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Plan for today

• What do I do?

• Hospital infections
• Hospital regulations standards
• Possible approaches for OR design
• Simulation / visualization
• Summary and take home
• Discussion



Interventions in structural heart disease



Improved LV monitoring

• During surgery • In intensive care



Practical XR applications



Serious games 



Surgical planning



AR bronchoscopy



XR teaching tools



XR collaboration



XR - NE VR MIND 



XR - Sleep paralysis 



Hospital infections



Hospital infections



Why are they important?



Patient discomfort



Hospital infections (for Germany)



Why focus on the OR?



Difficult problem



The sterile space



One way of looking at it:

Lidwell study, 3 countries over several years 1980s



Operating theater what is important

1. Ventilation
2. Filtration
3. Temperature and Humidity Control
4. Air Quality Monitoring
5. Zoning Systems
6. Exhaust Systems



Energy usage



Clean rooms are they only medical?



Main tasks

• Prevent air born infections during surgery / dilute airborne 
contamination

• Control air movement within the suite to limit transfer of airborn
contaminants

• Manage thermal loads / space humidity
• Remove harmful gases
• Comfortable climate in the OR - > patient + clinicians



But we have good universal standards?



Relevant European Guidelines:

• National Guidelines and Standards for OR Ventilation

• Swedish Standard SIS-TS 39:2015

• Dutch standards – FMS:2022/WIP:2014/VCCN Guideline 
7:2017

• German standard – DIN 1946-4:2018-09

• UK Guidelines - Health Technical Memorandum 03-01

• US standard – ANSI/ASHRAE/ASHE 170:2017



Comparison



Ultra-clean ventilation

- Howorth Air Technology Ltd
- John Charnley
- Started in 1960



Ultra-clean ventilation





Definition

• Ultra clean air = not more that 10 CFU/m3 (0.3 CFU/ft3)

• CFU = Colony-Forming Unit
• viable (living) bacterial or fungal cells

• UCV commonly used in orthopedic surgery



Typical OR ventilation system



Types

• Nowadays only vertical systems (horizontal ones are outdated)
• Flow type:





OR temperature



Door 
openings



What solutions are available?



Air curtain UCV



Air curtain UCV

• Standard systems use a central laminar air diffuser, surrounded 
by air curtain diffusers on 4 sides

• High velocity of the curtain causes entrainment
• Many systems are low flow thus dilution is limited
• Can be challenging to have high enough velocity in the center



Side note: Entrainment

https://hogback.atmos.colostate.edu/cmmap/learn/clouds/howForm3.html



Partial wall UCV with low level returns



Partial wall UCV with low level returns

• Provides good performance overall
• Requires a large enough area
• Requires adequate levels of flow

• Low flow or small area leads to entrainment and low-level dilution

• Come in various shapes and sizes

• Can increase maintenance costs -> additional service requirements
• More costly to install -> additional infrastructure



Partial wall UCV with low level returns



Fully enclosed UCV



Fully enclosed UCV

• Excellent downflow
• Entrainment not an issue

• Lower CFU count at the wound site

• But extremely constricting for the staff and 
equipment usage



Partial wall style UCV



Partial wall style UCV

• Very popular in UK
• Fully compliant HTM 03-01
• Different sizes available from 2.8x2.8m up to 3.5x3.5m
• Side screen prevents entrainment
• No requirement for low-flow recirculation
• Modular construction -> lower costs to install
• Steel perforated diffusers -> easy to clean



Partial wall style UCV



Screenless canopy – low level recirculation



Screenless canopy – low level recirculation



Screenless canopy – low level recirculation

• Popular in Europe, low velocity systems
• Usually at least 50% recirculation of supply air -> increased costs
• Very flexible since there are no screens
• Costly to install & maintain

• Additional infrastructure
• Additional service requirements



Screenless canopy – integrated recirculation



Screenless canopy – integrated recirculation



Screenless canopy – integrated recirculation

• Compliant with HTM 03-01, UK designed and manufactured
• Standard UCV technology

• Low maintenance costs

• Fully integrated system
• No need for recirculation ducts, additional fans or cooling coils

• Flexible, no side screens



Temperature-controlled airflow systems



Avidicare - Temperature-controlled AirFlow (TcAF)

TcAF is a unique way to move airborne contaminants from their 
source to somewhere where they do no harm with very high 

ventilation efficiency.



Opragon 8, Avidicare



Opragon 8, Avidicare

• Low-turbulence airflow is 1.5-2C cooler than the room 
temperature

• Cooler air generates a gravitational effect 
• Consistent downward airflow
• Comfortable thermal environment

• Smaller footprint in the ceiling
• Contamination displaced towards the periphery
• Low turbulence in both central and peripheral areas



Opragon 8, Avidicare



Simulate air flow in the OR

• Use CFD (Computational fluid dynamics) to simulate a given 
scenario

• Optimize for thermal comfort and / or contaminant transmission
• What is needed

https://www.byv.kth.se/en/avd/byggteknik-och-desig/2.4084/design-of-hospital-operating-room-
ventilation-using-computational-fluid-dynamics-1.27399



Simulation output

Sasan Sadrizadeh
https://www.byv.kth.se/en/avd/byggteknik-och-desig/2.4084/design-of-hospital-operating-room-ventilation-
using-computational-fluid-dynamics-1.27399



Compare UDAF (a, b) vs. TcAF (c,d)

Wang et al 2019



Can we visualize airflow?



VR visualization

Sadeghian et al. 2021



VR visualization

Sadeghian et al. 2021



Take home message: focus on the OR!



More than just room design!



Health care ventilation aspects:

• Design considerations
• Space
• Energy
• Maintenance

• Ventilation type
• Laminar
• Dilution
• Displacement

• Design principles
• Airflow pattern (direction usually vertical)
• Air filtration
• Ventilation rates
• Temperature and humidity control

• Look at the entire lifecycle of the system



In the investment justified?

• Just looking at the numbers:
• Initial investment UCV: 100,000-200,000 USD
• Maintenance: 3,500-7,000 USD / year

• One OR/ year:
• 1000 surgeries / year
• 1-2% infection rate
• Cost of one SSI 20,000 USD 
• Cost of SSI / year: 200,000-400,000 USD

• One OR / 20 years
• 4-8 million USD SSI related -> 200,000 investment is justifiable!
• And many patients will thank you!



Discussion / reflection

• How important is standardization for your project?

• Which standard is most relevant?

• How can it help improve the design an operating room?

• How about the life cycle of the OR?

• What about other rooms? ICU? Patient rooms?



Resources

Hospital ventilation
• https://www.slideshare.net/slideshow/ultra-clean-ventilation-for-

operating-theatres-236360687/236360687
• https://www.slideshare.net/slideshow/international-standards-in-

comparison/8919020

White paper Avidicare
• https://www.avidicare.com/opragon/

Standards folder

https://www.slideshare.net/slideshow/ultra-clean-ventilation-for-operating-theatres-236360687/236360687
https://www.slideshare.net/slideshow/ultra-clean-ventilation-for-operating-theatres-236360687/236360687
https://www.slideshare.net/slideshow/international-standards-in-comparison/8919020
https://www.slideshare.net/slideshow/international-standards-in-comparison/8919020
https://www.avidicare.com/opragon/
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