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• IVF laboratories have increasingly adopted extended embryo culture and benchtop incubators, including those with time-lapse 
modules, many of which operate under dry conditions1.While dry incubators offer benefits such as faster recovery times after door 
openings and reduced contamination risk due to the absence of standing water, their growing use has reignited concerns about 
media evaporation and the resulting increase in osmolality during extended culture1.

• Although oil overlays can help buffer against pH and temperature fluctuations, they do not fully prevent evaporation-related 
osmolality drift in dry environments2. In contrast, humidified incubators mitigate this risk by stabilising osmolality, thereby creating 
conditions more closely aligned with the in vivo environment1.

• Mammalian embryos thrive within a narrow osmolality range (255-295 mOsm/kg3). Deviations from this range can impair 
cell function, alter developmental timing and reduce viability3.This white paper synthesises evidence from basic research through 
clinical studies to highlight the critical role of humidity control in optimising embryo culture conditions.

geneabiomedx.com

Genea
BIOMEDX
ACADEMY

QRTM556-02

THE SCIENCE OF INCUBATOR HUMIDITY: 
DOES IT REALLY MATTER FOR IVF 
OUTCOMES?



QRTM556-02 geneabiomedx.com

# indicates conference abstracts from ASRM

2. Basic Research: Humidified Incubators Minimise Osmolality 
Increase Across Culture Conditions

As summarised in Table 1, basic research across a wide variety of culture systems， including different media types, oils, 
dish designs and incubator models, consistently shows that dry incubators lead to osmolality increases of 20-40 
mOsm/kg over 5-7 days of continuous culture.
In contrast, humidified systems maintain stable osmolality levels. These findings persist across diverse experimental 
variables, emphasising evaporation as a universal challenge in dry cultures.While modifications such as optimising oil 
type, dish configuration and media-to-oil ratios can help mitigate evaporation, none match the consistency of 
humidified conditions in stabilising osmolality.

Table 1. Basic research studies of osmolality changes in dry vs. 
humidified incubators
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3. Clinical Evidence: Retrospective Studies Suggest Better Outcomes 
with Humidified Culture

Retrospective studies conducted in IVF clinics suggest that humidified incubation is associated with 
improved embryo development and/or clinical outcomes, including higher blastocyst formation rates, 
improved embryo quality and better pregnancy and implantation outcomes. Although not all 
differences reach statistical significance, the overall trend observed across various culture platforms 
supports the benefit of humidification. Notably, the only study that did not observe differences used 
sequential media with a Day 3 medium change, a practice that may mitigate the risks associated with 
single-step, uninterrupted culture in dry incubators9. See Table 2 for detailed results and comparisons.

Table 2. Retrospective clinical studies comparing 
dry vs. humidified incubation

*indicates statistical significance; # indicates conference abstracts from ESHRE or ASRM
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4. Clinical Evidence: Randomised Controlled Trials (RCT) and 
Sibling Oocyte Studies Reproducibly Favour Humidified Culture

Randomised controlled trials and sibling oocyte studies (summarised in Table 3) offer compelling 
evidence that humidified incubation improves embryological and clinical outcomes.These study designs 
minimise confounding by controlling for inter-patient variability, and consistently demonstrate higher 
rates of blastocyst development, better embryo quality and increased pregnancy success in humidified 
environments. Such studies provide the strongest evidence base in support of humidified culture 
systems.

Table 3. Randomised clinical studies comparing dry vs. humidified 
incubation

*indicates statistical significance; # indicates conference abstracts from ESHRE or ASRM
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CONCLUSION AND TAKEAWAYS

• Evidence from basic science, retrospective clinical studies and randomised controlled trials 

converges on a single conclusion: humidified culture environments support superior embryo 

development  and clinical outcomes in IVF.

• This finding is particularly relevant in light of the increasing adoption of extended, 

uninterrupted culture using single-step media, where osmolality stability becomes a critical 

factor.

• This conclusion aligns with the Cairo Consensus Guidelines on IVF Culture Conditions18, 

which state:“embryologists should consider humidification as an obvious choice for culture, 

but only if incubator manufacturers recommend the use of humidification.”

• Given the consistent results across a range of systems and methodologies, IVF laboratories 

should critically assess their incubator configurations.

• Strategies to mitigate osmolality drift in dry incubators include the use of outer well media, 

water dishes, optimisation of oil and media types and volumes, and scheduled media renewal.

• However, selecting an incubator that supports a fully humidified culture environment remains 

the most reliable approach to maintaining optimal conditions and improving IVF success.


