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Focus: surgical microenvironment
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Aganovic, A., 2019. Airflow distribution for 
minimizing human exposure to airborne 
contaminants in healthcare facilities. NTNU: 
Trondheim, Norway.

- Critical zone immediately surrounding the surgical site and bounded by the patient, 
the surgical team, and the surgical lights. Air quality in this zone is critical for 
preventing SSIs caused by airborne microorganism contamination, while maintaining 
appropriate thermal conditions is essential to prevent intraoperative hypothermia, 
both of which are associated with adverse postoperative outcomes.

Surgical microenvironment

1986: Woods et al.

- Medical team as a 
boundary.

2018: Aganovic 2021: Sadrizadeh et al.

- Surgeons, patient, 
and surgical lights as 

a boundary.
- Cleanest zone in 

the OR
- Consolidation of 

the definition



Ventilation system
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LAF - Laminar Airflow TAF - Turbulent  Airflow

Hofer, V., Hartmann, A., Rotheudt, H., Zielke, B. and Kriegel, M., 2022. Disturbance of a laminar air flow caused by differently 
shaped surgical lights. International Journal of Ventilation, 21(3), pp.213-228.



Supply and exhaust: characteristics + location
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LAF: Downward - Ring Diffuser TcLAF: Temperature controled

LAF: Downward - Square Diffuser LAF: Horizontal - Square Diffuser

Liu, Z., Yin, D., Hu, L., He, J. and Cao, G., 2022. Bacteria-carrying 
particles diffusion in the operating room due to the interaction 
between human thermal plume and ventilation systems: An 
experimental-numerical simulation study. Energy and Buildings, 
270, p.112277.

Ventilation system
Supply diffuser characteristics Exhaust grille characteristics

Quantity Area,
[m2/diffuser] Quantity Area,

[m2/grille]

TAF
No. of mentions 8 5 9 4
% of mentions 42.11 26.32 47.37 21.05

mean 9.75 ± 8.91 0.26 ± 0.13 4.89 ± 2.32 0.17 ± 0.18

LAF
No. of mentions 18 16 15 10
% of mentions 90.00 80.00 75.00 50.00

mean 1.28 ± 0.96 6.86 ± 2.63 5.49 ± 2.95 0.26 ± 0.24



Supply parameters: according to standards

HumanIC project has received funding from the European Union’s Horizon Europe research and innovation program under the Marie Sklodowska-
Curie (HORIZON-MSCA-2022-DN-01, project no 101119726

Standard/design guideline

Supply characteristics
Kinematic properties Hygrometric properties

Volumetric Airflow Rate,
Vtotal|in [m3/(h)]

Air Change Rate,
ACH [h-1]

Mean Air Velocity,
v|in [m/s]

Turbulence Intensity,
TI|in [%]

Mean Air Dry Bulb 
Temperature,

Tdb,ha|in [°C]

Relative Humidity,
hain[%]

Technical specification/guideline -
Portugal:
Technical Specifications for HVAC 
Installations in Hospital Buildings – ET 
06/2008

≥ 600
Or

100 [m3/(h∙person)]
Notes:
The values refer only to fresh air.

≥ 25
Notes:
At least 5 ACH of fresh air.

n.r. n.r.
|Tdb,ha|out - Tdb,ha|in| should 

not exceed 8 °C
n.r.

Technical memorandum/guideline -
United Kingdom:
Health Technical Memorandum 03-01: 
Specialised ventilation for healthcare 
premises

10 [L/(s∙person)]
Notes:
At least 20% of fresh air when recirculated air 

exists. However, it's advised that air extracted 
from OTs should not be recirculated.

≥ 22 n.r. n.r.

|Tdb,ha|out - Tdb,ha|in| should 
not exceed:

10 K for winter heating;
7 K for summer cooling.

< 70

Guideline - Nordic:
R3 Nordic Guideline for Hospital 
Ventilation

≥ 990 n.r. n.r. n.r. n.r. n.r.

Standard - Germany:
DIN 1946-4: Ventilation and air 
conditioning – Part 4: Ventilation in 
buildings and rooms of health care

For TAF:
≥ 60 m3/(h∙m2|operating area)

For LAF:
≥ 900 m3/(h∙m2|supply diffuser area)

Notes:
At least 1200 m3/h of fresh air.

For TAF:
≥ 20

For LAF:
n.r.

n.r.

For TAF:
n.r.

For LAF:
≤ 20

n.r. n.r.

Standard - Spain:
UNE 100713

≥ 2400 m3/h
Notes:
At least 1200 m3/h of fresh air when 

recirculated air exists.

≥ 20 n.r. n.r. n.r. n.r.

Standard - United States:
ASHRAE 170-2021: Ventilation of 
Health Care Facilities

n.r.
≥ 20

Notes:
At least 4 ACH of fresh air

For LAF:
[127 ; 178] 

L/(s∙m2|supply diffuser area)
n.r. n.r. n.r.



Exhaust parameters: according to standards
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Standard/design guideline

Exhaust characteristics
Differential 
Pressure,
P [Pa]

Kinematic properties Hygrometric properties
Volumetric Airflow Rate,

Vout [m3/(h)]
Mean Air Dry Bulb Temperature,

Tdb,ha|out [°C]
Relative Humidity,

haout [%]
Technical specification/guideline - Portugal:
Technical Specifications for HVAC Installations in Hospital Buildings – ET 
06/2008

n.r.
Notes:
70% floor-level and 30% ceiling-level

[17 ; 27] [30 ; 60] + 20

Technical memorandum/guideline - United Kingdom:
Health Technical Memorandum 03-01: Specialised ventilation for 
healthcare premises

n.r. n.r. n.r. +25

Guideline - Nordic:
R3 Nordic Guideline for Hospital Ventilation

n.r. [18 ; 26]
< 60 (at 21 °C)

Notes:
Air humidification is not required

≥ +10

Standard - Germany:
DIN 1946-4: Ventilation and air conditioning – Part 4: Ventilation in 
buildings and rooms of health care

n.r. n.r.
[30 ; 65]

Notes:
≤ Wha|out = 13 gw/kgda

Positive

Standard - Spain:
UNE 100713

n.r.
Notes:
1200 m3/h at floor-level and remaining 

at ceiling-level

[22 ; 26] [45 ; 55] n.r.

Standard - United States:
ASHRAE 170-2021: Ventilation of Health Care Facilities

n.r. n.r. [20 ; 60] ≥ +2.5



Surgical lamps

HumanIC project has received funding from the European Union’s Horizon Europe research and innovation program under the Marie Sklodowska-
Curie (HORIZON-MSCA-2022-DN-01, project no 101119726



Human behaviour
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Liu, H., Liu, Z., He, J., Hu, C. and Rong, R., 2024. Interfacial exchange of airflow and bacteria-carrying particles 
induced by door opening and foot traffic in an operating room. Building and Environment, 262, p.111812.

Chow, T.T. and Wang, J., 2012. Dynamic simulation on impact of surgeon bending movement on 
bacteria-carrying particles distribution in operating theatre. Building and environment, 57, pp.68-80.

Kamar, H.M., Wong, K.Y. and Kamsah, N., 2020. 
The effects of medical staff turning movements 
on airflow distribution and particle 
concentration in an operating room. Journal of 
Building Performance Simulation, 13(6), 
pp.684-706.



Convective flows
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Tacutu, L., Bode, F., Năstase, I., Croitoru, C. and Dogeanu, A., 2022. Experimental and 
numerical study on the thermal plumes of a standing and lying human in an operating room. 
Science and Technology for the Built Environment, 28(1), pp.2-20.

Liu, Z., Yin, D., Niu, Y., Cao, G., Liu, H. and Wang, L., 2022. Effect of human thermal 
plume and ventilation interaction on bacteria-carrying particles diffusion in operating 
room microenvironment. Energy and Buildings, 254, p.111573.



Thermal comfort
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Survey conducted by:

Ćwiklińska, D., Bogdan, A. and Szyłak-Szydłowski, M., 2022. Survey 
on factors influencing surgeons' sensation in Polish operating 
theatres. Building and Environment, 214, p.108929.

High clothing thermal insulation

Low surgical clothing air permeability 

Low sensitivity to air temperature changes

Different activity levels among the surgical team

Different work locations in the OR Divergent radiant heat exposure

Low sensitivity to air velocity changes
Need for a physiological thermal 
comfort model for medical staff

Components Fabric material: Fabric structure
Weight,
[g/m2]

Thermal insulation,
Icl [clo]

Citation

Scrub suit n. r. % polyester, n. r. % coal fibre n. r. n. r.
parallel - 0.794;

series - 0.994
Bogdan and Sudoł-Szopińska; 

Magdalena and Bogdan

Gown

Front and sleeves:
Liquid-proof fabric of higher resistance

Remainder of gown:
n.r. % polyester, n.r. % carbon fibre

n. r. 300 g
parallel - 0.974;

series - 1.303
Bogdan and Sudoł-Szopińska; 

Magdalena and BogdanFront and sleeves:
PTFE (polytetrafluorothylene)

Remainder of gown:
n.r. % polyester, n.r. % carbon fibre

Front and sleeves:
laminated membrane

Remainder of gown:
n. r.

n. r.
parallel - 1.032;

series - 1.406

n.r. % cotton, n. r. % of other material n. r. n. r.
parallel - 1.071;

series - 1.490
Bogdan and Sudoł-Szopińska
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Thank you!

I’m happy to share the presentation with those interested

Contact: vasco.vasconcelos@pw.edu.pl

Vasco Vasconcelos & Anna Bogdan
Warsaw University of Technology



References

• Tammelin, A., P. Kylmänen, and A. Samuelsson. "Comparison of number of airborne bacteria in operating rooms with turbulent mixing ventilation and unidirectional airflow 
when using reusable scrub suits and single-use scrub suits." Journal of Hospital Infection 135 (2023): 119-124.

• Wang, Cong, Sture Holmberg, and Sasan Sadrizadeh. "Impact of door opening on the risk of surgical site infections in an operating room with mixing ventilation." Indoor 
and Built Environment 30.2 (2021): 166-179.

• Zhang, Y., Cao, G., Feng, G., Xue, K., Pedersen, C., Mathisen, H. M., ... & Skogås, J. G. (2020). The impact of air change rate on the air quality of surgical microenvironment in 
an operating room with mixing ventilation. Journal of Building Engineering, 32, 101770.

• Nooh, A., Tanzer, M., Alzeedi, M., Lavoie-Turcotte, T., & Hart, A. (2024). Traffic Cameras—An Effective and Sustainable Method of Reducing Traffic and Airborne Particles 
During Arthroplasty Surgery. The Journal of Arthroplasty, 39(1), 255-260.

• Pasquarella, C., Balocco, C., Colucci, M. E., Saccani, E., Paroni, S., Albertini, L., ... & Albertini, R. (2020). The influence of surgical staff behavior on air quality in a 
conventionally ventilated operating theatre during a simulated arthroplasty: a case study at the University Hospital of Parma. International journal of environmental research 
and public health, 17(2), 452.

• Shirozu, K., Takamori, S., Setoguchi, H., & Yamaura, K. (2020). Effects of forced air warming systems on the airflow and sanitation quality of operating rooms with non-laminar 
airflow systems. Perioperative care and operating room management, 21, 100119.

• Mohamed, O. E., Ahmed, A., & Abubker, M. (2024). CFD of Human Comfort and Contaminants Control in a Hospital Operating Room. JOURNAL OF FLUID FLOW, HEAT 
AND MASS TRANSFER Учредители: Avestia Publishing, 11.

• Liu, H., Liu, Z., He, J., Hu, C., & Rong, R. (2024). Interfacial exchange of airflow and bacteria-carrying particles induced by door opening and foot traffic in an operating room. 
Building and Environment, 262, 111812.

• Kamar, H. M., Wong, K. Y., & Kamsah, N. (2020). The effects of medical staff turning movements on airflow distribution and particle concentration in an operating room. 
Journal of Building Performance Simulation, 13(6), 684-706.

• Liu, Z., Yin, D., Hu, L., He, J., & Cao, G. (2022). Bacteria-carrying particles diffusion in the operating room due to the interaction between human thermal plume and 
ventilation systems: An experimental-numerical simulation study. Energy and Buildings, 270, 112277.

• Liu, Z., Yin, D., Niu, Y., Cao, G., Liu, H., & Wang, L. (2022). Effect of human thermal plume and ventilation interaction on bacteria-carrying particles diffusion in operating room 
microenvironment. Energy and Buildings, 254, 111573.

• Li, H., Zhong, K., & Zhai, Z. J. (2020). Investigating the influences of ventilation on the fate of particles generated by patient and medical staff in operating room. Building and 
Environment, 180, 107038.



References

• Tacutu, L., Bode, F., Năstase, I., Croitoru, C., & Dogeanu, A. (2022). Experimental and numerical study on the thermal plumes of a standing and lying human in an operating 
room. Science and Technology for the Built Environment, 28(1), 2-20.

• Ljungqvist, B., & Reinmüller, B. (2021). Some observations on protective efficacy of surgical clothing systems with additional clothing components concerning airborne 
bacteria-carrying particles measured during ongoing surgery. Eur. J. Parenter. Pharm. Sci, 26(1).

• Dankert, J., Zijlstra, J. B., & Lubberding, H. (1979). A garment for use in the operating theatre: the effect upon bacterial shedding. Epidemiology & Infection, 82(1), 7-14.
• Hubble, M. J., Weale, A. E., Perez, J. V., Bowker, K. E., MacGowan, A. P., & Bannister, G. C. (1996). Clothing in laminar-flow operating theatres. Journal of Hospital Infection, 

32(1), 1-7.
• Tammelin, A., Hambræus, A., & Ståhle, E. (2001). Routes and sources of Staphylococcus aureus transmitted to the surgical wound during cardiothoracic surgery possibility of 

preventing wound contamination by use of special scrub suits. Infection Control & Hospital Epidemiology, 22(6), 338-346.
• McLure, H. A., Talboys, C. A., Yentis, S. M., & Azadian, B. S. (1998). Surgical face masks and downward dispersal of bacteria. Anaesthesia, 53(7), 624-626.
• Ritter, M. A., Eitzen, H., French, M. L., & Hart, J. B. (1975). The operating room environment as affected by people and the surgical face mask. Clinical Orthopaedics & Related 

Research, 111, 147-150.
• Tunevall, T. G. (1991). Postoperative wound infections and surgical face masks: a controlled study. World journal of surgery, 15(3), 383-387.
• Webster, J., Croger, S., Lister, C., Doidge, M., Terry, M. J., & Jones, I. (2010). Use of face masks by non‐scrubbed operating room staff: a randomized controlled trial. ANZ 

journal of surgery, 80(3), 169-173.
• Lipp, A., & Edwards, P. (2014). Disposable surgical face masks for preventing surgical wound infection in clean surgery. Cochrane Database of Systematic Reviews, (2).
• RITTER, M. A., EITZEN, H. E., HART, J. B., & FRENCH, M. L. (1980). The surgeon's garb. Clinical Orthopaedics and Related Research®, 153, 204-209.
• Humphreys, H., Russell, A. J., Marshall, R. J., Ricketts, V. E., & Reeves, D. S. (1991). The effect of surgical theatre head-gear on air bacterial counts. Journal of Hospital 

Infection, 19(3), 175-180.
• Moylan, J. A., Fitzpatrick, K. T., & Davenport, K. E. (1987). Reducing wound infections: improved gown and drape barrier performance. Archives of Surgery, 122(2), 152-157.
• Garibaldi, R. A., Maglio, S., Lerer, T., Becker, D., & Lyons, R. (1986). Comparison of nonwoven and woven gown and drape fabric to prevent intraoperative wound 

contamination and postoperative infection. The American journal of surgery, 152(5), 505-509.
• Bellchambers, J., Harris, J. M., Cullinan, P., Gaya, H., & Pepper, J. R. (1999). A prospective study of wound infection in coronary artery surgery. European Journal of Cardio-

thoracic Surgery, 15(1), 45-50.
• Bloodgood, J. C. (1899). Operations on 459 cases of hernia in the Johns Hopkins Hospital from June, 1889 to January, 1899 (Vol. 7). Рипол Классик.



References

• RITTER, M. A., FRENCH, M. L., & EITZEN, H. (1976). Evaluation of microbial contamination of surgical gloves during actual use. Clinical Orthopaedics and Related Research 
(1976-2007), 117, 303-306.

• Tanner, J., & Parkinson, H. (2006). Double gloving to reduce surgical cross‐infection. Cochrane database of systematic reviews, (3).
• Lidwell, O. M., Lowbury, E. J., Whyte, W., Blowers, R., Stanley, S. J., & Lowe, D. (1982). Effect of ultraclean air in operating rooms on deep sepsis in the joint after total hip or 

knee replacement: a randomised study. Br Med J (Clin Res Ed), 285(6334), 10-14.
• Shaw, J. A., Bordner, M. A., & Hamory, B. H. (1996). Efficacy of the Steri-Shield filtered exhaust helmet in limiting bacterial counts in the operating room during total joint 

arthroplasty. The Journal of arthroplasty, 11(4), 469-473.
• Friberg, B., Friberg, S., Östensson, R., & Burman, L. G. (2001). Surgical area contamination–comparable bacterial counts using disposable head and mask and helmet 

aspirator system, but dramatic increase upon omission of head-gear: an experimental study in horizontal laminar air-flow. Journal of Hospital Infection, 47(2), 110-115.
• Hooper, G. J., Rothwell, A. G., Frampton, C., & Wyatt, M. C. (2011). Does the use of laminar flow and space suits reduce early deep infection after total hip and knee 

replacement?: the ten-year results of the New Zealand Joint Registry. The Journal of Bone & Joint Surgery British Volume, 93(1), 85-90.
• Berger, S. A., Kramer, M., Nagar, H., Finkelstein, A., Frimmerman, A., & Miller, H. I. (1993). Effect of surgical mask position on bacterial contamination of the operative field. 

Journal of hospital infection, 23(1), 51-54.
• Nelson, J. P. (1976). Five years experience with operating room clean rooms and personnel-isolator systems. Medical Instrumentation, 10(6), 277-281.
• Pasquarella, C., Pitzurra, O., Herren, T., Poletti, L., & Savino, A. (2003). Lack of influence of body exhaust gowns on aerobic bacterial surface counts in a mixed-ventilation 

operating theatre. A study of 62 hip arthroplasties. Journal of Hospital Infection, 54(1), 2-9.
• Misteli, H., Weber, W. P., Reck, S., Rosenthal, R., Zwahlen, M., Fueglistaler, P., ... & Marti, W. R. (2009). Surgical glove perforation and the risk of surgical site infection. 

Archives of surgery, 144(6), 553-558.
• Junker, T. A., Mujagic, E., Hoffmann, H., Rosenthal, R., Misteli, H., Zwahlen, M., ... & Weber, W. P. (2012). Prevention and control of surgical site infections: review of the Basel 

Cohort Study. Swiss medical weekly, 142(3536), w13616-w13616.
• Collard, M. K., Vaz, A., Irving, H., Khan, M. F., Mullis, D., Brady, D., ... & Cahill, R. (2023). Reusable cloth masks in operating theatre. British Journal of Surgery, 110(10), 1260-

1263.
• Woods, J. E. (1986). Ventilation requirements in hospital operating rooms-Part 1: Control of airborne particles.
• A. Aganovic, Airflow Distribution for Minimizing Human Exposure to Airborne Contaminants in Healthcare Facilities, PhD thesis - NTNU University, Norway), 2019. 
• Sadrizadeh, S., Aganovic, A., Bogdan, A., Wang, C., Afshari, A., Hartmann, A., ... & Cao, G. (2021). A systematic review of operating room ventilation. Journal of Building 

Engineering, 40, 102693.


	Slide 1: Safety inside the Operating Room – Factors Influencing a Healthy Surgical Microenvironment
	Slide 2: Focus: surgical microenvironment
	Slide 3: Ventilation system
	Slide 4: Supply and exhaust: characteristics + location
	Slide 5: Supply parameters: according to standards
	Slide 6: Exhaust parameters: according to standards
	Slide 7: Surgical lamps
	Slide 8: Human behaviour
	Slide 9: Convective flows
	Slide 10: Thermal comfort
	Slide 11
	Slide 12: References
	Slide 13: References
	Slide 14: References

