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New challenge
or not?

1882 Joseph Lister –

Phenol (fenol, karbolsyre) 
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Background
• Hospital-acquired infections are a major challenge to patient safety: 4.5 per 100 

admissions and almost 5% deaths resulted from or were associated with a 
hospital-acquired infection. 

• High mortality rate in operating rooms- 313 million surgical procedures are 
performed worldwide each year and at least 4.2 million people worldwide die 
within 30 days of surgery annually (the 3rd highest cause of mortality in the 
world).

• Very high energy consumption for indoor environment control in operating rooms 
(50-100 times of ventilation rate comparing residential and commercial 
buildings). 

• Very high indoor air quality requirements (10-100 colony forming units CFU/m3, 
while 1000-5000 CFU/m3 in residential buildings).
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Parameter 
requirements for an 
LAF-equipped OR 
environment in eight 
current European 
standards (Aganovic, 
2019)
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Clinical studies reporting incidences of deep SSIs after total arthroplasty 
surgeries for LAF vs MV systems in ORs (Aganovic, 2019)
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Challenges
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• Whether surgical facilities affect laminar airflow?

• Does thermal plumes from a patient affect laminar airflow?

• Whether mixing ventilation is better than laminar airflow?

• Can we get 10 CFU/m level in ORs with mixing ventilation?
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Mixing ventilation in an OR

● Mixing ventilation (Nilsson, 2003; Nilssen, 2018)
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Laminar
airflow system 
in an OR

● Laminar airflow systems (Nilsson, 2003; Nilssen, 2018)
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Case 1 Field measurements at St. Olavs Hospital

A photo of the OR at St. 
Olavs hospital

Locations of

measurement instruments
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Measurement conditions
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Measurement
results

• The measured fine particle concentration and CFU, I) 0.3-0.5 micron, II) 0.5-1.0 micron,
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Case 2 Whether surgical facilities affect laminar airflow?

Impact of surgical lights on the velocity 
distribution and airborne contamination 
level in an operating room with laminar 
airflow system
Building and Environment, Volume 
126, December 2017, Pages 42-53
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Laminar airflow was destroyed under operating conditions !!!
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Case 3 Measurements with thermal manikin in an OR 
with MV and LAF

• a) LAF, b) MV
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Summary of measurement conditions for 4 cases and 2 
scenarios
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Velocity distribution over a 
simulated patient in scenario 1

Velocity contours above a lying

patient surrounded by 3 surgical staff 

(scenario 1), including cases 1 and 2. 

(a) Above-the-waist position with an 

LAF system,  (b) above-the-waist

position with an MV system, (c) 

above-the-pelvis position with an LAF 

system, and (d) above-the-pelvis

position with an MV system. 
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Velocity distribution over a 
simulated patient in scenario 2

Velocity contours above a lying patient

surrounded by 3 surgical staff (scenario 1), 

including cases 3 and 4. (a) Above-the-waist

position with an LAF system, (b) above-the-

waist position with an MV system, (c) above-

the-pelvis position with an LAF system, and 

(d) above-the-pelvis position with an MV 

system. 
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Case 4 Measurements of CFU in 
an OR with MV

• Mock up surgery at St. Olavs hospital
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Control measure:
Movements and activity level
A predefined movement and action plan for each 
member of the staff
Number of people present
5 staff members and 1 patient
Door openings
Talking
All staff members say the alphabet out loud every 
7

th
minute

Operation length
2 hours
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Ventilation in an OR with MV
• Mixing ventilated operating room, located at the

emergency, hearth and lung centre at St.Olavs

hospital, Trondheim, Norway

• 22,5 air changes per hour

• 5 Pa overpressure in relation to surrounding

rooms

• Four ceiling mounted radial diffusers

• Two exhaust locations in the room →One high

and one low mounted exhaust grill at each
location

• 23°C setpoint for room temperature

• CFU/m3 measurements of empty room, showed

0CFU/m3
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Results of measured CFU
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Conclusions
• In operating theatres, many factors, including the use of operating lamps, 

the number of staff, supply airflow rate may influence the local indoor air 
quality inoperating rooms with MV and LAF. 

• These internal heat sources in an OR with LAF, like facilities and human 
bodies, will generate various forms of thermal plumes, which have great
potential to hinder clean airflow to the surgical site. 

• Under certain operating conditions, mixing ventilation may distribute clean 
air effectively to the operating microenvironment.

• Lower CFU level may be achieved in ORs with Mixing ventilation when using 
proper surgical clothing with lower activity intensity. 
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