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Abstract...

Surgical Site Infections (SSIs) are the major cause of nosocomial infection. Sometimes it cre-
ates many health hazards among healthcare staff, patient and inmates of hospital. In this COV-
ID-19 pandemic it is necessary to have a clean surgical atmosphere, proper ventilation inside the 
hospital as well as the space dedicated for surgery. So routine SSI examination and cleaning of 
surgical area following proper guideline is necessary. The proper ventilation should be provided 
to the surgical space for creating healthy environment for surgical procedure without secondary 
infection. In this review SSI and role of ventilation has been discussed.
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Introduction

Corona Virus Disease 2019 (COVID-19) has once again 
brought worldwide attention to infectious diseases, following 
the outbreaks of SARS and influenza H1N1 viruses in China. One 
of the most common means of infection transmission is the re-
lease and dissemination of pathogens such as viruses, bacte-
ria, and fungus into the atmosphere [1]. Surgical Site Infections 
(SSIs) can occur if airborne germs infiltrate a patient’s open 
wounds in the Operating Room (OR), where a clean air environ-

ment is critical to preventing infection. In both Europe and the 
United States, SSIs rank as the second most common source of 
Healthcare-Associated Infections (HAIs) [2]. As much as 15% of 
high-risk patients may develop SSIs when they are exposed to 
contaminated procedures in emergency trauma surgery [3-5].

Surgical site infections (SSIs)

Surgical site infections continue to be one of the most com-
mon causes of significant surgical complications [6], accounting 
for 14-17 percent of all hospital-acquired infections and 38 per-
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cent of nosocomial infections in surgical patients [7,8]. When 
compared to operational patients without an SSI, each SSI is as-
sociated with roughly 7-10 more postoperative hospital days, 
and patients with an SSI have a 2-11 times higher risk of death 
[9,10].

Elderly patients with SSIs caused by Staphylococcus aureus 
had a higher risk of mortality (odds ratio - OR: 5.4) and more 
post-operative hospital days in a nested-cohort research con-
ducted in a 750-bed tertiary-care hospital in North Carolina, US 
(2.5-fold increase) [11].

Hospital stays, mortality rates, and health-care costs are all 
significantly increased by SSIs. Because to SSIs, the length of a 
hospital stay can be extended by 9.7 days on average, with each 
additional stay costing around $20,000 [12]. The mortality rate 
associated with SSIs might approach 3% [13]. The amount of 
particles and bioaerosols in the air environment is positively as-
sociated to the risk of infection, according to relevant literature 
[14,15]. SSIs, in particular, can be superficial infections affecting 
only the skin. Other surgery site infections can be more dan-
gerous, affecting tissues beneath the skin, organs, or implanted 
materials. According to the Centers for Disease Control and 
Prevention, there are three forms of surgical site infection like 
superficial infections, deep incisional infections, and infections 
involving organs or body spaces. Surgical site infection is influ-
enced by the degree of surgical site contamination at the time 
of operation. Wounds are classed as “clean wounds,” “clean-
contaminated wounds,” “contaminated wounds,” or “dirty or 
infected wounds” depending on the existence and degree of 
contamination [16-18].

Many researches have looked at infection rates in the four 
surgical classes. Prior to the widespread use of antibiotic pro-
phylaxis, the rates were around 1-2 percent for clean wounds, 
6-9 percent for clean-contaminated wounds, 13-20 percent for 
contaminated wounds, and 40% for unclean wounds. Because 
bacterial burden is the most significant risk factor for SSIs, pro-
phylactic antibiotics have significantly lowered this risk [19], 
particularly for surgical procedures with a high risk of infection, 
such as gastrointestinal procedures [20].

Microbiology

The germs isolated from infections vary depending on the 
surgical method. Staphylococcus aureus from the patient’s skin 
flora is the most common source of infection in clean surgi-
cal operations, in which the gastrointestinal, gynecologic, and 
respiratory systems have not been penetrated. The exposed 
tissues are at risk of infection by endogenous bacteria when 
mucous membranes or skin are incised [21]. S. aureus is respon-
sible for 20 to 30 percent of surgical-site infections, with the 
endogenous flora accounting for more than half of these [22]. 
Anderson et al. reported a total of 1,010 SSIs in 26 hospitals 
after 89,302 procedures; S. aureus was the most often isolated 
organism, with 331 (37%) of SSIs recovered. Methicillin-Resis-
tant Staphylococcus Aureus (MRSA) caused 175 (53 percent) of 
the 331 S. aureus SSIs, making it the most often isolated patho-
gen [23]. In addition, recent investigations have revealed that 
reduced sensitivity to vancomycin and other glycopeptides is 
emerging in various MRSA clones around the world [24,25].

The polymicrobial aerobic and anaerobic flora closely ap-
proaching the typical endogenous microflora of the surgically 
resected organ are the most often isolated pathogens in other 
types of surgical procedures, including clean-contaminated, 

contaminated, and dirty [26]. Exogenous sources of harmful 
germs include the operating room environment, surgical per-
sonnel [27], and all tools, instruments, and materials introduced 
into the sterile region during an operation. Staphylococcus au-
reus, coagulase-negative staphylococci, Enterococcus spp., and 
Escherichia coli are the most often isolated species [28,29]. Gia-
cometti et al. [30] looked at 676 surgery patients who presented 
with signs and symptoms of wound infections over the course 
of six years. 614 people were tested for bacterial infections. 
There was a significant amount of aerobic microorganisms pres-
ent. Staphylococcus aureus (28.2%), Pseudomonas aeruginosa 
(25.2%), Escherichia coli (7.8%), Staphylococcus epidermidis 
(7.1%), and Enterococcus faecalis (7.1%) were among the most 
prevalent pathogens (5.6 %) [31].

Source of contamination

Characteristics of airborne particles

Microorganisms that cause contamination might be endoge-
nous or external. Because the skin is a reservoir of endogenous 
germs, proper preoperative skin preparation is critical. Airborne 
particles, the staff (hands, other regions of the skin, and mucous 
membranes), and, more rarely, inanimate objects (instruments, 
material, furnishing, or irrigation solutions) transmit exogenous 
microorganisms [32]. In only 2% of cases, the patient’s skin is 
the direct source of contamination, leaving 98 percent of cases 
to airborne particles [33]. Surgical-site contamination by air-
borne particles is attributed to direct settling on the wound in 
30% of instances and settling on the tools and surgeon’s hands 
followed by transfer to the wound in 70% of cases [34]. As a 
result, airborne particles, some of which may carry bacteria, are 
primarily responsible for surgical-site contamination. Given the 
importance of airborne pollution in the OR, air quality should 
be closely monitored.

Particles in the air arise from a variety of sources, the most 
important of which is the shedding of squames, or skin scales. 
An individual with a moderate degree of physical activity sheds 
particles with a diameter of at least 0.5 mm every 10 minutes 
on average. Squames circulate via convection currents caused 
by the temperature difference between the body and the en-
vironment, despite their great size [35]. Dust and condensation 
droplets smaller than N5 in diameter, which are the leftovers 
of bigger droplets created during coughing, talking, and suction 
systems, are other sources of airborne particles. The tendency 
of particles to settle on surfaces is influenced by their size. Par-
ticles less than 5 mm remain floating in the air, those bigger 
than 100 mm settle quickly, and particles in the middle (5-100 
mm) may land on potentially contaminated surfaces before mi-
grating to other locations. Depending on their source, particles 
may carry a variety of bacterial burdens. The number of people 
in the OR has an impact on particle production and mobilisa-
tion. Another consideration is whether the surgical clothes pro-
vide an adequate barrier against squames shedding into the OR 
air: Squames can move from exposed flesh (e.g., the neck and 
forearms) or via gaps in the surgical garments’ material (e.g., 80 
for woven cotton) [36]. Particles can be mobilised by any move-
ment in the OR. Because patient installation necessitates hu-
man displacements and other motions, airborne particle con-
centrations are highest at the start of the operation [37]. The 
use of a cautery, which produces tiny and ultrafine particles, 
and the use of saws or drills are among the many other sources 
of particles [38].
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Controlling airborne particle circulation necessitates meticu-
lous attention to operating room discipline, surgical technique, 
and operative time. Air can serve as a reservoir for bacteria as 
well as a vector for the transmission of bacteria via particles 
(such as dust and squames) or condensation droplets smaller 
than 5. The aetiology of SSIs is complicated by contamination by 
airborne bacteria. Knowledge of the most commonly encoun-
tered microorganisms and their dissemination properties is re-
quired to prevent contamination by airborne germs. Further-
more, knowledge of air quality parameters, measuring tools, 
and treatment strategies is essential.

Air quality control

Parameters of air quality

The air quality in OR is assessed using a number of measures. 
According to an ISO standard, the airborne particle count at rest 
is used to classify ORs. The ISO 5 criteria, i.e. 3500 particles/m3, 
must be met by orthopaedic ORs. The degree of microbial con-
tamination, i.e., the CFU count per m3 of air determined by in-
jecting air samples into nutrient agar, then identifying and count-
ing the colonies; the extent of microbial contamination, i.e., the 
CFU count per m3 of air determined by injecting air samples 
into nutrient agar, then identifying and counting the colonies.

Air purification techniques

The air treatment procedures utilised have an impact on the 
air quality. The air delivery and filtration system, the features of 
OR air changes, and the presence of positive pressure in com-
parison to nearby areas are all important considerations.

Air filtering and delivery systems: The idea is to build a dy-
namic barrier around the at-risk area by generating a guided 
flow of filtered air that transports the particles away while 
maintaining a sufficient air change rate [33,39].

Air filtration: currently available filters filter out particles 
larger than 0.5 microns; 

Airflow: There are three types of airflow:

Air is given through outlets on one wall and aspirated by 
exhausts on the opposing wall in a turbulent flow. This system 
generates non-parallel airflows, most notably at the instrument 
tables and surgical site, as well as two forms of unidirectional 
flow: Air moves in a single direction across a clean room or area, 
in parallel flows and at a consistent rate. The flow might be hori-
zontal or vertical, and it can be partial (limited to the surgical 
table surface) or total (covering the entire operating room).

Various airflow rates are used: Rates near to or larger than 
0.50 m/s are necessary to achieve a downwards laminar flow 
at the surgical site, surrounding the area at most risk; rates less 
than 0.25 m/s create a stable flow.

Changes in air: The air change rate, which is measured in 
number of air changes per hour, is another essential character-
istic. The smallest figure that is permissible is 20% of total air 
volume per hour. It’s crucial to think about the size of the ceil-
ing air outlets. The volume of fresh air delivered is determined 
by the surface area of these outlets as well as the delivery rate. 
Due to the abnormally tiny surface area, a high delivery rate is 
required, resulting in noise levels that are difficult to bear [40].

Positive pressure: To reduce turbulence during door open-
ings, the OR must have a sufficient and steady rise in air pres-
sure (at least 15 Pa) compared to nearby sites.

Kinetics of particle decompression: This characteristic is 
defined as the time required to return a specific room laden 
with dust particles to 90% of the particle count measured with 
the ventilation system on (according to pre-established param-
eters).

During surgery, air quality is determined by a mixture of air 
treatment measures (filter, delivery, modifications, and positive 
pressure) as well as personnel-related aspects (number of indi-
viduals in the OR, surgical attire, and behaviours [41].

Ventilation

A ventilation system and indoor air distribution not only 
maintains indoor temperature and humidity and improves the 
thermal comfort of the occupants but also provides a clean en-
vironment for occupants [42]. There is a strong correlation be-
tween the ventilation system and the concentration of air con-
tamination, and an effective ventilation system can significantly 
reduce the incidence of infection [43]. The most commonly 
used ventilation in an operating room is laminar airflow ventila-
tion. In laminar airflow ventilation, a large area air supply dif-
fuser provides a uniform flow of clean airflow through the sur-
gical area to remove microbial contaminants from the surgical 
area. In reducing airborne bacteria, many studies have shown 
that laminar airflow ventilation is more effective than turbu-
lent mixed airflow ventilation, which is based on the principle 
of dilution [44-46]. Laminar airflow ventilation includes Vertical 
Laminar Airflow (VLAF) ventilation and Horizontal Laminar Air-
flow (HLAF) ventilation. In VLAF ventilation, the airflow passes 
through a high-efficiency air filter on the ceiling and then flows 
along parallel streamlines at high velocity and low turbulence 
through areas where the surgical field and sterile objects are ex-
posed. Although the flow pattern is not an exact laminar airflow, 
the highly powered airflow will continue to carry away the BCPs 
produced by the surgical staff. Many experimental studies and 
numerical simulations have demonstrated that the VLAF sys-
tem effectively protects the operating area in ORs against high 
concentrations of BCPs based on good design parameters [41]. 
However, the performance of VLAF is easily affected by many 
factors, such as air supply velocity, the obstruction of surgical 
lamps, the movement of surgical staff, and the thermal plume 
of the surgical staff [47]. These factors will result in the disrup-
tion of laminar flow, forming eddies and reducing the VLAF 
cleaning efficiency. HLAF is a good alternative to VLAF because 
it avoids the obstruction of surgical lamps and surgical staff. In 
HLAF ventilation, the airflow passes through a high-efficiency 
air filter on the sidewall and then passes through the operating 
area to achieve air cleaning in the operating area [48].

However, this ventilation system has strict requirements for 
ventilation design parameters and the layout of the operating 
room. On the basis of the above mentioned laminar airflow 
ventilation with a large amount of airflow through the opera-
tion area, Differential Vertical Airflow (DVAF) ventilation is used 
in modern ORs. A DVAF system consists of 25 filters that ensure 
unidirectional airflow in the operating area. Three central filters 
above the operating table supply air at the highest airflow ve-
locity, while six filters near them use a moderate airflow veloc-
ity. The remaining 16 filters use the lowest airflow velocity [49], 
experimentally and numerically demonstrated that a DVAF sys-
tem was effective in reducing the BCP concentration above an 
operating table based on good design parameters. Moreover, a 
new OR ventilation system called Temperature-Controlled Air-
flow (TAF) ventilation was studied [50]. The air supply diffusers 
were located at the center and surrounding area of the ceiling. 
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A uniform airflow was sent from the central diffusers, and the 
temperature was 1.5°C lower than the airflow supplied from 
the surrounding diffusers [50], compared the differences in BCP 
concentrations in critical areas of ORs under turbulent mixing 
airflow, laminar airflow, and TAF at a certain design parameter. 
It was found that the laminar airflow ventilation and the TAF 
ventilation systems were able to maintain a clean indoor envi-
ronment, while the turbulent mixing ventilation system could 
not. In addition, Wang et al. simulated and compared the above 
three systems using Computational Fluid Dynamics (CFD) [51]. 
The results showed that the TAF ventilation system was reli-
able and effective. Previous studies evaluating the cleanliness 
efficiency of VLAF, HLAF, DVAF and TAF in ORs with the same 
simplified supply diffuser conditions have been very limited and 
not comprehensive. CFD was employed to control the different 
working conditions and obtained relatively accurate results, 
which were verified by the corresponding experimental data. 
In spite of having some advantages, obstructions like surgical 
lamps and surgical staff, the VLAF system failed to provide a ver-
tical downward laminar airflow. This resulted in a high BCP con-
centration in the operating area, and this situation was not im-
proved as the airflow rate increased. In the HLAF system, when 
the airflow rate was greater than a certain value, an ultraclean 
environment was obtained near the patient and the surfaces of 
the instrument tables [41]. Once the airflow rate decreased be-
low this value, the air cleanliness deteriorated. When the DVAF 
system was at a lower airflow rate, the operating area achieved 
an ultraclean environment. However, the BCP concentration ex-
ceeds the recommended limit as the airflow rate increases. Be-
cause of the lower BCP concentration in the operating area un-
der different airflow rates, the performance of the TAF system 
was the best among the four ventilation systems. The results 
also showed that the BCP concentrations in the operating area 
under the four ventilation systems were significantly different. 
In addition, the degree of air cleanliness in the operating area 
depended not only on the airflow rate of the ventilation system 
but also on the airflow distribution. The airflow distribution was 
greatly affected by the surgical lamps and surgical staff. Hence, 
the position of the surgical lamps should be considered during 
the design and use of an operating room [41].

Conclusion

 SSI is a serious problem in the operation room, which can 
affect the time of recovery and susceptibility to other disease 
and as the air borne contamination is the most common source, 
it is very important to minimize the air contamination. This can 
be achieved by using laminar airflow and a TAF is supposed to 
be the best-suited ventilation system that can minimize the air-
borne contamination.
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