible consequences of
embryotoxicity; others use hydrogen peroxide. Although products spe-
cifically for ART laboratories are available on the market, care must
be taken to assure that they do not have oocyte- or embryo-toxicity.

Table 6 – Measured aldehyde levels in modern IVF laboratories
built using cleanroom concepts (data from Alpha
Environmental Inc., Emerson, NJ, USA).

Compound Mean
µg/m3

SD 95% upper
confidence
limit µg/m3

Formaldehyde 2.8 3.2 9.3
Acetaldehyde 1.8 1.9 5.7
Propionaldehyde 0.6 0.7 2.0
Crotonaldehyde, Total 0.0 0.0 0.1
Butyraldehyde 0.1 0.2 0.5
Benzaldehyde 0.1 0.1 0.4
Isovaleraldehyde 0.0 0.0 0.0
Valeraldehyde 0.1 0.1 0.3
o-Tolualdehyde 0.0 0.0 0.0
m,p-Tolualdehyde 0.0 0.0 0.0
n-Hexaldehyde 0.2 0.2 0.7
2,5-Dimethylbenzaldehyde 0.0 0.0 0.1
Total aldehydes 5.8
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STUDY QUESTION: Does outdoor air pollution differentially affect the outcomes of frozen–thawed embryo transfer (FET) and fresh
transfer in IVF treatment?

SUMMARY ANSWER: Increased SO2 and O3 levels at the site of IVF unit were significantly associated with lower live birth rates following
FET but did not affect the contemporary fresh transfer outcomes.

WHAT IS KNOWN ALREADY: Ambient air pollution has been associated with human infertility and IVF outcomes. However, most of
the studies excluded FET cycles.

STUDY DESIGN, SIZE, DURATION: A retrospective cohort study of 11148 patients contributing to 16290 transfer cycles between
January 2013 and December 2016 was carried out.

PARTICIPANTS/MATERIALS, SETTING, METHODS: The average age of the cohort was 31.51 ± 4.48 years and the average BMI
was 21.14 ± 2.37 kg/cm2. Inverse distance weighting interpolation was used to estimate the daily ambient exposures to six pollutants (PM2.5,
PM10, SO2, NO2, CO, O3) at an IVF clinical site, according to the data from fixed air quality monitoring stations in the city. The exposures of
each cycle were presented as average daily concentrations of pollutants from oocyte retrieval to embryo transfer/cryopreservation.
Exposures were analyzed in quartiles. A generalized estimating equation was used to evaluate the association between pollutants and IVF out-
comes, adjusted for important confounding factors including maternal age, infertility diagnosis, BMI, endometrial status and embryo transfer
policy.

MAIN RESULTS AND THE ROLE OF CHANCE: The clinical pregnancy rate and live birth rate of the cycles was 55.1% (8981/16290)
and 47.1% (7672/16290), respectively. Among the included cycles, 4013 patients received 5299 FET cycles, resulting in 2263 live births
(42.7% per ET), whereas 9553 patients received 10991 fresh transfer cycles, resulting in 5409 live births (49.2% per ET). SO2 and O3 levels
were significantly associated with live birth rates in FET cycles, whereas none of the pollutants were significantly associated with IVF outcomes
in contemporary fresh transfer cycles. The FET cycles in the highest quartile of SO2 and O3 exposure had significantly lower live birth rates
(adjusted odds ratio (OR) 0.63, 95%CI 0.53–0.74; 0.69, 95% CI 0.58–0.82, respectively) in comparison with those in the lowest quartile.
Models involving all transfer cycles and interaction terms (FET×exposures) suggested that FET significantly enhanced the effects of SO2 and
O3 exposure on IVF outcomes (P < 0.001). Multi-pollutant models gave consistent results for the association between SO2 and live birth in
FET cycles. Accounting for all six pollutants, women in the highest quartile of SO2 still had the lowest live birth rates (OR 0.61, 95%CI
0.47–0.80).

LIMITATIONS, REASONS FOR CAUTION: The study was limited by its retrospective nature. The exposure data were estimated
according to monitoring data rather than measured directly from the IVF unit. Unknown confounding factors may skew the results.

© The Author(s) 2019. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article-abstract/34/3/441/5299175 by IN
SER

M
 user on 02 April 2019

fragmentation, a more unsynchronized cleavage pattern and more
fast-cleaving embryos. It is supposed that a too slow or too fast
embryo cleavage rate may have a negative impact on embryo quality
(Alpha Scientists in Reproductive and Embryology, 2011). Embryos in
the early development stages from fertilization to compaction are sup-
posed to be more susceptible to stresses from the environment than
the morulae and blastocysts because they are undergoing the trans-
ition from maternal to embryonic genetic control and lack the regula-
tory transport systems created at later stages (Gardner and Kelley,
2017). It is known that, small changes in culture environment, such as
culture media and oxygen concentration, may lead to changes in the
timing of embryo development during early cleavage (Ciray et al.,
2012; Kirkegaard et al., 2013). This may make the Day 3 cleavage pat-
terns sensitive to the exposure to ambient pollutants.
The exposure was also related to an increased proportion of delayed

blastulation, although the overall blastulation rates were not significantly
affected. The delayed blastulation might suggest a reduced development
competence. The timing of blastulation, on the other hand, might also
correlate to the cleavage events in earlier developmental stages. As the
morphokinetic studies have shown, a trend in development potential
increased with cell number on Day 3, but fast embryos resulting from
direct cleavages dividing one blastomere into to three or more may lead
to a reduced developmental potential (Kong et al., 2016). In our data,
we found that the proportions of blastocysts derived from slow, fast
and on-time embryos were significantly changed across SO2 quartiles.
On-time embryos contributed to more delayed blastocysts in higher
SO2 quartiles, which may suggest changes in cleaving events in response
to exposure. While the current work is limited by the discontinuous

nature of the routine morphological observation, future studies would
benefit from the use of time-lapse imaging to show the association
between morphokinetic events and ambient environment changes.
In vitro exposure of sodium bisulfite, the physiological form of SO2,

could lead to a decrease in cytochrome c oxidase activity, mitochondrial
membrane potential, ATP content, mitochondrial DNA (mtDNA) con-
tent and mRNA expression of complexes IV and V subunits encoded by
mtDNA (Ku et al., 2016; Qin et al., 2016). Interestingly, a recent report
showed that Day 6 blastocysts have lower mtDNA contents than Day 5
blastocysts (Klimczak et al., 2018), which may support the idea that
mitochondrial dysfunction is correlated to delayed blastulation. Other
in vitro effects contributing to increased viability, migration, F-actin inten-
sity and contractility of smooth muscle cells were also documented
(Song et al., 2014). The effects of SO2 on in vitro cell models may be
helpful in understanding the potential effects of ambient SO2 on cultur-
ing embryos. However, SO2 is also a hydrophilic gas, with only low solu-
bility to medical mineral oil. The direct exposure of embryos to SO2 is
yet to be determined and it may relate to the type of overlay and the
time to achieve equilibrium concentration.
As a potent oxidant, O3 may interact with various biological and

environmental factors. Because the half-life of O3 in liquid and solid
media is negligible, O3 might not easily penetrate the oil overlay of
embryo culture. However, the heterogeneous reactions of O3 with
indoor material surfaces and the gas phase reactions of O3 with indoor
pollutants might produce secondary pollutants that could penetrate oil
overlay. For instance, a report showed that indoor concentrations of
formaldehyde may increase with the increasing outdoor O3 concentra-
tions (Mélanie et al., 2003). Formaldehyde is toxic to the embryo

.............................................................................................................................................................................................

.............................................................................................................................................................................................

Table IV Association between embryo parameters and quartiles of SO2 and O3.

SO2, μg/m3 P for trend
Q1
(2.97–9.27)

Q2
(9.28–13.50)

Q3
(13.51–18.66)

Q4
(18.67–45.74)

aNon-synchronized cleaving on Day 3 (n = 79 110) Ref 1.12 (1.06–1.18) 1.11 (1.05–1.17) 1.1 (1.02–1.19) 0.001

On-time eight-cell embryo on Day 3 (n = 79 110) Ref 0.92 (0.87–0.97) 0.94 (0.89–1) 0.92 (0.85–0.99) 0.01
bFast-cleaving embryo on Day 3 (n = 79 110) Ref 1.11 (1.03–1.19) 1.12 (1.04–1.22) 1.24 (1.11–1.38) 0.001
cSlow-cleaving embryo on Day 3 (n = 79 110) Ref 1.02 (0.96–1.08) 0.98 (0.92–1.05) 0.94 (0.86–1.03) 0.383

Compact on Day 3 (n = 79 110) Ref 1.1 (0.95–1.26) 1.29 (1.11–1.51) 1.34 (1.09–1.66) 0.008

Fragmentation>20% (n = 79 110) Ref 1.08 (0.94–1.23) 1.87 (1.59–2.2) 2.73(2.28–3.28) <0.001

Delayed blastocyst (n = 27 422) Ref 0.89 (0.82–0.98) 1.17 (1.07–1.27) 1.31 (1.20–1.43) <0.001

O3, μg/m3 P for trend
Q1
(26.88–66.12)

Q2
(66.13–85.43)

Q3
(85.44–104.18)

Q4
(104.19–169.43)

aNon-synchronized cleaving on Day 3 (n = 79 110) Ref 1.03 (0.98–1.09) 1.05 (1.00–1.11) 1.07 (1.00–1.14) 0.211

On-time eight-cell embryo on Day 3 (n = 79 110) Ref 1.01 (0.96–1.06) 1.03 (0.98–1.09) 1.09 (1.02–1.16) 0.067
bFast-cleaving embryo on Day 3 (n = 79 110) Ref 1.04 (0.97–1.12) 1.12 (1.04–1.22) 1.13 (1.03–1.24) 0.016
cSlow-cleaving embryo on Day 3 (n = 79 110) Ref 0.97 (0.91–1.02) 0.90 (0.84–0.96) 0.85 (0.79–0.92) <0.001

Compact on Day 3 (n = 79 110) Ref 1.17 (1.02–1.35) 1.1 (0.95–1.28) 1.12 (0.94–1.32) 0.191

Fragmentation >20% (n = 79 110) Ref 1.31 (1.14–1.51) 1.82 (1.56–2.13) 3.03(2.54–3.61) <0.001

Delayed blastocyst (n = 27 422) Ref 1.04 (0.95–1.14) 1.16 (1.06–1.26) 1.34 (1.23–1.46) <0.001

aNon-synchronized cleaving embryo was defined as embryo with even cell number at the time of observation.
bFast-cleaving embryo was defined as embryo with more than eight cells at the time of observation.
cSlow-cleaving embryo was defined as embryo with less than eight cells at the time of observation.
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Cohorte rétrospective, 11000 patients, 16000 transferts…
HEPA centralisé,
Tour CODA

Pas de filtration 
intra ou extra-incubateur

Mais SO2 et Ozone Hydrophiles…

Effet indirect?:
Patients en périconceptionnel?
Dérivés secondaires?



Chapitre III : Interactions entre l’ozone et les matériaux 
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Figure III-19 : Emissions du sol PVC (*aldéhydes identifiés en GC/MS) 

 

2.1.2. CONCLUSION SUR LA REACTIVITE GLOBALE DE L’OZONE SUR DIFFERENTS MATERIAUX 

2.1.2.a) Synthèse des observations 

Les principales observations issues des essais d’exposition à l’ozone des 13 matériaux testés sont 
rassemblées dans le Tableau III-9. Les concentrations des composés émis par l’échantillon non 
exposé à l’ozone sont appelées C-ozone et celles de l’échantillon exposé à l’ozone C+ozone. 

Pour tous les matériaux testés, la présence d’ozone entraîne une augmentation des concentrations 
des aldéhydes et notamment de formaldéhyde, de benzaldéhyde et d’aldéhydes C5 à C10. Des acides, 
des cétones et certains composés particuliers s’ajoutent à ces émissions secondaires. De plus, pour 
plusieurs matériaux, une consommation de certains COV apparaît, en particulier des alcènes 
(styrène pour la dalle PS1, alcènes en C12 pour la moquette envers textile) et des alcanes (alcanes en 
C12 pour la moquette envers bitume).  

Les comportements observés sont différents selon le matériau considéré, notamment du fait de leur 
structure et caractéristiques propres à chacun. 
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STUDY QUESTION: Can embryology key performance indicators (KPIs) detect shifts in laboratory performance that precede changes in
clinical outcomes?

SUMMARY ANSWER: Day 5 usable blastocyst rate (D5BUR) is an important embryology KPI that complements total usable blastocyst
rate (TBUR) in its ability to rapidly identify adverse embryology outcomes, prior to changes in clinical outcomes.

WHAT IS KNOWN ALREADY: The hypothesis that monitoring performance of an IVF laboratory using statistical process controls
(SPCs) can act as an early warning signal of shifts in laboratory conditions is a hypothesis that requires validation. The Vienna consensus report
recently defined KPIs for monitoring fresh IVF and ICSI cycles, but the effectiveness of using these KPIs for detecting clinically relevant shifts
following changes in laboratory processes is unknown.

STUDY DESIGN, SIZE, DURATION: A retrospective, multicentre, analysis of KPIs for 1971 fresh IVF and ICSI cycles during three con-
secutive 5-month periods (P1, P2 and P3) during which the culture medium was changed in the middle period.

PARTICIPANTS/MATERIALS, SETTING, METHODS: ICSI fertilisation rate, IVF fertilisation rate, D5BUR, TBUR and clinical preg-
nancy rate (CPR) were tracked monthly and analysed for SPC using Shewhart control charts. Out-of-control KPIs were identified by warning
(2-sigma) and control (3-sigma) limits. The effect of the laboratory culture medium change on embryology KPIs and cumulative CPR was
investigated using a one-way ANOVA or Pearson Chi-squared test and logistic regression.

MAIN RESULTS AND THE ROLE OF CHANCE: D5BUR decreased from 32 to 25% after the culture medium was changed, and the
decrease was detected within 1 week after the change (P < 0.0001). D5BUR subsequently increased after a change back to the original
medium. A decrease in CPR (51–36%) after the medium change was also observed but was not detected until 3 months after the shift in
D5BUR (P = 0.0005). Overall, the change in culture medium independently influenced D5BUR, CPR and cumulative CPR. Importantly, TBUR
(41%) was not affected by the change in culture medium, remaining within control limits for all three culture periods, indicating that the overall
blastocyst rate alone may not sufficiently monitor embryology laboratory performance.

LIMITATIONS REASONS FOR CAUTION: The statistical KPI monitoring system demonstrated by the current study may be less effect-
ive at identifying KPI shifts in smaller clinics with lower cycle volumes. Live-birth rate per cycle started was not included as a clinical KPI.

WIDER IMPLICATIONS OF THE FINDINGS: This study demonstrates that statistical KPI monitoring systems have the potential to
provide systematic, early detection of adverse outcomes in ART laboratories after planned or unexpected shifts in conditions.

STUDY FUNDING/COMPETING INTEREST(S): No external funds were used for the study. The authors have no conflicts of
interest.
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the overall TBUR did not change between P1, P2 and P3 (40, 39 and
43%, respectively, P = 0.06). The proportion of fresh Day 5 transfers
involving the transfer of a top quality blastocyst (3–6 AA) was 45% for
P1, 35% for P2 and 48% for P3 (Table II; P = 0.002). Paired compari-
son testing showed that the proportion of fresh Day 5 transfers involv-
ing the transfer of a top quality blastocyst was lower during P2
compared to both P1 (P = 0.004) and P3 (P = 0.0007).
The CPR following Day 5 fresh transfer was 51% for P1, 36% for P2

and 41% for P3 (P = 0.0005). Paired comparison testing showed that
the CPR was lower during both P2 and P3 compared to P1 (P = 0.002
and P = 0.012, respectively), and there was no difference between P2
and P3 (P = 0.18). The cumulative CPR was 51% for P1, 44% for P2
and 50% for P3 (P = 0.02). Paired comparison testing showed that the
cumulative CPR was lower during P2 compared to both P1 and P3 (P
= 0.01 and P = 0.03, respectively). There was no statistical difference
in the cumulative CPR between P1 and P3 (P = 0.69).

Multivariate regression analysis of culture
media type on blastocyst and pregnancy KPIs
Multivariate regression was used to determine whether the type of cul-
ture medium used for embryo culture (CSCM or GTL) independently
influenced blastocyst and pregnancy KPIs, in the presence of other
control variables, and irrespective of culture month analysed. Culture
media type independently influenced D5BUR, with a lower D5BUR
when embryos were cultured in GTL, in the presence of the control
variables, such as clinic site, female age, number of oocytes aspirated,
insemination method, incubator type and number of 2PN
(Supplementary Table SI; P < 0.0001). Nominal logistic regression
showed that culture media type independently influenced both CPR

and cumulative CPR, with an odds ratio of 0.67 for CP and 0.77 for
cumulative CP when embryos were cultured in GTL (Supplemental
Tables SII and SIII; P = 0.005 and 0.014, respectively).

Discussion
The current study provides the first report of a detailed embryology
KPI analysis following a defined and controlled laboratory change. The
analysis revealed a 7% decrease in the D5BUR during the 5-month P2
period but a consistent overall TBUR during all three culture media
periods. Thus, D5BUR was identified as an important embryology KPI
that identified a shift in laboratory performance, months before a
change in pregnancy rate was observed. D5BUR was better able to
detect changes in laboratory performance compared to overall TBUR,
highlighting the importance of D5BUR in routine embryology KPI
analysis.
We used a KPI, D5BUR, which is different from the Vienna consen-

sus variable in two ways. The Vienna consensus document limits ‘good
day blastocyst development rate’ (referred to as D5BUR in the current
study) to a performance indicator, rather than a KPI, recommending
less frequent monitoring. Instead, the Vienna consensus document
defines ‘Day 5 blastocyst development rate’ as a KPI requiring regular
tracking, which includes information about only blastocyst formation
on Day 5 rather than blastocyst quality or usability (ESHRE Special
Interest Group of Embryology and Alpha Scientists in Reproductive
Medicine, 2017). Conversely, the current study provides evidence that
D5BUR be defined as a KPI, requiring monitoring at least on a monthly
basis. Further, all IVF laboratories track number of embryos either
transferred or frozen, making frequent tracking of D5BUR or ‘good
day blastocysts development rate’ logistically simple, whereas,

Figure 1 Shewhart control chart of monthly D5BUR from June 2016 to August 2017, expressed as the number of blastocysts
transferred or frozen on Day 5/number of fertilised (2 pronucleate [PN]) oocytes. The control mean (green line) is 34%. The mean
(± standard deviation) D5BUR from June 2016 to August 2017 was 30± 26%. The lower warning (red dashed line) and control (red line) limits were
28% (2-sigma) and 25% (3-sigma), respectively. The D5BUR decreased below the lower control limit (25%) and lower warning limit (28%) for a period
of 5 months from November 2016 to March 2017 (25%). The D5BUR subsequently increased above the lower warning limit from April 2017.
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Review

The Vienna consensus: report of an expert meeting on the
development of ART laboratory performance indicators

ESHRE Special Interest Group of Embryology and Alpha Scientists in
Reproductive Medicine a,b,*
a European Society of Human Reproduction and Embryology, Meerstraat 60, B-1852 Grimbergen, Belgium
b ALPHA Scientists in Reproductive Medicine, 19 Mayis Mah. 19 Mayis Cad. Nova Baran Center No:4 34360 Sisli, Istanbul, Turkey

KEY MESSAGE
This proceedings report presents 19 Indicators, including 12 Key Performance Indicators (KPIs), 5 Performance
Indicators (PIs), and 2 Reference Indicators (RIs) from an international workshop supported by the European Society
of Human Reproduction and Embryology (ESHRE) and Alpha Scientists in Reproduction (Alpha), designed to es-
tablish consensus on definitions and recommended values for the assisted reproductive technology (ART) laboratory.

A B S T R A C T

This proceedings report presents the outcomes from an international workshop supported by the European Society of Human Reproduction and Em-
bryology (ESHRE) and Alpha Scientists in Reproductive Medicine, designed to establish consensus on definitions and recommended values for Indicators
for the assisted reproductive technology (ART) laboratory. Minimum performance-level values (‘competency’) and aspirational (‘benchmark’) values
were recommended for a total of 19 Indicators, including 12 Key Performance Indicators (KPIs), five Performance Indicators (PIs), and two Reference
Indicators (RIs).

© 2017 The Author(s). Published by Elsevier Ltd on behalf of Reproductive Healthcare Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Performance Indicators (PIs) are objective measures for evaluating
critical healthcare domains (patient safety, effectiveness, equity,
patient-centeredness, timeliness and efficiency) (Kohn et al., 2000).
In the setting of a clinical laboratory, quality indicators are necessary

for systematically monitoring and evaluating the laboratory’s con-
tribution to patient care (ISO-15189:2012) and they represent an
important element within the quality management system (QMS)
(ESHRE Guideline Group on Good Practice in IVF Labs et al, 2016;
Mortimer and Mortimer, 2015). Currently, there are no established
PIs for assisted reproductive technology (ART) laboratories, and there
is very little published evidence on the topic.

This consensus document, which has not been subjected to independent peer review by the editors of Reproductive BioMedicine Online, is being
published simultaneously by Reproductive BioMedicine Online and Human Reproduction Open.

* Corresponding authors.
E-mail addresses: coticchio.biogenesi@grupposandonato.it (G Coticchio); zsolt.peter.nagy@gmail.com (ZP Nagy).

https://doi.org/10.1016/j.rbmo.2017.06.015
1472-6483/© 2017 The Author(s). Published by Elsevier Ltd on behalf of Reproductive Healthcare Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Min Bench

Taux de blastulation >40% >60%

Taux de blastocystes utilisables >30% >40%

Taux d�implantation (blasto) >35% >60%

Vers une définition TLI: tSB, tB, dB? Marqueurs précoces? IA? 



Conclusions



Bien connaître et choisir son système de culture

Adapter ses procédures (dégazage des boîtes, utilisation+++ d’huile de culture)

Connaître son environnement, si possible en période « dégradée »
(au moins une analyse de qualité de l’air portant sur les COVT et Aldéhydes)

Adapter la protection (filtres, surpression, renouvellement d’air, contrôle d’accès)

Surveiller: challenge+++, couts+++ >indicateurs seuls?

Information des patients sur le risque « environnement et fertilité » en amont de 
la tentative



Mais en pratique?





Valeurs rendues en ppm


