
Albert Einstein College of Medicine, Bronx NY
Montefiore's Institute for Reproductive Medicine and Health
ASRM Board of Directors, Publications Committee
Immediate Past President SART

Sangita Jindal, PhD, HCLD
Professor & IVF Lab Director

PCRS
MARCH 20-23, 2024
INDIAN WELLS, CA

Clearing the Air:
        Does Air Quality Matter?

Presenter Notes
Presentation Notes
Thank you to PCRS and the meeting organizers for inviting me to give this talk. I'm delighted to be here.READ SLIDEThe simple answer is a resounding YES!Imagine the most sophisticated IVF lab in the world, engineered by experts and outfitted with the most state-of-the-art equipment.Now imagine that same lab being run by staff that is not committed to preserving a clean lab environment.Over time, the lab staff begins to notice that the number of expanded blastocysts has decreased, and pregnancy rates are dropping by a percentage point or three.There is no single cause they can pinpoint, but they know something is suboptimal in the lab, which is the engine that drives the whole IVF program. 
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Learning Objectives
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• List Sources of air pollution in the lab

• Define what engineering controls contribute to clean lab air

• Apply good laboratory practice ensures clean lab air

• Practice Measuring lab air & associations with lab procedures

Presenter Notes
Presentation Notes
Happily, standard practice has evolved to include customization of new labs and continuous monitoring of the environment.Engineering controls are now an important aspect of the planning, design and construction of new labs.All this to say that good air quality is a prerequisite to safe lab practice and good outcomes. I will try to convince of this argument in the next 30 minutes or so.Gold standard laboratories are built with state-of-the-art equipment, skilled staff and a tightly controlled physical plant that includes clean air. Air quality can be maintained in a variety of ways involving engineering and also good laboratory practice, ensuring embryos are being cultured in optimal conditions. The original data on this topic was presented at international meetings but there are few publications from that time. I will describe concepts, and show some data from more recent publications to support those concepts, and finally I'll talk about measuring lab air quality and associations with lab outcome metrics.
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Presentation Notes
The air that surrounds us is defined by nature, events and human activity.The link between air quality and human health is indisputable. Many ailments, from cancer to heart disease, may be caused or exacerbated by air pollution.If humans with more than 3 Trillion cells organized into complex organs and systems are affected by air pollution, what risk does air pollution pose for human gametes and embryos?The vulnerability of gametes and embryos to environmental assaults stems partly from their inability to remove or neutralize contaminants at early stages of development.Historically, interventions have largely been focused on reducing infection through use of antibiotics and fungicides in the media.
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Experiments looking into air quality in IVF labs began in the late 1990s and was led by scientists and engineers such as Jacques Cohen and Antonia Gilligan. More recent pioneers in this field include Kathryn Worrilow, CEO of Life Aire.Using air sampling and analysis methods still in use today, it was unexpectedly found that outside air, even in major cities, was usually cleaner than the air inside laboratories!The most polluted air was detected inside embryology incubators!A number of factors contributed to this finding: old-school engineering during lab construction, design and manufacture of incubators, unmonitored and unfiltered gas supplies, total lack of awareness of the concept of off-gassing instruments, materials and disposables.
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Chemical Sources of Lab Contamination

Presenter Notes
Presentation Notes
I thought I’d introduce the topic of clean lab air by starting with what are the general types of pollution that we deal with in the lab.Activities occurring outside of the lab cannot be controlled by the IVF program and contribute a significant level of embryotoxic chemical and biological contaminants to the lab environment.The 4 most potent air pollutants are:1. Substances derived from building materials such as aldehydes from flooring adhesives.2. Small inorganic molecules such as nitrous oxide and carbon monoxide.3. Other compounds such as aerosols, propellants, heavy metals.4. Volatile organic compounds or VOCs. These are produced by almost everything else listed here.In addition, paper products may introduce particulate matter into the lab environment.



Sources of Lab Bioburden
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Presenter Notes
Presentation Notes
Outside air, patients, and lab personnel: all contribute bioburden in the lab, in the forms of fungi, bacteria and viruses.Bacteria can cause degeneration of embryos, while fungus can retard embryonic development.Suboptimal lab environments expose human gametes and embryos to contamination and stress. All of these factors can impact embryo quality leading to lower pregnancy rates and lower live birth rates.Next, I’ll describe specific sources of contamination in the IVF lab.



Lab Contaminant Source #1: Foot Traffic
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• Lab staff & visitors

• 1 B Human skin cells shed daily

• >10 M bacteria/cm2 human hand

• Dust is skin cells & bacteria 

• Aerosolized viruses such as COVID-19

Presenter Notes
Presentation Notes
Foot traffic in and out of the lab is a significant source of pollutants in the lab environment.It has been estimated that humans shed roughly 1 billion skin cells daily and each square centimeter of skin per human hand has a concentration up to 10 million bacteria.Desquamated human skin cells and bacteria associated with these skin cells, are an important contributor to particles in indoor air.Skin shedding may become airborne, deposit onto floors and other surfaces. Dust consists largely of skin cells and their accompanying bacteria.There have been published studies demonstrating human occupancy producing marked concentration increase of respirable particulate matter and bacterial genomes.



Lab Contaminant Source #2: Culture Conditions
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• Oil

• Media, reagents, supplements

• Single-use plastic ware

Presenter Notes
Presentation Notes
Culture media and reagents may also be possible sources of contamination. A mineral or paraffin oil overlay employed during embryo culture provides temperature, pH and osmolar stability.However, it has been demonstrated that oil may contain mold, zinc or peroxides that cause sublethal cellular damage.Depending on the storage conditions, peroxides may be generated which significantly and negatively impact blastocyst development.Water pans, water reservoirs, culture media are all strong aqueous sinks for many toxins and oil overlays are sinks for nonaqueous toxins.Most commercial suppliers of media, supplements, reagents and disposable plastic ware must adhere to stringent sterility requirements that greatly reduce the risk of contaminant transmission in the lab. Nonetheless, improper storage of supplies, or damage during packaging, or damage during shipping could inadvertently result in contamination.Improper handling of any sterile device such as allowing the outer wrap of a pipette to touch the pipette tip or media, could result in contamination.Attention must also be paid to sterilization methods. For example, a catheter should not be sterilized using ethylene oxide, as this can have deleterious effects on embryos.Particulate matter is also introduced when paper or cardboard is in the lab.



Lab Contaminant Source #3: Patients
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• Biological fluids from 
female & male

• Bacteria, fungus, viruses

• Bacteria is a killer, fungi 
can be washed out

Presenter Notes
Presentation Notes
Oocytes retrieved though the vaginal wall, and sperm delivered to the lab as semen, may be sources of bacteria, fungus and viruses.The most common fungal contaminants are mold and yeast.The most common bacterial contaminants are E. coli, mycoplasma, staphylococcus, gram-positive rods.Bacterial contamination most often results in the demise of the embryo in culture. In a 2013 study, the follicular fluid of 263 women was tested for the presence of bacteria. 100% of the samples had bacteria, the majority of which was sourced from the vagina. Follicular fluid is not sterile and can be a major source of contamination in the lab.However, fungal contamination identified in the early stages seems not to harm the embryo. In an Israeli study from the 1990s, seven pregnancies resulted from seven cases of fungal contamination.It seems that when fungi cause harm, it is either through depletion of energy substrates or through buildup of harmful metabolites. It appears that as long as the media is replaced and the fungi are removed, the embryos continue to grow.In the semen, the prevalence of bacteriospermia has been well-documented and may range from 10% to 100%.Centrifugation through density gradients will reduce the microbial load of contaminated semen, it will not necessarily reduce it to zero, especially if the microbes bind to the sperm.Antibiotic-rich media is often used to prepare the sperm which can reduce the microbial count by up to 95%.The presence of viruses in biological samples is another topic for another presentation but I will provide some engineering control advice in a few slides.



Lab Contaminant Source #4: VOCs
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The final source of contamination in the IVF lab I wanted to review is chemical. In particular Volatile Organic Compounds or VOCs.VOCs are substances that evaporate at room temperature and are commonly found in household products and building materials. 



Cairo Consensus 2018
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The Cairo Consensus was held in 2018, a workshop of international experts to establish consensus guidelines on IVF culture conditions.More than 50 consensus guideline points were established.This paper summarizes the consensus publication further.In particular it focuses on air quality in IVF labs.



Typical Organic Contaminants in ART Labs
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Mortimer et al., 2018

Presenter Notes
Presentation Notes
This is Table 3 from the Mortimer et al., paper describing the most common VOCs found in the IVF lab.VOCs are produced and released into the air from new equipment.VOCs are produced and released into the air from packaging of plastic ware. VOCs are released into the air when surfaces are wiped with 70% ethanol.VOCs are produced and released into the air when we use hand sanitizer which is alcohol.VOCs are produced and released into the air from perfume, from wipes used in the office and OR, from anesthesia gasses, from.Not all VOCs are toxic to gametes or embryos. Examples of non-toxic VOCs include silicones which are used in all incubator gaskets, in tubing.Why do we care so much about VOCs in the lab? 



VOCs Mechanism of Action
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• Numerous studies showing association of high VOC 
levels with impaired embryo development

• VOCs are both aqueous and oil soluble

• VOCs can attach directly to DNA during embryo 
development

• Early studies showed lower clinical pregnancy rates were 
associated with high VOC levels

Presenter Notes
Presentation Notes
VOCs are water soluble and oil soluble.So a water soluble VOC like acrolein can enter media and interfere with cell replication.Ethanol and formaldehyde are also water soluble and enter the media as VOCs.Benzene and styrene are oil soluble so these VOCs sink into the oil overlay of the culture dish.VOCs in the media and in the oil change the composition of the culture environment of human embryos.



Studies of Lab Air and ART
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Mortimer et al., 2018

Presenter Notes
Presentation Notes
This is Table 2 from the Mortimer et al. paper.You can see the number of studies that have been done specifically looking at air quality and IVF.Studies in mouse, bovine, human, some are observational, some are cohort studies, some are randomized control trials.As you can imagine, these studies are difficult to design because outcomes for patients are sometimes significantly impacted negatively in the study group. So much of our data comes from early studies that were based on old-style IVF labs built before we introduced modern engineering controls.There are several studies that show a direct relationship between clean lab air and IVF cycle outcomes.



Air Quality Associated with Lab Metrics
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Esteves and Bento, 2013

Presenter Notes
Presentation Notes
Several studies describe significantly improved IVF outcome measures after the lab has been retrofitted with air filtration controls.These studies report improved fertilization rates, usable blastocyst rates, clinical pregnancy rates, reduced no-transfer rates, implantation rates.Animal studies support a link between ART and imprinting disorders via altered methylation patterns of DNA. The data in humans is inconsistent but exposure of early cleavage stage embryos to lab stressors such as suboptimal air quality is still a topic of ongoing investigation.The two most common contaminants in lab air are VOCs and bio-pollutants.This is figure 3 from a publication in 2013 by Esteves and Bento.Data is presented for 4 discreet time periods.ICSI results are compared between the legacy IVF lab in 1999-2001 vs. ICSI outcomes from clean room IVF lab from 2002-2010.As you can see, the major difference seen is only in the percent of high quality embryos over the time periods shown, from 36.4% to 52.3%. The authors attribute this to better lab air in the new lab vs. the old lab.



Air Quality Associated with Lab Metrics
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Khoudja et al, 2013

Presenter Notes
Presentation Notes
This is figure 1 from a publication in 2013 by Khoudja et al.It depicts blastocyst formation, pregnancy rate and implantation rate for 3 discreet periods.Testing time 1 was prior to carbon filter change in the lab.Testing time 2 was after a new carbon filter was placed in the lab.Testing time 3 was after installation of a new carbon/VOC filter system.As you can see, all metrics improved particularly with VOC capture in TT3.



Air Quality Associated with Lab Metrics
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Heitmann et al, 2015

Presenter Notes
Presentation Notes
This is figure 1 from a publication in 2015 by Heitmann et al. This is the program at Walter Reed with Jacques Cohen as lab director at the time.This program had an old lab in 2011 and then moved into a new lab in 2012 due to a required move.All aspects of the lab including equipment, physicians, embryologists, nursing staff and protocols, were kept constant between facilities. The only changes were in environmental conditions due to improved engineering design.Air quality was improved at the new IVF lab. Implantation rates, live birth rates were significantly increased in the new facility. More patients met criteria for eSET due to more high quality blastocysts, which also resulted in more blastocysts being vitrified.



Air Quality Associated with Lab Metrics
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Munch et al, 2015

Presenter Notes
Presentation Notes
And finally, this is figure 2 from a publication in 2015 by Munch et al, the IVF group at Iowa and Amy Sparks is the lab director there.They retrospectively reviewed embryo development of fresh and frozen embryos before, during and after unintentional removal of carbon filtration from the IVF lab. Same time of year for all groups, HEPA filtration was continuously in use, no other change to clinical management or lab protocols.Panel A. cleavage rate, per diploid zygote in culture.B. day 5 blastocyst conversion rate, per diploid zygote in culture.C. proportion of good- or excellent-quality blastocysts among all diploid zygotes in culture. Notably, declines in cleavage and blastocyst conversion rates were noted during the Absent period only among fresh, not previously frozen, embryos.Differences between letter labels indicate significant differences (p<0.05) within each group (a vs. b for all fresh embryos, c vs. d for conventional insemination, e vs. f for ICSI, and g vs. h for frozen embryos). 



Modeling VOCs in the IVF Lab
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Fox et al, 2023

Presenter Notes
Presentation Notes
In 2023, Katy Worrilow and her group at Life Aire published this paper looking at modeling VOC levels partitioning from the air phase to the oil phase to the aqueous phase to the embryo.



VOCs in Air-Oil-Water-Embryo
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Fox et al, 2023

Presenter Notes
Presentation Notes
These authors concluded that there were 7 compounds that should be of great concern to the embryologist and to the clinician.These compounds included acrolein, formaldehyde, phenol.



Engineering Controls for Lab Air Quality

● Air filtration: pre-filters, activated 
carbon and potassium permanganate, 
HEPA

● Fresh air with majority recirculated, 
clean, warm air

● Positive pressure

● Minimum # of air exchanges per hour
PCRS
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Presenter Notes
Presentation Notes
So now that I have convinced you that the air quality in the lab is very compromised, I will give you the good news! That we now standardize engineering controls to tightly control the lab air environment. So the hardware is better. But we also have to manage the software, i.e. quality control and quality assurance on a regular basis.Therefore the lab should have a dedicated and specialized air handling system with positive pressure, higher filtration, higher frequency of fresh air exchanges.The lab should also have climate control, specifically of temperature and humidity.Air filtration systems should ideally be installed at the time of lab construction, in the duct work, to control the air flowing into the lab. Less ideally, labs can be retrofitted or have floor units containing fans and air filters to scrub the air already within the lab space.



Filtration for Lab Air Quality

● pre-filters

● activated carbon and 
potassium permanganate

● HEPA filter: high efficiency 
particulate air filter
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Presenter Notes
Presentation Notes
Filters have been described to me as parking lots with parking spaces for molecules. The filter will work as long as there are empty parking spaces but once all the spaces are occupied by molecules, the filter is saturated and will no longer absorb anything.In a basic 3-stage air filtration system for airborne particulate matter, incoming fresh air goes first through the coarse/pre-filter stage which filters large particles. Change the filter when saturation is reached: the darker the filter, the dirtier it is.The second stage of filtration utilizes activated carbon and potassium permanganate, which filters gases such as CO2, alcohols, aldehydes, refrigerants, acetone, styrene, benzene, toluene.Polar molecules such as aldehydes are absorbed by alumina, a filter media impregnated with potassium permanganate to create a powerful oxidizing media. These media bind gases which are then chemically broken down by oxidation. So this second filtration stage is a combination of activated carbon and potassium permanganate.The third stage of filtration utilizes HEPA, which filters particles greater than 0.3 microns.Fans are used to push the air through the filters.The air is heated and cooled as needed, humidified or dehumidified as needed and then pushed into the lab.Air into the lab is 20-30% fresh air, and the remaining air is recirculated through the plenum space. This air is already cleaned and warmed.



Air Handling System Design
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Esteves and Bento, 2013

Presenter Notes
Presentation Notes
This is figure 1 from a publication in 2013 by Esteves and Bento.It is a schematic representation of the cleanroom embryology lab and associated areas, including air flow patterns and filtration units.The air-handling ventilation unit room has a roof-top air-handling unit that draws outside air through coarse and activated carbon prefilters before it enters into the main ventilation unit. A free-standing main ventilation unit pulls prefiltered outside air and the cleanrooms’ return air through coarse filters, past a 16-unit potassium permanganate-impregnated pelletized coconut shell-based activated carbon filters and then through fine dust filters. Lastly, filtered air enters the cleanrooms through high-efficiency particulate air (HEPA) filter diffusers. Floor- and ceiling-level vents in the cleanrooms return air to themain ventilation unit to be remixed with the existing air. Differential positive pressure is maintained between rooms. The embryology laboratory/anteroom is positive to the operating room, which is positive to both the embryo-transfer room and the dressing room/hallways.



Life Aire System
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The Life Aire system is installed in several of my IVF labs. It follows the same principle as the 3-stage filtration process and has additional proprietary patented technology in addition.Road surfacing, parking lot paving, car exhaust, construction, wildfire smoke, all are neutralized with this system.I can tell you that the wildfire smoke of summer 2023 was a sentinel event. Wildfire smoke could be detected in the lab and the fresh air dampers had to be closed. But in my lab in NJ with Life Aire with fresh air dampers open had zero wildfire smoke detected within the lab space.The system is within the ceiling ducts, it eliminates 99.99% of VOCs on the first pass through the system.In addition to the air handling system, Life Aire has inline filters for tubing going from bottled gas to the incubators.



Engineering Maintenance for Lab Air Quality

● Test air handling system for 
pressure & balance

● Change filters as per schedule

● Test filter substrate to confirm 
filter life
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Presenter Notes
Presentation Notes
READ SLIDE



Good Lab Practice Strategies for Lab Air Quality

● Adopt a clean room philosophy

● Testing: MEA, sperm bioassay

● Checklists, checklists, checklists
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Presenter Notes
Presentation Notes
So I've described the hardware needed for lab air. Now we move to the software needed.The most important way to ensure a clean lab environment is to create an atmosphere of discipline, effective communication and general attention to detail among the staff.Have trained and experienced staff. Have tested equipment, commercially purchased and tested media and reagents, robust protocols, maintenance schedules.Most tests for IVF lab cleanliness are indirect. Unlike in-patient hospital stays and post-surgery assessments that measure the length of stay, readmission rates and outcome, IVF culture conditions can only be tested by bioassay which indirectly reflects the cleanliness of the environment.The MEA is widely used and has well-documented limitations.Both MEA and sperm bioassay measure chemical and biological contamination of the culture system.Endotoxins can also be measured specifically and reported to the end user.



Checklists, Checklists, Checklists

● Cognitive net that catches mental errors of memory, attention 
and thoroughness

● Allow for tracking & reliable communication

● Routine but critical items are not overlooked

● Good checklist are precise, efficient, easy to use, practical
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Presenter Notes
Presentation Notes
In The Checklist Manifesto, published in 2009, Dr. Atul Gawande describes the valuable and critical use of checklists in a number of professions. Using his own research, he designed a study to apply checklists to medicine and specifically to surgery, the findings of which were published in the New England Journal of Medicine. Dr. Gawande and his co-authors concluded that implementation of the checklist was associated with concomitant reductions in the rates of death and complications among patients at least 16 years of age who were undergoing non-cardiac surgery in a diverse group of hospitals.READ SLIDE



Sangita’s Clean Lab Maintenance Checklist

● Hygiene  Did you start by washing your hands?

● Cleaning  Did you finish by wiping down surfaces?

● Air Flow  Are laminar flow hoods on during the day?

● Waste Removal Are regular & biological waste removed?

● Protocols  Are detailed shutdown protocols followed?
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Presenter Notes
Presentation Notes
Here is an example of a checklist I use.READ SLIDE



Good Lab Practice for Lab Air Quality

● Frequent hand washing

● Use high quality distilled water

● Use 6% hydrogen peroxide to 
clean surfaces

● Laminar flow hoods

● Bi-annual cleaning of lab
PCRS
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Presenter Notes
Presentation Notes
High-quality distilled water is high-purity, non-pyrogenic, endotoxin- and MEA-tested commercially available for embryo culture.This should be used to clean surfaces and to dilute cleansers.Use 6% hydrogen peroxide when cleaning surfaces, followed by distilled water. This will not produce VOCs like ethanol will.Use lint-free wipes only.Laminar flow hoods have stable vertical unidirectional air flow that provides protection against contamination of items in the hood.Laminar flow hoods have HEPA filters and should be turned on during work hours.The only time I recommend against turning on the laminar flow hood is when working with virus-positive samples, eggs, embryos, semen. I do not want any virus particles to be come aerosolized and blow onto the lab staff while working with them.I get asked this all the time: Sangita, does the lab really need to shut down for cleaning in the summer and over Christmas? The answer is YES.



Good Physical Plant Controls for Lab Air Quality

● Lab is in protected area & has secure access

● Maintain scrub discipline

● Sticky or tacky mats at lab entrance

● Be attentive to sterile technique

● Supply unpacking & storage

● No painting, renovation, repair, paving, vibrations PCRS
MARCH 20-23, 2024
INDIAN WELLS, CA

Presenter Notes
Presentation Notes
Ensure the lab is in a protected and secure space, protected from toxic chemicals such s cleaning supplies, detergents, fragrances, fumes.Restrict access to the lab.Maintain scrub discipline, I cannot stress this enough.Tacky mats at the lab door capture dirt and dust from footwear as people are entering the lab.Skin cells and bacteria can exfoliate while reaching over dishes and cause inadvertent contamination.Supplies should be unpacked outside the lab area in order not to bring in cardboard and increase the air particulate counts.Supplies that are sterile and wrapped in plastic should be stored in cabinets or drawers to minimize introduction of off-gassing compounds into the air.



Good QC & QA for Lab Air Quality
● Reduce hazardous materials, remove waste daily

● Schedule & maintain equipment QC & QA

● Change water bottles, H2O2 bottles regularly

● Any changes to products? Evaluate before use.

● Cell phone use!
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Presenter Notes
Presentation Notes
Remove sterilizing products that contain ethylene oxide, betadine. We already got rid of mercury thermometers.Schedule and monitor equipment QC and QA. Avoid overuse, breakdown, expiry that can introduce contaminants into the lab environment. E.g. Use of gas tanks below 400 psi can stir up contaminants from the bottom of the tank into the gas supply.If there is any concern that a product is contaminating the lab environment, it should be removed from use, evaluated for toxicity by the vendor or by bioassay, and replaced with a tested product.All new supplies should be tested by bioassay prior to use.If I told my lab staff they could not have their cell phones in the lab, I think I would have a revolt on my hands. A cell phone or tablet that is used routinely outside the lab is one of the most highly contaminated items we own.I strongly encourage that the cell phone be wiped clean before entry into the lab and be used only during restricted times.



Measuring VOCs in the IVF Lab
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Presenter Notes
Presentation Notes
The last part of this talk is about measuring your system and ensuring optimal air quality as much as possible.Because despite the hardware controls such as filtration, air exchanges, positive pressure; and despite the software controls such as adherence to protocols and schedules and good tissue practice, VOC levels still move up and down all day long and in relation to lab activity.What is the cut-off fo VOC levels measured in ppb that one should be concerned with?And how do VOC levels correlate with lab KPIs?Here is an image of my Gray Wolf VOC analyzer. It is hand held but can also be mounted on a counter. It captures lab air into probes in real-time every minute, logs the data and allows for data capture for graphing and detection of trends.It measures VOC levels, temperature and humidity.I do measurements during patient series and between patient series routinely in all my labs.We collect the data and look at it every month.



VOCs Limits in the IVF Lab
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Mortimer et al., 2018

Presenter Notes
Presentation Notes
The cut-off we use to feel comfortable that our lab air is optimized is 500 ppb total VOC. This is within the range suggested by the Cairo Consensus.
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They Paved Paradise in NY
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Presentation Notes
Here’s a great example of what happened in my NY lab when they paved the rear parking lot of our medical arts building with no notice.We had the Gray Wolf meter collecting data in real time, we were able to measure the VOC levels in the lab as a result of the asphalt used outside. Our fresh air intake is on the roof but it still brought in air that exceeded the ability of the air system to scrub it. We could smell asphalt in the lab. We hurried to close the fresh air dampers and we tried to work quickly in the lab to ensure minimal exposure of gametes and embryos to lab air.There were 2 spikes of VOC measured in the lab one day after the other. We mitigated impact on embryo culture in this case.



Santa Barbara Patient Series
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Presenter Notes
Presentation Notes
Here is a more typical graph of data, this is a 21 day period of time during a patient series in my Santa Barbara lab.As you can see the VOC level is vanishingly low, less than 250 ppb ever and usually below 200 ppb. The only times it spikes is during wildfire season and during atmospheric river rainfall events when humidity spikes in the lab and the VOC levels start to approach 500 ppb.So each month I review graphs like this, showing the range of VOCs over the course of patient culture.
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Miami Patient Series
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Presenter Notes
Presentation Notes
This is another way of graphing the data. Here I’m showing the range of VOCs over the course of a patient series and have numbered the retrievals and transfers per day.Again, the VOC levels are terrific on average, well below 500 ppb. My medical director likes to see this, to ensure that we are controlling for all possible variables and optimizing conditions as much as possible in the lab.



Seattle Patient Series

PCRS
MARCH 20-23, 2024
INDIAN WELLS, CA

Presenter Notes
Presentation Notes
In my Seattle lab, this is a legacy lab. One that is built from an old research lab, part of a busy walk-in medical building on campus  that shares plenum air with every other office in the building and last but not least, it is located above an underground parking garage!The good news is that the lab is very conscious of air quality and very strenuously manages this potential issue and mitigates any risk to patient cycles.We have been measuring VOC levels for a few years now. Interestingly during the height of the pandemic, June 2020, our lab VOC levels spiked to 500 ppb and above. Weird.



Seattle Patient Series
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Presenter Notes
Presentation Notes
We took a closer look at that time period, June of 2020. These are the points circled in red.We decided to add additional scrubbers to the lab and added in a CODA tower. This additional filtration brought the VOC levels down once more below 500 ppb.As I said, all my labs and particularly Seattle given their physical plant challenges, are very mindful of lab air quality and are able at all times to guarantee and optimized and controlled physical environment for gamete and embryo culture.



Seattle Patient Series
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Presenter Notes
Presentation Notes
Daily Min and Max VOC values plotted against Max outside temperatures. Red line indicates 500ppm threshold. Lab has struggled to maintain levels below threshold during the week, possibly due to air conditioning requirements to keep inside temperatures cool and therefore reducing amount of fresh air intake. When VOCs exceed the 500ppb threshold they are remaining elevated on average 11hrs, rising around 9-10am and remaining elevated through midnight. Note that weekend VOC levels return to within or close to threshold (marked by blue columns). Currently the lab has 2 x coda towers and 2 x air scrubbers running. 



Seattle Patient Series
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IVF KPI MATURITY (%) FERTILIZATION RATE 
(%)

BLASTOCYST RATE 
(%)

EUPLOID RATE 
(%)

1st QUARTER RESULTS
(1/1/21 - 3/31/21)

455/577
(79%)

314/422
(74%)

239/334
(72%)

89/179
(50%)

6/13-7/17/21 OUTCOMES
(n=18 cycles)

219/251
(87.3%)

147/219
(67.1%)*

104/147
(70.7%)

18/33
(54.5%)

NB: 6/13-7/17/21 outcomes only for IVF/Fz all patients. Egg cryo/donor egg cycles not included

* Borderline significantly different (p=0.52)

Presenter Notes
Presentation Notes
Comparison of 1st quarter lab KPI with current date range suggests that most KPI’s remain steady. Although the fertilization rate is showing a borderline significant drop this appears to be due to a single patient outlier affecting the results and no other KPIs appear to be affected. However, continued monitoring may be warranted as VOC levels continue to exceed our threshold and current air handling systems are unable to reduce VOC’s to within our desired range.



In Summary
● Maintain lab air quality for optimized IVF outcomes

● Most pollutants are aldehydes, VOCs, biologicals from staff, patients

● Use hardware engineering controls to HVAC

● Use software controls of rigorous QC & QA

● Measure VOCs, temperature, humidity

● Track VOC data to lab outcomes & KPIs
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Presenter Notes
Presentation Notes
READ SLIDE



Thank You

sangita.k.jindal@gmail.com  |  sjindal@montefiore.org

www.sangitajindal.com
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