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Abstract 

Ventilation systems have an important role in controlling 

infection risks during surgery in the operating room. 

Human movement is among the crucial factors that may 

break the stability of airflow field and reduce ventilation 

performance. This study numerically investigated the 

performance of the temperature-controlled airflow 

(TcAF) ventilation systems while moving the patient from 

the operating room to the MRI room during given brain 

surgery. Using TcAF ventilation system for this 

application is a new approach. The simulated results 

showed that the TcAF ventilation system can reduce the 

infection risks to an acceptable level in both rooms.  

Keywords: Temperature-controlled airflow ventilation, 

Infection risks, Airflow field, MRI room  

Key Innovations 

 Applying the temperature-controlled airflow 

ventilation system in the MRI room 

 Investigating the potential of the temperature-

controlled airflow ventilation system in 

moderating the contamination level during a 

given brain surgery 

 Reducing the bacteria carrying particles level to 

an acceptable level  

 Considering the internal constellation of staff 

numbers on the contamination level in the MRI 

room 

Practical Implications 

The TcAF ventilation system has the potential to reduce 

the contamination level while moving the patient from the 

operating room to the MRI room during given brain 

surgery. The medical staff's location in the MRI room had 

an impact on the contamination level inside the MRI 

device.  

Introduction 

Surgical site infections (SSIs) are responsible for 38 per 

cent of the infections in patients after surgeries 

(Mangram, Horan, Pearson, Silver, & William, 2000). 

Moreover, SSIs increase the treatment length, patient 

dissatisfaction, mortality rate and overall costs 

(Sadrizadeh, Holmberg, & Tammelin, 2014). In recent 

decades, the health care system has been dealing with 

overcoming these infections in surgical patients due to 

antibiotic resistance. SSIs occur due to contamination of 

the wound area by bacteria carrying particles (BCPs) 

during an ongoing surgery. The source of these particles 

is the shed skin scales from the surgical staff skins 

(Hoffman et al., 2002).  

Ventilation systems supposed to remove BCPs from the 

clean zone that is released from the surgical staff 

members. Applying the proper ventilation strategy is 

important during infection-prone surgeries such as 

orthopaedic, transplant and brain surgeries. The three 

common ventilation system in the operating rooms (ORs) 

are laminar airflow (LAF), turbulent mixing and 

temperature-controlled airflow (TcAF) ventilation 

system. The TcAF ventilation is the latest invented system 

that operates based on the temperature differences 

between the central showers and ambient air in the OR 

(Alsved et al., 2017; Wang, Holmberg, & Sadrizadeh, 

2018). In this system, differences in the density strengthen 

the downward flow of the clean air.  

Various recent studies have investigated the performance 

of the TcAF ventilation system in the OR. Alsved et al. 

(2017) studied the impact of applying different ventilation 

strategy on the BCPs concentration during the 

orthopaedic surgery. In this regard, they measured the 

BCPs level in the ORs equipped with LAF, mixing and 

TcAF ventilation systems in 45 orthopaedic surgeries. 

Their results revealed that TcAF and LAF ventilation 

systems reduced the contamination level to an acceptable 

level.  

Although brain surgery is among the infection-prone 

surgeries, to the authors' best knowledge, no study 

investigates the impact of applying TcAF ventilation 

system on controlling the contamination level during this 

type of surgeries. Moreover, the medical staff's movement 

is one of the factors that can affect the stability of the 

ventilated airflow. Since our previous numerical and 

experimental works showed that the TcAF ventilation had 

a potential in moderating the BCPS level in the OR, this 

study concentrated on the simulation of BCPs 

concentration during given brain surgery and the patient's 

movement from the OR to the MRI room. Moreover, the 

effect of the internal constellation of staff members on 

airborne particle distribution was also studied. The 

computational fluid dynamics method was used to 

simulate the airflow field and BCP distribution in both OR 

and MRI room. 
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Methodology 

Case study 

The physical configurations of the simulated operating 

room and MRI room are presented in Figure 1, was a 

replica of an OR and MRI room in a hospital in 

Netherlands. The OR had a length of 8.0 m, a width of 6.9 

m and height of 2.9 m, while the MRI room had a 

dimension of 6.26 m (length)× 4.6 m (width) × 2.9 m 

(height). The OR was connected to the MRI room through 

a door that was open during the surgery. 

Figure 1: Overall configuration of the a) operating room, 

b) during the patient movement and c) MRI room. 

The TcAF ventilation system supplied clean air with a 

flowrate of 0.8 m3/s through the Operagon showers 

located at the centre of the OR. The central showers 

ventilated the clean air with a temperature of 18.5 ˚C 

while there was 1.5 ̊ C temperature difference between the 

central showers and air amibient temperature in both the 

OR and MRI room. The contaminated air was extracted 

by eight exhaust grilles located at two opposite walls in 

the OR. The MRI room had four outlets for extraction of 

the air.  

Four manikins with a constant heat flux of 50 W/m2 were 

considered in the OR as the surgical team, while four 

manikins were around the operating table during the 

patient's movement to the MRI room. During the MRI 

scanning, one manikin was standing in the MRI room. 

Moreover, the patient had a constant heat flux of 50 W/m2 

while lying on the operating table. The operating table had 

a dimension of 1.95 m (length) × 0.5 m (width) × 0.9 m 

(height) in all the simulations. Each manikin released 1.5 

CFU/s for considering the release of the bacteria carrying 

particles from the surgical team.  It was assumed that the 

MRI device generated a constant heat flux of 235.65 W.  

In order to investigate the BCPs concentration in both OR 

and MRI room, the active air sampling (AAS) method 

was used. This method computed the number of colony-

forming units (CFU) in the unit volume of the air (unit: 

CFU/m3).  

Numerical Models  

The predication of the airflow field was accomplished by 

applying the Reynolds-Averaged Navier-Stokes 

approach. In order to consider the turbulent behaviour of 

the airflow in both rooms, the Realizable k- ε model was 

used since this model showed acceptable results for the 

simulation of airflow in the indoor environment(Air, 

Munksgaard, & Issn, 2003). The conservation equations 

of mass, momentum and energy are expressed in a general 

form as below:  

 ΦΦ SΦ).(ΓΦ)V.(ρ
t

.)(ρ




 
   (1) 

Where Φ represents the transport quantity, V


 is the air 

velocity vector, ρ is the air density, ГΦ is the effective 

diffusivity and SΦ is the source term. 

Since the movement of a patient with open wound from 

the operating room to the MRI room should perform 

slowly, three locations that the patient stayed longer was 

considered for the simulations. Thus, modelling of the 

movement was not implemented in the simulations to 

save the calculation time. To simulate the steady-state 

airflow field, the commercial CFD code ANSYS Fluent 

19.2 was applied. The pressure and velocity were coupled 

through using the SIMPLE algorithm. The no-slip and 

adiabatic boundary conditions were considered for all the 

solid walls in both OR and MRI room. The generated 

heats from the surgical team, patient and MRI device were 

modelled by applying the constant heat flux boundary 

condition. The Enhanced wall treatment was used for 

considering the turbulent airflow properties at the 

boundary layer and y+ value was below 5.  
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The computational domains were subdivided to about 16 

million grids by ICEM CFD software. Local grid 

refinement was implemented close to the walls and areas 

with high gradients. The dependence of the results with 

grid resolutions was also investigated. Thus, coarse (8 

million grids), medium (16 million grids) and fine (24 

million grids) mesh were considered to garantee the 

independency of the results with the grid resolution. The 

simulation results showed no significant difference 

between medium and fine grids, consequently, medium 

grids was used to save the computational time.  

The particle distribution was simulated by using the 

Lagrangian particle tracking approach. Since the value of 

the Basset history, virtual mass and the pressure gradient 

are not significant compared to the drag force, just the 

Saffman’s lift force was considered (Mchugh, Hill, & 

Humphreys, 2014; Whitcomb & Clapper, 1966).  

The turbulent dispersion of the particles was modelled 

through applying the discrete random walk (DRW) 

model. To obtain statistically reliable results, 2 ×106 

trajectories was used. The particles were released when 

the airflow field obtained converged steady-state results.  

The “trapped” boundary condition was used for particles 

at all solid surfaces while the “escape” boundary 

condition was applied at OR and MRI room exhausts. It 

was assumed that the BCPs had a diameter of 12 µm. 

All the numerical models were validated by the 

experimental data, the details of validation cases are 

available in the authors’ previous research (Sadeghian, 

Wang, Duwig, & Sadrizadeh, 2020; Sadrizadeh & 

Holmberg, 2014; Wang et al., 2018).   

Results and discussion  

Three case studies were simulated to investigate the TcAF 

ventilation system's performance in moderating the BCPs 

level In Case 1, the patient and surgical team were in the 

OR (Fig1. (a)) while in Case 2, the patient with the open 

wound was moving to the MRI room (Fig.1.(b)). Case 3 

was the condition when the patient was in the MRI device 

with one staff standing in the closed-door MRI room 

(Fig.1 (c)).  

Figure 2 presents the velocity contour plots at a cut plan 

located 1m above the floor for all simulated cases. The 

velocity distribution below the Operagon showers in the 

OR showed no low-velocity area around the surgical area 

(Fig. 2(a)). However, there is a stagnant area between the 

OR and MRI room during the patient's movement, as 

shown in Figure 2(b). The MRI room's central showers 

directed the clean airflow towards the patient in the MRI 

device (Fig. 2(c)). Figure 3 displays the velocity vector 

plots at a cut plan passing the centre of the OR and MRI 

room in all simulated cases. The velocity vectors showed 

no air exchange between the MRI room and OR when the 

door is open, as shown in Figure 3(a). Figure 3(c) shows 

that the airflow direction is from the central showers 

towards the MRI device in the MRI room. 

 Figure 2: velocity contour plots at an XY cut plan 

located 1m above the floor for a) operating room, b) 

during the patient movement and c) MRI room
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Figure 3: velocity vector contour plots at a cut plan passing the centre of the a) operating room, b) during the patient 

movement and c) MRI room. 
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Figure 4: BCPs volume concentration (CFU/m3) distribution plots at a cut plan located 1m above the floor for a) 

operating room, b) during the patient movement and c) MRI room
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In all cases, the BCPs distribution was simulated to 

evaluate the performance of the TcAF ventilation system 

in protecting the surgical patient Figure 4 illustrates the 

volumetric concentration of the BCPs at a cut plan 

locating 1m above the floor in all three cases. The BCPs 

level was almost 0 CFU/m3 at the operating table in the 

OR, as shown in Figure 4(a). Thus, the TcAF ventilation 

could successfully reduce the contamination level at the 

surgical zone during brain surgery by directing the airflow 

to the operating table. The volumetric concentration of the 

BCPs around the patient was about 8 CFU/m3 during the 

patient's movement to the MRI room (Fig. 4(b)).  

The contamination level reached the maximum value of 

the 2 CFU/m3 in the MRI device, where the patient was 

located (as displayed in Figure 4 (c)). The BCPs level in 

the MRI device was far below the acceptable value for the 

infection-prone surgeries (Friberg, Friberg, & Burman, 

1999). 

The BCPs distribution in the MRI room revealed that the 

staff's location in the room could affect the BCPs level in 

the MRI device due to airflow behaviour in this room. 

Thus, it is important that the medical staff avoid standing 

adjacent to the MRI device since the clean air's direction 

was from the showers towards the device.  

The BCPs distribution was below 10 CFU/m3 in all steps 

during the surgical patient's movement from the OR to the 

MRI room. Thus, applying the TcAF ventilation system 

for reducing the contamination level was a successful 

approach and can guarantee the patient's protection during 

the whole brain surgery.  

Conclusion 

In this research work, the performance of the TcAF 

ventilation system was studied while moving the surgical 

patient from the OR to the MRI room. Applying the TcAF 

ventilation for this application was introduced as a novel 

approach in this study. In this regard, the airflow 

behaviour and particle distribution were simulated while 

the patient was in the OR, during the movement and in the 

MRI room.  

The simulated results of the airflow field and BCPs 

distribution in all cases revealed that the TcAF ventilation 

system could successfully reduce the contamination level, 

consequently, decreasing the infection risks in brain 

surgery. The simulated BCPs level had higher values 

around the patient, which was positioned between the 

MRI room and OR due to creating a stagnant area at this 

location. However, the contamination level was far below 

the acceptable value for infection-prone surgeries. 

Moreover, the surgical personnel's location in the MRI 

room can affect the BCPs concentration inside the MRI 

device.  
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