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Objectives: Embryology laboratories’ air quality affects the success of human assisted reproduction. In this paper we made a
review of studies that assessed the importance of air quality control of embryology laboratories in the success of assisted human
reproduction. Methods: A systematic review was made with studies presented in the following database: PUBMED, Lilacs and Scielo
submitted. The researched articles refer to the years 1996 to 2016, in Portuguese, English and Spanish. The keywords were air quality
control, in vitro fertilization, embryology, assisted human reproduction, laboratory environment, volatile organic compounds and
clean room. Results: Thirty three articles were found. From these, eight studies fulfilled the inclusion criteria. All of them used air
filters. Conclusions: The reviewed studies show a trend of improvement in pregnancy rates due to the introduction of filters in IVF
laboratories. Apparently, the greater the level of control of environmental pollution and elimination of VOCs.
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In the last decades there was a significant increase in the number of assisted reproduction centers. Brazil is slowly
moving forward towards an appropriate regulation for the operation of those laboratories. For example, while some
centers perform the oocyte pick up in an operation room, others have built a room with positive air pressure and specific
filters aiming to avoid the contact of gametes with chemical and volatile products.

Several factors may interfere in the air quality of IVF laboratories and must be followed with periodic records,
readjustments and monitoring of the operation for an effective environmental control. Temperature, air humidity,
atmospheric composition (amount of solid microscopic pollutants and volatile organic compounds), among others items
are observed.’

The High Efficiency Particulate Arrestance (HEPA) filters are very effective for solid microscopic pollutants and the
activated carbon or potassium permanganate filters for the volatile organic compounds (VOC). According with Bento
and Steves,?* the removal of VOC should be an integral part of the air cleaning in IVF environments.

The aim of this study was to do a systematic review of studies that evaluated the impact of air quality in IVF laboratories
on the outcomes of human assisted reproduction.
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It was performed a systematic review of literature. The key words applied for research were “air quality control”,

“in vitro fertilization”, “embryology”, “assisted reproduction”, “laboratory environment”, “volatile organic compounds”
and “clean room”.

The databases Pubmed, Lilacs and Scielo, articles in English, Portuguese and Spanish between 1996 and 2016 were
consulted. Two blinded and independently authors selected the studies with proper methodology. Cases in which there
was disagreement, the opinion of a third author was utilized. Following that, the tabulation, analysis and interpretation
of the data for the review construction were made.

The clinical trials which related the clinical pregnancy rates when the IVF was performed in a room with better air
quality control were included. These rooms could have any kind of barriers against pollutants, such as HEPA or VOC
filters. Studies where animal models were used, or when only the internal air of the incubator was assessed was excluded.

The reading of the abstracts was the first step. Following that, a full reading was made and the references of those
articles were included in the study (Figure 1).
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Figure 1. Flow chart of used methodology in the systematic review.

There were found 39 published articles and upon the reading of their abstracts, 34 were selected and fully read.
It was included 4 studies. Reviewing their reference lists, other 3 studies were selected and included.
Among the studies 5 were from USA, 1 from Brazil and 1 from China.

All studies used air filters in order to obtain a good environment quality inside the laboratory. It was used HEPA or
VOC filters, and their association (Table 1).

There was only one study where the HEPA filter was not used, and it was the only without an increase in IVF and
clinical pregnancy rates.
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Table 1. Analyzed studies, overview

Increase Clinical
Reference Year Place Design Air filters of IVF pregnancy
success rates
Booneetal® 1999  USA Retrospective cohort HEPA + VOC active carbon + KMnO, Yes 16% to 59%
) ) o ) Class 1000: 32.7%
Gomesetal® 2003 Brazil Prospective qualitative HEPA + VOC active carbon Yes
Class 100: 43.1%
Jindal et al.” 2008 USA Retrospective cohort HEPA + VOC + KMnO4 Yes 46.8% vs 32.9%
Dickey etal® 2010  USA Retrospective HEPA + VOC active carbon Yes 63.4% vs 46.4%
Khoudja etal.® 2013 China Prospective cohort HEPA + VOC active carbon Yes 40.6% to 54.6%
Formanetal 2014 USA Prospective Descriptive ~ HEPA + VOC active carbon + KMnO4 Yes Increase
Munch etal.”™ 2015 USA Retrospective cohort Active carbon No Unchanged

In a retrospective cohort study with 275 couples that underwent IVF between 1993 and 1997, Boone et al.> observed that
the pregnancy rate presented a decline of 45% in 1993 to 16% in 1994, when odours and vapours were inserted in the
laboratory. The pregnancy rate had a slight increase to 20% in 1995 after implementation of a clean room, and severely
in 1996 and 1997 to 25% and 59% respectively. Important variables such as mother's age, initial sperm concentration,
percentage of patients submitted to ICSI, percentage of women over 39 years old and reasons leading to IVF procedures
did not differ between the groups. This study therefore supports the premise that volatile compounds decrease the
implantation and pregnancy rates in IVF programs.

Another publication had similar result. Gomes et al.® realized a prospective qualitative study with 468 ICSI cycle performed
between April 2000 and December 2003. The cycles were divided accordingly with the place where they were held: IVF class
1.000 laboratory (ISO 6; n = 220) or class 100 (ISO 5; n = 248). The class 1.000 laboratory was equipped with positive pressure
and terminal HEPA filters, in addition to a VOC and particles decontamination unit. In the Class 100 laboratory an air treatment
central composed of a positive pressure system, terminal HEPA filters and active carbon filters impregnated with potassium
permanganate were used to filter and remove the particles and VOCs from IVF laboratory and adjacent areas: surgical center
(class 1.000), changing room and embryo transfer room (class 10.000). In both laboratories, HEPA filters with active carbon
were installed between the CO, supply system and the incubators. It was noticed that a clean room class 100 (ISO 5) with a
treatment of the environmental air for the gamete micromanipulation and embryo culture significantly increased the cleavage
rates, embryo quality and pregnancy rates. There was also a decrease in the spontaneous abortion rates.

In a retrospective cohort of 2008 Jindal et al.” collected data of patients for 10 months prior (n = 201) and after (n = 173) the
building of a new laboratory. The old laboratory was projected for fresh air uptake only. The new laboratory has hermetical
sealing and was planned with air change, positive pressure, HEPA and potassium permanganate filters. The variables
remain unchanged between the periods of time. Despite the smaller number of embryos transferred after the construction
(2.9 versus 3.1), the clinical pregnancy rate was statistically higher in the controlled environment group (46.8% versus
32.9%). The pregnancy rates of women bellow the age of 38 years was the most affected by the engineering controls
(54.1% versus 37.5%). The analysis showed that the engineering controls after the constructions were associated with higher
rates of pregnancy rates (OR 1.94, 95% Cl: 1.2-3.2, p<0.01) after adjusting for age, FSH, number of transferred embryos,
sperm motility, number of recovered oocytes and number of embryos at day three.

Dickey et al.® conducted a retrospective study of the fertilization and early pregnancy rates for all patients of IVF and ICSI
with age bellow 45 years old. The variables were compared for the 36 months before and 15 months after the occupation
of a new IVF laboratory that incorporated improvements to the air quality. In the old laboratory there was less air vents for
air change and after 03/18/2007 the new laboratory started to count with an air-filtering unit with HEPA and active carbon
filters, designed for IVF laboratory use. The results were compared in three periods of time: | old laboratory (01/01/2006 to
01/18/2007 n =102), Il old laboratory (03/19/2007 to 12/31/2008 n = 120), Il new laboratory (01/01/2009 to 03/15/2010 n = 102).
The implantation and clinical pregnancy rates were significantly higher in the group Ill. Thus, the environment air quality
affected the gamete and embryo quality when they were outside of the incubator controlled environment.

Accordingly with Khoudja,® based on a prospective cohort study, the air quality it is crucial for IVF success, given the presence
of VOCs and microorganisms in laboratory air may be harmful to the embryo’s in vitro development. To do so, the study with
1403 cycles of assisted reproduction has instituted IVF laboratories supplied with HEPA and active carbon filters, in addition to
positive pressure for air particles, with or without VOC filters. This article also introduces a new technology that uses a honeycomb
array for air purification. There was a clear decline in some VOCs such as formaldehyde, ethylene, acetylene, propylene, SO,,
pentane, NOx, benzene, Hallon-1211, CGC and alcohol. At the same time, a significant difference was found in some parameters
between the third testing time TT3 after the carbon filter change and Landson system installation and the first testing time TT1
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before carbon filter change. The differences were on fertilization rate 83.7% vs 70.1%, embryo cleavage rate 97.35% vs 90.8%,
day 5 blastocyst formation rate 51.1% vs 41.7%, pregnancy rate 54.6% vs 40.6% and implantation rate 34.4% vs 26.4%.

Forman' carried out a prospective descriptive study in an IVF laboratory equipped with a central air purification system
that includes a HEPA filtration, active carbon filters and potassium permanganate. Also, the corridor outside the laboratory
was equipped with an unfiltered air system. A central filtration system were suggested to reduce the concentrations of
aldehydes, VOCs, and particle in the IVF laboratory. Moreover, reductions in those parameters were observed after the
CODA tower. It was highlighted that the increase in the concentration of acetonitrile inside the laboratory was probably
due to off gassing of the plastic sheeting used to seal door and air vents.

In a retrospective cohort study of 2015, Munch et al.'" analyzed assisted reproduction cycles. The embryo development
and the results based in the cycles were compared between three groups: 1) when there was carbon filtration; 2) when there
was not carbon filtration; 3) when the carbon filtration was restored. Rates of fertilization, cleavage and blastocyst formation
declined during the absence of carbon filtration, and recovered after the re-introduction of the filtration. However,
cryopreserved embryos that were thawed and afterwards cultured were similar in cleavage or blastocyst conversion rates
with or without the carbon filtration. Clinical pregnancy and live birth rates were similar among the three time periods.

For Morbeck,'? there is a lack of evidence for better practice, since informal reports relating the air quality and IVF success
rates have resulted in recommendations or small directives for laboratory’s operation based in clean rooms standards with
little attention to air chemical filtration. Thus a new industry of expensive and specialized air management equipment for
IVF laboratories has emerged to provide air quality solutions that were not yet clearly verified. The clinics are incorporating
such technology because their embryology laboratories became epicenters of assisted reproduction technology, as IVF
practices have become increasingly specialized. Besides, the laboratory's capacity of culture, biopsy and blastocyst freezing
it's a rate-limiting step that depends on technical proficiency and supportive and stable culture environment with high
quality of air. The air quality may affect the IVF results, however there are few controlled studies about the quality of the
air. As a result, the scope is left with minimal industry standards and costly solutions that are not evidence based.

The reviewed studies have shown a trend of improvement in pregnancy rates due to introduction of air filters in
IVF laboratories (Table 2). Apparently, the higher the level of ambient pollution control and VOCs elimination in those
places, the higher the IVF success rate. If on one side there is few evidence that the particle filtration itself improves
the IVF results, on the other side, available studies suggest that filtration systems should focus, exhaustively, on VOCs
elimination. New studies are necessary for effectively access the benefits of air filtration systems with their costs.

Table 2. Presentation of results found in systematic review

Number of
Reference Year °.f ‘A|r Clinical pregnancy rates Fertilization rates T T TGS
analysis filters embryos
(mean)
Boone et al.’ 1993-1997 Yes Class 1000 - Class 100 16% - 59% 60.2% - 74.1% n/a*
Class 1000: 32.7% 70% 3.4
Gomes et al.® 2000 - 2003 Yes
Class 100: 43.1% 71.4% 33
Class 1000: 32.9% 3.1
Jindal et al.” n/e* Yes ’ . There WL LIeLE
Class 100: 46.8% significant difference 2.9
Class 1000: 44.1% 74% 8.8
Dickey et al.® 2006 - 2009 Yes Class 1000 + class 100: 46.4% 73% 5.8
Class 100: 63.4% 81% 1.0
Class 1000: 40.6% 70.1% 2.3
Khoudja et al.’ 2011 Yes Class 100: 46.7% 72.3% 2.2
Class 100: 54.6% 83.7% 2.2
Class 1000: n/a* n/a* n/a*
Forman et al.™ n/e* Yes
Class 100: n/a* n/a* n/a*
Class 100: 56.3% 64% 2.3
Munch etal.  2010-2012 tes Class 1000: 50.3% 59% 2.2
Class 100: 56.1% 65% 2.4
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