
 

 

Research A
rticle 

Indoor/O
utdoor A

irflow
 

and A
ir Q

uality  

E-mail: gplydon@gmail.com 

 
 
 

Ultra clean ventilation system performance relating to airborne  
infections in operating theatres using CFD modelling 

 
 

Gearoid P. Lydon1,2 (), Derek B. Ingham1, Monjur M. Mourshed3 

1. Centre for Computational Fluid Dynamics, University of Leeds, LS2 9JT, UK 
2. IRUSE, Department of Civil Engineering, University College Cork, Cork, Ireland 
3. School of Engineering, Cardiff University, Queen’s Buildings, The Parade, Cardiff, CF24 3AA, Wales, UK 
 
 
 
Abstract 
Preventing airborne infections during a surgical procedure is of paramount importance for effective 

and economical delivery of c are, as well as for health and we ll-being of patients. Ultra clean 
ventilation (UCV) systems are commonly used in operating theatres, in p articular for orthopaedic 
surgery because of the higher risk of infection from exposed deep wounds. This research, investigates 

the airflow pattern of a UCV based operating thea tre using computational fluid dynamics (CFD).  
The effects of the opening and closing of doors in  two pressurisation scenarios (0 and 20 Pa) with 
the surrounding spaces at various inlet and door inflow velocities are investigated. The UCV system 

operates effectively in the  positive pressure (20 Pa) scenario but f ails when there is no pressure 
difference between the operating theatre and surrounding areas. The implications of the research 
findings are discussed in the context of design guidance and the operation of the airflow system. 
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1 Introduction 

The hospital environment is host to  a wide variety of 
micro-organisms coupled with a large array of transfer modes 
to the patient. These micro-organisms can be dangerous to 
patients with wounds, undergoing a surgical procedure or are 
immunosuppressed. About ten percent of all patients catch 
an infectious disease while staying in a hospital (Plow man 
et al. 1997). The modes of transfer include surgical equipment, 
medical equipment, physical contact, foodstuff, beverages 
and airborne routes. Airborn e bacteria can be distributed  
by the ventilation system or by air infiltration into sensitive 
areas, such as intensive care units or ope rating theatres. 
Patients in these areas are often in a weakened state with low 
defence systems and infection  can, in some circumstances, 
cause fatal co mplications. A more detail ed discussion o f 
airborne routes can be foun d in (Wh yte et al. 1992) and  
non-airborne routes in (Whyte et al. 1991). 

All surgical pr ocedures carry a risk of infection. This  
infection can develop at the wound site a nd may not be 

detected for weeks, months or even years after the operation. 
Certain types of surgery, such  as prosthetic implantation, 
amplify this risk due to the deep wound and the insertion 
of the prosthetic device.  

In addition to the health  risk, infections place a large 
financial burden on the heal th care service. The following 
example illustrates the magnitude of these costs (Tinker and 
Roberts 1998). Each year approximately 50 000 primary hip 
replacements are performed in the UK. If a post-operative 
infection occurs, then the c omplete procedure must be 
repeated at an estimated cost of £32,000 (MacDonald 1995). 
With a conservative annual infection rate of 1%, th e 
additional costs per annum is  about £16 mil lion. However, 
many hospitals have reported higher failure rates and  
hence larger additional costs. There are no national figures 
available for t he UK or the USA and it is possible that 
infection rates could be significantly higher (MacDonald 
1995). Therefore, the red uction of infections in surgical  
operations would have a positive effect on patient health, 
department running costs and operation waiting lists.  
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