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Abstract
Background: The objective of an operating room (OR) ultra-clean ventilation system is to eliminate

or reduce the quantity of dust particles and colony-forming units per cubic meter of air (CFU/m3). To

achieve this, ultra-clean goal high air change rates per hour are required to reduce the particle load

and number of CFU/m3. Aim: To determine the air quality in an ultra-clean OR during surgery, in

terms of the number and type of microorganism and quantity of dust particles in order to establish

a benchmark.Methods: Number of CFUs and the quantity of dust particles were measured. For mea-

suring the CFUs, sterile extraction hoses were positioned at the incision, the furthest away positioned

instrument table, and the periphery. At these locations, air was extracted to determine the quantity of

dust particles. Findings: The number of CFU/m3 and particles was on average at wound level ≤1
CFU/m3 resp. 852.679 particles, at instrument table ≤1 CFU/m3 resp. 3.797 particles and in the

periphery ≤8 CFU/m3, resp. 4.355 particles. Conclusion: The number of CFUs in the ultra-clean

area is below the defined ultra-clean level of ≤10 CFU/m3 for ultra-clean surgery. The quantity of

dust particles measured during surgery was higher than the defined ISO 5.

Keywords
operating room, colony-forming units, infection prevention, ultra clean ventilation systems, instrument

tables, surgical procedure
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Introduction
The objective of an operating room (OR) ultra-
clean ventilation (UCV) system is to eliminate
or reduce the quantity of dust particles and
colony-forming units per cubic meter of air
(CFU/m3). To achieve this goal, high air change
rates per hour (ACH) are required to reduce the
particle load and number of CFU/m3 (Langvatn
et al., 2020; Lans et al., 2022).

The Dutch Federation of Medical Specialists
(FMS) recently introduced a guideline for air
handling in operating and treatment rooms
(Kennisinstituut van de federatie van medisch spe-
cialisten, 2022). Only major orthopedic implant sur-
geries and major spinal surgeries (e.g., scoliosis)
should be performed in a Class 1+ (Kennisinstituut
van de federatie van medisch specialisten, 2022)
OR. A Class 1+ OR corresponds to a Class 1 (DIN
1946-4: 2018-09, 2018;SIS-TS, 2015)ORaccording
to international standards, where ultra-clean
(HTM-03-01 Part A, n.d.; SIS-TS, 2015) air is
defined as air which contains ≤10 CFU/m3. Other
surgeries (Kennisinstituut van de federatie van
medisch specialisten, 2022) could be performed in
a generic OR with conventional (mixing) ventilation
(CV) systemwith an air change rate of≥20h−1. This
is in linewith theWHO (WorldHealthOrganization,
2016) and for generic surgerywith other international
standards (DIN 1946-4: 2018-09, 2018; HTM-03-01
Part A, n.d.; NF S 90 351, 2013; Schweizerischer
Verein von Gebäudetechnik-Ingenieuren, 2015;
SIS-TS 39(E):2015, 2015). Evidence of the relation
between higher ACH and a reduction of the
number of surgical site infections (SSI) at most
typesof surgeries isweak (Kennisinstituutvande fed-
eratie van medisch specialisten, 2022; World Health
Organization, 2016). Therefore, in accordance with
their guideline, the FMS recommends a lower
number of air changes per hour. Previous studies,
during real (Agodi et al., 2015; Knudsen et al.,
2021; Tammelin et al., 2023) or simulated surgery
(Marsault et al., 2021), defined the air quality in
terms of CFUs and sometimes dust particles directly
and only underneath the Unidirectional Air Flow
(UDAF) system and did not determine the measured
number and type of microorganism close to the
wound site and at the instrument table or in the
periphery.

To date, most ORs in Dutch hospitals are built
as an ultra-clean (Lans et al., 2023) OR. Since the
recent FMS recommendation to reduce the number
of air changes per hour for most surgeries, there is
a need for a primary benchmark regarding the
number and type of microorganisms and dust par-
ticles measured during real surgery at the wound
site, instrument table, and periphery, measured in
an ultra-clean OR. The present baseline study
can be used as a contribution to the existing
body of work (Knudsen et al., 2021; Marsault
et al., 2021; Pedersen et al., 2019; Romano,
Milani, Ricci, et al., 2020; Scaltriti et al., 2007;
Tammelin et al., 2023) leading to a benchmark.

Methods
Themeasurementswere executed in anORatReinier
de Graaf Hospital (Delft, the Netherlands) during 29
different types of surgeries. TheOR in this studywas
equipped with a UDAF system and classified as an
ultra-clean OR class 1+. The UDAF system intro-
duces the air directly (and only) above the protected
area (see Figure 1). The staff present during surgery
wore modern scrub suits made out of 99% polyester
and 1% carbon fibers (Ljungqvist et al., 2015). The
source strength using this type of clothing was 2.9
(0.9–5.7) CFU/s per person (Ljungqvist et al.,
2015). The surface of the UDAF was 10.5 m2, and
the total air volume introduced was 11.340 m3/h,
which was 71 air changes per hour (ACH).

Colony-Forming Unit Measurements
For theCFUmeasurements, sterile sample extraction
hoses were positioned at three locations in the OR.

Figure 1. Working principle Unidirectional Air Flow

(UDAF).
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The extraction hoses were positioned by the surgical
staff at the location (<5 cm) of the incision, at the fur-
thest awaypositioned instrument table from the surgi-
cal site and in the periphery close to an air extraction
point (see Figure 2). The material of the sample tube
was1515“python”neoprenehosedimensionsØ15×
21(mm), temperature resistance: −20°C to +100°C.
The maximum length of the sample hoses was 3
meters. Portable Lighthouse H100 active-air sam-
plers were used formicrobial air sampling, according
to the slit principle. For 10 min, 100 dm3/min was
sampled. Airborne bacteria-carrying particles were
trapped via impaction on Tryptose Soy Agar cultiva-
tion plates. The plates were incubated aerobically for
2×24 h at 30–35°C. Directly after the incubation
period, the hospital laboratory determined and
reported the type of microorganism. The level of
CFUs was assessed by means of the Swedish stan-
dard SIS—TS39:2015 (SIS-TS 39(E):2015, 2015).
In contrary to other international standards (DIN
1946-4: 2018-09, 2018; Schweizerischer Verein
von Gebäudetechnik-Ingenieuren, 2015), the focus
in this standard (SIS-TS 39(E):2015, 2015) is on bio-
logical contamination and the use of microbiological
methods for the assessment.

Particle Count Measurements
The quantity of dust particles was measured at three
positions in the OR. The quantity of dust particles

was measured by the surgical staff at the location
(<5 cm) of the incision, at the furthest away posi-
tioned instrument table from the surgical site and
in the periphery close to an air extraction point
(see Figure 2). For the particle measurements,
Lighthouse 3016 handheld particle-counters with a
flow rate of 2.83 l/min (0.1 ft3/min) were used.
Particles with a size of ≥0.5 μm were measured.
The ISO level of particles was assessed by means
of the ISO 14644-1(ISO, 2015) standard, at-rest sit-
uation. At-rest is the condition where the OR or
clean zone is complete with equipment installed
and operating in a manner agreed upon, but with
no personnel present (ISO, 2015).

During all measurements, the number of staff
present, door openings, activity level, and extra
ordinary occasions were recorded.

Results
The number of CFU/m3 and particles during the
surgeries was on average at wound level ≤1
CFU/m3 resp. 852,679 particles, at instrument
table ≤1 CFU/m3 resp. 3,797 particles and in the
periphery ≤8 CFU/m3, resp. 4,355 particles. The
level of CFUs measured at the incision and instru-
ment table was on average 0.5 resp. 0.7 CFU/m3.
This is below the defined ≤10 CFU/m3 for ultra-
clean surgery (SIS-TS 39(E):2015, 2015), see

Figure 2. Photos of sample extraction hoses at the wound site (a), lighthouse 3016 handheld particle counters and

portable lighthouse H100 active-air samplers during measurements at instrument table (b), and extraction point (c).
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Table 1 for number of CFU/m3, type of microor-
ganism, and quantity of dust particles measured.

Discussion
Reducing energy consumption in hospitals has a
high priority (Friedericy et al., 2019; Zarzycka
et al., 2019). One possibility to save energy is to
reduce the ACH in the OR (Lans et al., 2024;
Loomans et al., 2020). For new construction pro-
jects, the choice is sometimes made to lower OR
classifications (Kennisinstituut van de federatie
van medisch specialisten, 2022), to lower the
ACH, and to modify the existing air handling instal-
lation fitted in existing ORs (Lans et al., 2024). The
WHO (World Health Organization, 2016) and FMS
(Kennisinstituut van de federatie van medisch spe-
cialisten, 2022) stated that existing research on
OR ventilation systems is flawed and that there is
only weak evidence that OR ventilation systems
help to reduce the incidence of SSIs (Brandt et al.,
2008; Breier et al., 2011; Weinstein & Bonten,
2017). Other studies declare the opposite
(Langvatn et al., 2020; Surial et al., 2022; Whyte
& Lytsy, 2019) and advise to use a UCV system
for infection-prone surgeries (HTM-03-01 Part A,
n.d.; NICE guideline, 2020; SIS-TS 39(E):2015,
2015), where artificial implants are used.

This baseline study has been performed to
enable a comparison regarding the number of
CFU/m3, type of microorganism, and quantity
of dust particles in an ultra-clean (HTM-03-01
Part A, n.d.; SIS-TS 39(E):2015, 2015) OR.
Since the recent FMS advice to reduce the ACH
for most surgeries, it is important to have a bench-
mark regarding the number and type of microor-
ganisms and particles measured during surgery
at the wound site, instrument table, and periphery,
measured in an OR Class 1+.

In this study, there was a broad variety of
microorganisms cultured at different locations,
often there was little correlation between types
of organisms found during one operation at differ-
ent locations or in subsequent uses of the OR. In
general, it can be said that an overwhelming
majority of the cultured bacteria are not known
as primary pathogens, such as Staphylococcus
aureus (Bode et al., 2010). The majority
of cultured organisms in this study are known

as colonizing bacteria of the human skin
(Staphylococcus hominis, S. epidermidis,
S. capitis) which could pose a risk for low-grade
prosthetic infections but were found in this study
distant from the operating table to form a risk to
the patient. Determination of the type of microor-
ganisms shows a paucity of primary pathogens,
with the largest numbers of cultured bacteria
members of human colonizers or environmental
contaminants that occasionally participate in
prosthetic infections, and in this study in an OR
equipped with a UDAF, were found distant
from the site of the surgery to form a threat in
those special cases. Besides the known SSI pre-
vention measures (Seidelman et al., 2023), an
ever-increasing air change rate is a concept that
is on most occasions already beyond a reasonable
expectation dose/response effect as long as the six
general strategies supported by randomized trials
are followed for prevention of SSIs: avoiding
razors for hair removal, decolonization with intra-
nasal antistaphylococcal agents and antistaphylo-
coccal skin antiseptics for high-risk procedures,
use of chlorhexidine gluconate and alcohol-based
skin preparation, maintaining normothermia to
keep the body temperature warmer than 36 °C,
perioperative glycemic control, and use of nega-
tive pressure wound therapy.

During the measurements, the UCV system
did not meet the at-rest ISO class 5 (DIN
1946-4: 2018-09, 2018; Kennisinstituut van de
federatie van medisch specialisten, 2022) stan-
dards at the measuring locations during surgery.
This is consistent with previous studies
(Marsault et al., 2021; Scaltriti et al., 2007). Our
study showed that the desired ISO5 (DIN
1946-4: 2018-09, 2018; Kennisinstituut van de
federatie van medisch specialisten, 2022; NF S
90 351, 2013) classification was exceeded on
every measurement location despite the high
ACH (Langvatn et al., 2020). The quantity of par-
ticles measured during surgery was on average
ISO8 at the wound site and ISO6 at the instrument
table and in the periphery (ISO, 2015). This is
consistent with other studies (Landrin et al.,
2005; Stålfelt et al., 2023).

When changing the air change rate in an existing
OR or when building a newOR, the selection of the
classification of the OR and ACH should depend
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on the type of the surgical procedure. As well the
number of people present, the heat load in the
OR, the clothing procedure (Ljungqvist et al.,
2015) etc. are important criteria. The impact of
reducing the ACH on the measured numbers of
CFUs and particles cannot be determined without
considering the aforementioned parameters.

This study has several limitations.
First, the impact on SSIs when reducing the air

change rate (Lans et al., 2024) in the OR is not
determined. To date, most ORs in Dutch hospitals
are designed as ultra-clean ORs (FMS Class 1+).
Changing from an UCV to a CV air supply
system can have an effect on the use of surgical
smoke and contaminant removal effectiveness
(Romano, Milani, Gustén, et al., 2020). However,
reducing the air change rate will decrease the
energy consumption of the OR air handling instal-
lation (Gormley et al., 2017; Marsault et al., 2021).
A study is recommended to evaluate the impact on
the number of SSIs and cultured bacteria when
reducing the ACH according to the FMS. This
study is recommended despite the fact that the out-
comes will be influenced by parameters such as
number and the behavior of staff present
(Humphreys, 2018; Wang et al., 2020), number
of door openings (Perez et al., 2018; Roth et al.,
2019; Smith et al., 2013), amount of air introduced
(Lans et al., 2022), type of surgical clothing (Cao
et al., 2021; Ljungqvist et al., 2015), and type of
surgical procedures (Friedericy et al., 2024).

Secondly, the number of staff present, door
openings, activity level, and extraordinary occa-
sions has influence on the number of CFU
during surgery. Although we recorded these, we
did not assess the impact of those activities on
we did not assess the impact of those activities
or occasions on the number of CFUs or the quan-
tity of dust particles (Perez et al., 2018; Roth
et al., 2019; Smith et al., 2013; Teter et al., 2017).

Third, in the current study, we only examined
one hospital OR location. It is recommended to
conduct a similar study in other hospitals and
ORs where room geometry (Memarzadeh &
Jiang, 2004), the ACH (Langvatn et al., 2020;
Lans et al., 2024), and type of UCV system vary
(Lans et al., 2022). The merging of all these data
will give a more comprehensive picture of
whether it is needed to apply high ACH.

In conclusion, the level of CFUs in the ultra-
clean surgical area is below the standards defined
ultra-clean level for ultra-clean ORs. The quantity
of dust particles measured during surgery was
higher than the standards defined ISO5 (ISO,
2015) at-rest. Regarding the number of particles
(≥0.5μm) during surgery ISO8 (ISO, 2015) levels
were reached at the wound site and ISO6 (ISO,
2015) at the instrument table and in the periphery.

Implications for Practice

• It is relevant to understand how air quality
in the OR affects the patient’s risk of
developing a SSI and the risk to staff
when exposed to surgical smoke and
other harmful substances.

• The design of the OR air handling installation
and selection of the type of UCV system is
important. The type of surgery should be
considered when selecting the type of air
handling and OR air supply system.

• When an OR is equipped with an ultra-clean
air supply system that is protecting only the
surgical site it will leave, the periphery of
the OR at risk for contamination.

• All environmental parameters should be
assessed to determine if a higher or lower
ACH will benefit the asepsis of the OR.
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