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Achieving room air quality of room class Ib in the aseptic
area using a mobile sterile ventilation unit in a room class

Il surgical unit

Erzielung der Raumluftqualitat der Raumklasse Ib im aseptischen
Bereich durch eine mobile Sterilbelliftungseinheit in einer

Operationseinheit der Raumklasse Il

Abstract

Introduction: Room air class (RC) Ib may be necessary for surgical proce-
dures in aseptic working areas. The aim of the study was to examine
whether a mobile, three-stage sterile ventilation unit (MSVU) can replace
a room ventilation system (RVS) with turbulent mixed flow (TMF) in the
area of the operating field and on the instrument table from hygienic-
microbiological point of view.

Method: During 26 surgeries (varicose vein stripping or treatment of
umbilical and inguinal hernias), the microbial load was recorded at
4 measuring points (M1-M4) during regular operations by setting up
sedimentation plates and measuring the particle concentration. Mea-
suring points M1 and M2 were located at the beginning and the end of
the instrument table, measuring point M3 next to the operating field
and measuring point M4 outside the sterilely ventilated area approx.
135 cm from the operating field. The measured values were compared
with results with simulated, incorrect positioning and with MSVU not
switched on.

Results: The number of people and the duration of the operation did not
differ between the 3 measurement situations.

The MSVU achieved a significant reduction in the number of sedimented
colony-forming units (CFU) at M1 by 88.4%, at M2 by 91.5% and at M3
by 65.2%. At measuring point M4, the values did not differ between
MSVU switched on or off. Even with an unacceptably increased distance
between the MSVU and the instrument table, the difference at measur-
ing points M1, M2 and M3 was still significant in comparison with MSVU
switched off. Coagulase-negative staphylococci were predominantly
detected, followed by Micrococcus luteus and apathogenic spore-
forming bacteria, but Gram-negative bacteria were not detected in any
cases. The number of CFU detected fulfils the criteria for conventionally
turbulent non-directionally ventilated surgical units with TMF of RC Ib.
The particle count was reduced by an average of 66%. As comparable
particle counts were found in the aseptic working area in a separately
conducted study in an RC Ib surgical unit, it can be assumed that the
results obtained with the MSVU are hygienically safe.

Conclusion: With the MSVU, a reduction of the microbial load and the
particle count in the room air was achieved in the area of the operating
field and on the instrument table during operation in an RC Il surgical
unit, which can be categorised as sufficient for operations in RC Ib. With
the aid of an MSVU, operations with a high risk of surgical sire infections
can also be carried out in surgical units of RC Il from hygienic-microbio-
logical point of view.

The MSVU is an organisationally flexible and economically interesting,
safe and sustainable option in terms of the microbiological load and
particle count in the operating field and instrument table instead of an
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RVS that ventilates the entire room. In times of increasing outpatientisa-
tion of surgical services, MSVU is a promising option for outpatient sur-
gical units in particular.

Keywords: mobile sterile ventilation unit, elimination of microorganisms,
elimination of particles, room class Ib, alternative for room ventilation
systems

Zusammenfassung

Einleitung: Fir chirurgische Eingriffe kann im aseptischen Arbeitsbereich
die Raumluftklasse (RK) Ib erforderlich sein. Ziel der Studie war es zu
Uberprufen, ob eine mobile, dreistufige SterilbelUftungseinheit (mStBE)
aus hygienisch-mikrobiologischer Sicht eine Raumlufttechnische Anlage
(RLTA) mit turbulenter Mischstromung (TVS) im Bereich des Operations-
felds und auf dem Instrumententisch ersetzen kann.

Methode: Bei 26 Operationen (Varizen-Stripping und Versorgung von
Nabel- und Leistenhernien) wurde wahrend des regularen Operations-
betriebs die mikrobielle Belastung an 4 Messpunkten (M1-M4) durch
Aufstellen von Sedimentationsplatten und Messung der Partikelkonzen-
tration erfasst. Die Messpunkte M1 und M2 befanden sich am Beginn
und am Ende des Instrumententischs, Messpunkt M3 neben dem
Operationsfeld und Messpunkt M4 aufRerhalb des steril bellifteten Be-
reichs ca. 135 cm vom Operationsfeld entfernt. Die Messwerte wurden
mit Ergebnissen bei simulierter, inkorrekter Positionierung und bei nicht
eingeschalteter mStBE verglichen.

Ergebnisse: Die Personenzahl und die Operationsdauer unterschieden
sich nicht zwischen den 3 Messsituationen.

Durch die mStBE wurde eine signifikante Reduktion der Anzahl sedimen-
tierter Koloniebildender Einheiten (KbE) an M1 um 88,4%, an M2 um
91,5% und an M3 um 65,2% erreicht. Am Messpunkt M4 unterschieden
sich die Werte nicht zwischen ein- bzw. ausgeschalteter mStBE. Selbst
bei unzulassig vergrolertem Abstand der mStBE zum Instrumententisch
war der Unterschied an den Messpunkten M1, M2 und M3 noch signi-
fikant im Vergleich zur abgeschalteten mStBE. Es wurden Uberwiegend
Koagulase-negative Staphylokokken, gefolgt von Micrococcus luteus
und apathogenen sporenbildenden Bakterien, jedoch in keinem Fall
Gram-negative Bakterien nachgewiesen. Die Anzahl nachgewiesener
KbE erfullt die Kriterien fur konventionell turbulent ungerichtet bellftete
Operationseinheiten mit TVS der RK Ib.

Die Partikelzahl wurde durchschnittlich um 66% reduziert. Da in einer
separat durchgeflhrten Untersuchung in einer Operationseinheit der
RK Ib vergleichbare Partikelzahlen im aseptischen Arbeitsbereich gefun-
den wurden, kann von hygienischer Unbedenklichkeit der mit der mStBE
erzielten Ergebnisse ausgegangen werden.

Schlussfolgerung: Mit der mStBE wurde im Bereich des Operationsfelds
und auf dem Instrumententisch bei Betrieb in einer Operationseinheit
der RK Il eine Reduktion der mikrobiellen Belastung und der Partikelzahl
in der Raumluft erreicht, die flir Operationen in der Raumklasse Ib als
ausreichend einzustufen ist. Mithilfe einer mStBE kénnen aus hygie-
nisch-mikrobiologischer Sicht auch Operationen mit hohem Risiko fur
postoperative Wundinfektionen in Operationseinheiten der RK Il durch-
gefuhrt werden. Die mStBE ist eine organisatorisch flexible und betriebs-
wirtschaftliche interessante, bezogen auf die mikrobiologische Belastung
und Partikelzahl im OP-Feld und Instrumententisch unbedenkliche und
nachhaltige Option anstelle einer den gesamten Raum bellftenden
RLTA. In Zeiten der zunehmenden Ambulantisierung chirurgischer Leis-
tungen ist die mStBE insbesondere fir ambulante Operationseinheiten
eine aussichtsreiche Option.
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Schlisselworter: mobile Sterilbellftungseinheit, Elimination
Mikroorganismen, Partikelelimination, Raumklasse b, Alternative fur

Raumlufttechnische Anlagen

Objective

Operating units are ventilated either with room ventilation
systems (RVS) with low-turbulence displacement flow (so-
called laminar air flow, LAF), with turbulent mixed flow
(TMF) or by means of windows instead of an RVS. The
rooms ventilated using RVS are classified as room class
(RC) la when ventilated with LAF, RC Ib with TMF and RC
Il with window ventilation. For surgical units with a high
or medium risk of developing a surgical site infection
(SSI), RC Ib is the standard; for surgical units or procedure
rooms for performing operations with a low risk of devel-
oping an SSI, RC Il is possible as an alternative [1].

In RVS with TMF, sterile filtered supply air is introduced
into the room in a non-directional, turbulent manner via
outlets in the ceiling. In RVS with LAF, directed low-turbu-
lence sterile filtered supply air from the entire ceiling dif-
fuser is directed evenly onto the operating field, the in-
strument table and the aseptically working surgical team.
In both cases, the air flow is directed vertically from top
to bottom. With both types of ventilation, a permanent
supply air flow creates a relative overpressure to adjacent
rooms, preventing air from neighbouring rooms from es-
caping. The supply of bacteria-free filtered air in the form
of LAF or TMF significantly reduces the load of microor-
ganisms and particles in the aseptic work area, whereby
the reduction rate for airborne microrganisms is higher
with LAF than with TMF [2], [3], [4], [5], [6], [7].

The evidence for the influence of both forms of RVS
ventilation on the rate of SSl is limited. In older prospec-
tive controlled studies, RVS with LAF was shown to have
an additional prophylactic effect against SSls, but this
was masked by the effect of simultaneously established
PAP [8], [9], [10]. In a prospective cohort study with
identical perioperative antibiotic prophylaxis and the use
of impermeable surgical gowns and surgical field drapes
with high performance quality, the reoperation rate after
implantation of hip prostheses was significantly lower
when ventilated with LAF [11], as well as in a retrospec-
tive study after arterial bypass [12]. However, more recent
retrospective controlled studies and reviews have shown
no protective effect of LAF compared to TMF [13], [14],
[15], [16], [17], [18], [19] and even an increase in SSls
[20]. Even if the studies have limitations, no specific in-
fection-preventing effect can be derived from the use of
RVS with LAF based on the study situation [1], [20]. One
reason for this may be the drop in the patient’s body
temperature below the critical value of 36°C [21] caused
by the directed airflow during longer operations, unless
the patient is actively warmed, as hypothermia favours
the development of SSI [22]. In addition, the unfavourable
vertical flow direction from top to bottom during LAF
means that turbulence is unavoidable, both from the
surgical team and from the operating lamps. As the sur-

gical team is not completely encased in sterile drapes,
microorganisms of the skin flora released by turbulence
can enter the surgical field. Turbulence is particularly
critical if the size of the LAF system is too small (demon-
strated in a comparison of sizes 380 cmx120 cm instead
of 518 cmx380 cm), because pathogens are then swirled
from the floor into the operating area as soon as a team
member unintentionally steps out of the flow field, espe-
cially partially [5]. However, depending on the size of the
surgical unit and the different levels of physical exertion
during the procedure, an RVS may be required for fresh
air supply and air conditioning, while a separate suction
system is also be necessary for TMF if harmful substances
(surgical smoke and anaesthetic gases if still in use) are
present.

The recommendation of the Commission for Hospital
Hygiene and Infection Prevention on the prevention of
SSils states that for operations with low risk of developing
an SSI, sufficient window ventilation can be considered
as an alternative to RC Ib, provided that the entry of
contaminants from outside, e.g. through fly windows, is
prevented [1]. Examples include minor eye, ear, nose,
throat and maxillofacial surgery, interventional radiological
and cardiological surgery and minor skin/subcutaneous
surgery. For surgeries with medium and high SSI risk, in-
cluding visceral surgery, orthopaedic and vascular surgery
without permanent implants, major eye, ear, nose, throat
and maxillofacial surgery as well as interventional sur-
geries as extravascularly inserted implants, e.g. pace-
makers and surgeries that are likely to have serious
consequences, e.g. heart valve replacement, aortic
prosthesis, permanent orthopaedic implants and organ
transplantation, ventilation with triple-filtered air, i.e. RC
Ib, is recommended [1]. However, there is a lack of evid-
ence for RC la for surgeries with medium and high SSI
risk [1]. Even for RC Ib there is no epidemiological justi-
fication; only studies on its efficiency in terms of reducing
airborne microorganisms and particles.

As the installation of an RVS is linked to extensive struc-
tural requirements with high investment and maintenance
costs, requires a high energy input because the entire
room is ventilated, and has the disadvantage of vertical
flow from top to bottom, a mobile sterile ventilation unit
(MSVU) is desirable, which only flows horizontally over
the aseptic working areas, i.e. the operating field and the
instrument table, with three-stage sterile filtered air. The
use of an MSVU also contributes to sustainability, as only
the area above the operating field is ventilated instead
of the entire room. As MSVUs significantly reduce the
microbial and particle load in the aseptic area with over-
flow [23], [24], [25], [26], it should be hygienically and
microbiologically tested whether a three-stage MSVU
(prefilter F7, HEPA filter H14 and laminar filter at the
outlet of the HEPA filter), which overflows the instrument
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table and the operating field with LAF, can be used in a
RC Il operating theatre in the aseptic working area, i.e.
above the opened operating field and the instrument
table, RC Ib can be achieved.

Method
Setting

Between February 2019 and February 2020, an outpa-
tient surgical unit in RC Il was investigated to determine
whether RC Ib can be achieved by using an MSVU in the
aseptic working area. For this purpose, the microbial load
and the particle concentration were determined for n=26
surgeries and the temperature and relative humidity were
measured during regular surgery. For comparison, the
load of microorganisms and particles in the room air was
analysed after increasing the distance between the flow
outlet of the MSVU and the surgical field during five oper-
ations and during two operations when the system was
switched off. The measurements were carried out during
varicose vein stripping and during the treatment of umbil-
ical and inguinal hernias, as the the normal course of
surgery is least disturbed by the measurements during
these operations.

The study was approved by the Ethics Committee of
Greifswald University Medicine (ethics vote BB 082/18)
and the consent of the surgical practice. The study was
conducted in accordance with the Declaration of Helsinki.
The operating unit has a volume of 38.02 m® and has no
RVS. The room has a door that opens inwards and two
gauze-protected windows on the wall opposite the door
and on the wall to the left of the door (Figure 1). The
preparation room is located in front of the operating unit,
where the sterile supplies are stored in a closed area and
the patient is prepared for the operation. In addition to
the patient, the surgeon, the operating nurse, the anes-
thesiologist, and the doctoral student were present during
the operation to carry out the measurements.

A distinction was made between 3 measurement situ-
ations:

¢ A=Measurement with optimum alignment of the airflow
outlet from the MSVU without distance to the instru-
ment table (n=26 surgeries)

¢ B=Measurement with simulated incorrect positioning
of the MSVU with a distance of 40 cm between the
airflow outlet and the instrument table (n=5 surgeries)

* C=Measurement with MSVU not switched on as the
first measurement before the start of the surgical
programme (n=2).

Devices and materials used

The following were used

¢ the Operio MSVU (60x45 cm display screen), air flow
velocity 0.4-0.5 m/s, air circulation 400 m*/h; Toul
Meditech AB, Vasteras, Sweden),

¢ the Abakusis particle counter (Markus Klotz GmbH,
Bad Liebenzell, Germany) and

¢ the Testo 400 universal climate meter (Testo SE & Co.
KGaA, Titisee-Neustadt, Germany).

Sterile triple-blistered CASO-Agar-ICR 30 ml (casein soya
peptone agar; Isolators and Clean Rooms, @ 90 mm;
Merck KGaA, Darmstadt, Germany) were used as sedi-
mentation plates in the aseptic area. Columbia blood
agar sedimentation plates (@ 90 mm, Merck KGaA,
Darmstadt, Germany) were used for the measurements
in the non-aseptic area.

Figure 2, Figure 3, Figure 4, and Figure 5 show schemat-
ically typical configurations for the use of the MSVU.

Performing the measurement in
operation

While preparations were being made for the next opera-
tion, the MSVU was prepared by attaching the sterile
shield while the flow was still switched off and then
pressing the button that reads the barcode on the sterile
shield. As soon as all indicators light up green, the unit
is ready for use. At the start of the operation, the device
was brought into position, i.e. the surgical field to be
covered was set on the display, the air flow was switched
on and 1 min was waited until the incision was made.
The MSVU remained in operation during the entire oper-
ation and was only switched off at the end of the opera-
tion. The windows were closed continuously from the start
of the preparations in the surgical unit until the end of
the measurements.

Relative humidity and temperature were measured at the
beginning and end of each operation. Agar plates were
set up at four measuring points (M) during the operation
to record the microbial load (Figure 1):

* M1 and M2 were located on the instrument table near
and far from the outlet of the MSVU, respectively. M1
was located in the right rear corner of the instrument
table directly in front of the flow outlet. M2 was located
on the opposite corner of the instrument table approx.
45 cm from the flow outlet (size of the instrument
table 40 cm x 60 cm; Figure 1).

* M3 was located next to the surgical field on the pa-
tient’'s abdomen at a maximum distance of 25 cm from
the surgical field (Figure 1).

* M4 was located outside the sterilely ventilated area
on the windowsill of the room approx. 135 cm from
the operating field (Figure 1).

Sterile-packed sedimentation plates were used for mea-
suring points M1, M2 and M3 and placed on the measur-
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Figure 1: Sketch of the operating unit with arrangement of the measuring points M1 to M4

Figure 2: Operation on the foot

Figure 3: Breast surgery
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Figure 4: Heart surgery

Figure 5: Surgery on the eye

ing points by the operating theatre nurse. At measuring
point M4, an aseptically packed sedimentation plate was
placed by the doctoral student. The agar plates were
opened at the beginning of the incision and left open
until the end of the suture.

The particle count (size fraction 0.5 pym-4.9 ym) was re-
corded continuously for a period of 1 min (corresponding
to an air volume of 28.3 litres) over the period from the
incision to the suture using the particle counter. For this
purpose, the measuring probe of the particle counter was
attached to a self-built frame and placed as close as
possible to the surgical site (Figure 6). The distance of
the particle counter varied between 120 cm and 140 cm
depending on the height of the surgeon, so that the
measurement always took place approx. 30 cm above
the patient just behind the surgical site. A tripod with a
steel tube inserted into the centre served as a holding
device. Another steel tube was attached to the steel tube
via a sleeve at a 90° angle, at the end of which there
was a screw clamp in which the measuring probe could
be attached. The measuring probe and the steel tube
were covered with a sterile camera cover and the camera
cover was fixed to the opening of the particle filter with
the supplied adhesive strip so that the opening was not
covered. The funnel of the measuring device was steril-
ised in the steam steriliser of the operating unitat 134°C
for 3 min holding time before each measurement. Before
recording each measurement run, a zero adjustment was

carried out using a particle-tight sterile filter to eliminate
any particles still present in the system.

Figure 6: Structure of the particle measurement

Accompanying measurements

For each surgery, the number of people present, the
number of door openings during the operation and the
duration of the procedure (incision-suture time) were re-
corded. The latter was converted to 1 hour. The temper-
ature and relative humidity were measured at the begin-
ning and the end of the surgery in the centre of the oper-
ating theatre at a height of 120 cm above the floor.
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Data processing

The statistical programme IBM SPSS Statistics Version
28 (IBM Inc.) and Microsoft Excel 2010 were used for the
statistical evaluation of the measured values. The signi-
ficance level was set at p<0.05. The test for normal dis-
tribution using the Kolmogorov-Smirnoff adjustment test
only partially showed a normal distribution of the mea-
sured values, so that the Mann-Whitney U test for inde-
pendent samples was carried out as a non-parametric
test procedure.

Results

Accompanying circumstances of the
measurement situations

The number of people and the duration of the operation
did not differ significantly between measurement situ-
ations A, B and C (Table 1). In contrast, the number of
door openings in measurement situation A was about
twice as high as in measurement situations B and C.

Microbial indoor air pollution

The MSVU (measurement situation A) achieved a signifi-
cant reduction in the number of sedimented CFU at
measurement points M1, M2 and M3 compared to the
values with the system switched off (measurement situ-
ation C). Only at measuring point M4 did the values not
differ between the system being switched on and off. Al-
though the number of door openings in measuring situ-
ation A was almost twice as high as in measuring situation
B, significantly lower values were achieved in measuring
situation A at measuring point M1 than in measuring
situation B (Table 2). The microbial load was reduced by
88.4% at measuring points M1, M2 by 91.5% and M3 by
65.2%. Even with an increased distance of 40 cm
between the LAF and the instrument table (measurement
situation B), the difference at measuring points M1, M2
and M3 was still significant compared to the switched-off
system, albeit tending to be significantly lower at M1
(Table 2).

Similarly, the number of sedimentation plates without
bacteria detection differed. When the MSVU was switched
off (measurement situation C), a higher number of plates
with growth was detected at measurement points M1,
M2 and M3 than when the system was operating properly
(measurement situation A) (Table 3). However, the differ-
ence was not significant due to the small sample size.
There were only slight differences in pathogen detection
between the 3 measurement situations (Table 4). Tenden-
tially, more coagulase-negative staphylococci (CoNS) were
detectable when the MSVU was not switched on. Gram-
negative bacteria were not detectable in any case.

Particle count in the room air

By continuously measuring the particle concentration at
the measuring point, the particle concentration deter-
mined per minute was recorded over the entire course
of the operation directly behind the operation area. In
measurement situation A, the initial level of particle con-
centration at the beginning of the measurements was
1,665,339 particles/m®/min (mean value for 26 sur-
geries) and decreased over the course of the surgery to
an average of 371,528 particles/m>/min (Figure 7). The
quotient of the particle count during the last measure-
ment and the first measurement was on average
0.34+0.26, which corresponds to an average reduction
in the particle count of 66%.

In measurement situation B, the initial level of particle
concentration at the beginning of the measurements was
1,817,894 particles/m’/min (mean value for 5 opera-
tions) and decreased over the course of the operation to
548,051 particles/m*/min on average for all measure-
ments. Compared to measurement situation A, the de-
crease in the particle count was significantly slower
(Figure 8). The quotient of the particle count during the
last measurement and the first measurement was on
average 0.36+0.28, which corresponds to an average
reduction in the particle count of 64%.

When the MSVU was not switched on (measurement
situation C), the particle count remained almost constant
with a slight increase at the end of the operation
(Figure 9).

To statistically analyse the particle concentration over
time, a bivariate linear regression line was determined
from the particle concentrations measured from the cut
to the suture. The slope of the straight line correlated
with the drop in particle concentration. The frequency
distribution of the slope did not show a normal distribution
with the Kolmogorov-Smirnoff fit test. Therefore, the
Mann-Whitney U test for independent samples was used
as a non-parametric test method. In measurement situ-
ation A, the larger negative slope was detectable on aver-
age. The difference to measurement situation B was sig-
nificant (p=0.003) with the exception of measurement
point M4 outside the operating theatre field. Even
between measurement situation B and C, the difference
at measurement points M1, M2 and M3 was significant
(p=0.048).

In situation A, a median reduction of the initial concentra-
tion by 50% was achieved after 15 min for particles of
size 0.5 ym-4.9 ym.

Discussion

The studies on the role of RVS are based on the hypothe-
sis that room air is a relevant reservoir of pathogens and
represents a source for SSI. However, it should be noted
that the main source of SSI are the patient's resident
microflora which, depending on the location of the pro-
cedure, is released direct or indirect by translocation into
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Table 1: Frequency (mean value and dispersion) of the accompanying circumstances in the three measurement situations

Table 2: Results (mean value and scatter) of microbial sedimentation

Table 3: Proportion (%) of sedimentation plates without growth of CFU

Table 4: Proportion (%) of detected pathogens in the three measurement situations

the surgical wound i.e. from the nasal vestibule, the
conjunctiva of the eye, the intestinal tract or from the skin
adjacent to the surgical wound. The reason is that the
resident flora cannot be completely eliminated by antisep-
tics. Thus the resident flora in the hair follicles [25], se-
baceous and sweat glands are not reached by the preop-
erative skin antisepsis and only a part of the released
resident flora, if the alcohol-based skin antiseptic contains
a remanent additive, is subsequently inactivated, as alco-
hols themselves have no remanent effect [26]. In allo-
plastic joint implantations, vascular transplants and der-
matosurgical procedures, the role of the skin flora as a
source of SSI is obvious from the etiology, because rep-
resentatives of the deep skin flora such as Staphylococ-
cus aureus, CoNS, Streptococcus spp. and Acinetobacter
spp. dominate as pathogens [27], [28], [29]. The release
of resident skin flora into the surgical wound can also be
recognised by the fact that at the beginning of the surgical
procedure, sterile surgical gloves were contaminated with
resident skin flora in 54% [30] at the time of insertion of
the hip endoprosthesis and even in 91% at the time of

insertion of vascular grafts [31]. In contrast, it is unclear
how high is vthe proportion of bacteria released by the
surgical team that can enter the surgical wound via air-
way. Hambraeus et al. [32] calculated from the amount
of pathogens on surfaces and their number after redis-
persion into the room air that less than 15% of the bac-
teria detectable in the air in surgical units originated from
the floor and categorised the risk of microorganisms
stirred up from surfaces or floors as a source of SSI as
low. However, as RVS are often required for large surgical
units with continuous supply of fresh air with unknown
microbial input, the ventilation requires sterile filtered
supply air. Therefore RVS ventilated surgical units of RC
Ib are considered the standard for surgieries with medium
and high SSl risk [1]. However, there is a lack of evidence
of infection prevention for RC Ib because it is not ethically
justifiable to compare the SSI rate when performing the
same procedures in RC Ib or RC . A valid justification for
RC Ib is that the high cost of reprocessing the sterile in-
struments would be reduced to absurdity if the instrument
table in RC Il were exposed to unprotected microbial
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Figure 7: Decrease in particle concentration in measurement situation A for 26 operations

Figure 8: Decrease in particle concentration in measurement situation B with 5 operations

contamination from the room air. In addition, an uncon-
trolled quantity of airborne microorganisms could enter
the open surgical wound. Therefore, for operations with
a medium and high SSI risk and in the case of serious
consequences in the event of an SSI, RC Ib in the area
of the operating field and the instrument table is con-
sidered standard [1]. If this can be achieved with an
MSVU, both the costs and sustainability, but above all

the horizontal overflow, speak in favour of using this in-
stead of RVS.

The significant reduction in the microbial and particulate
load in the room air in the aseptic working area is due to
the MSVU, as the number of people in the operating unit
and the duration of the operation did not differ between
the 3 measurement situations and was even significantly
higher when the system was switched on (Table 1), the
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Figure 9: Course of the particle concentration with ventilation not switched on for 2 operations

number of door openings was lowest in measurement
situation C (Table 1). Nevertheless, the number of CFU
was significantly higher than when the ventilation system
was switched on with a much higher number of door
openings. The MSVU reduced the microbial load by 81.7%
on average at measuring points M1, M2 and M3. With
an RVS with TMF, the increased bacterial indoor air load
caused by door openings was only reduced by 36.6%
during ongoing operations [7]. Even if the spatial condi-
tions and the range of operations differ, the result speaks
for the efficacy of the MSVU.

The number of detectable CFU increased as the distance
between the system and the operating theatre was in-
creased. This illustrates that the correct positioning of
the MSVU is important for its effectiveness.

The findings at measuring point M4 outside the overflow
area make it clear that, as expected, the air flowing over
the operating field only has an effect in the area of the
instrument table and the operating field.

The results of air filtration and sedimentation measure-
ments by Pasquarella et al. [33] are used to assess the
results. The authors determined a different bacterial con-
tamination of the room air depending on the risk area
and recommended 5 CFU/sedimentation plate/hour as
the maximum acceptable contamination for areas with
very high requirements, e.g. in protective isolation, bone
surgery operations and for the production of sterile drugs
in the pharmaceutical industry, and 25 CFU/sedimenta-
tion plate/hour for areas with high requirements, e.g. in
conventional operating units. For areas with high require-
ments, e.g. in conventional surgical units, 25 CFU/sedi-
mentation plate/hour, for areas with medium require-

ments, e.g. kitchens and wards, 50 CFU/sedimentation
plate/hour and for areas with low requirements
75 CFU/sedimentation plate/hour. Even if these values
are not epidemiologically justified, they provide a realistic
orientation based on the large number of values collected.
With the MSVU, when optimally aligned to the operating
field (measuring situation A) on the instrument table, the
range for very high requirements was clearly undercut
and the operating field was reached close (at M3).

In measurement situation B, the mean values for M1 and
M2 were also below 5 CFU/sedimentation plate/hour,
but the range of dispersion exceeded the mean value of
5, while for M3 the mean value slightly exceeded the
value of 5 CFU/sedimentation plate/hour. The range of
25 CFU/sedimentation plate/hour, as recommended for
operations with a medium risk of developing SSI [22],
was clearly undercut even at measuring point M4, even
after switching off the RVS.

As expected, the microorganisms detected were Gram-
positive representatives of the resident skin flora, which
are released by the operating theatre team, and apatho-
genic spore-forming bacteria, which are ubiquitous in
dust as environmental flora. Gram-negative bacteria with
predominant origin from the intestine were not detectable
in any case.

The following comparison is instructive. For organizational
reasons, a hospital wanted to swap an RC la operating
theatre for an RC Ib operating theatre. By determining the
sedimentation of microorganisms and particle measure-
ment during regular surgery, the aim was to clarify
whether the RC Ib operating unit achieves comparable
results to the RC la operating unit. Both parameters were
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Table 5: Mean values and standard deviation (SD) for the number of colony-forming units (CFU) per hour and for the mean
particle number (0.5-4.9 pym) in the course of surgery

determined in 48 surgeries over the course of 7 weeks
[34]. As both RVSs were operated in accordance with the
standards resulting of testing at rest, the results allow a
comparison with the effectiveness of the tested MSVU.
For comparison with the MSVU, the measurement results
for microbial sedimentation near the operating field and
in the area of the instrument table as well as for the
particle count near the operating field and in the area of
the instrument table are considered for only RC Ib only,
because its relevance for the comparison with the MSVU.
With roughly comparable localization of the sampling
points and identical measurement procedure,
2.6+2.9 CFU/50 cm®/hour sedimented in the area of the
operating field and 4.7+4.6 CFU/50 cm®/hour upstream
of the operating table [34], i.e. the values do not differ
significantly from the values achieved with the MSVU
(Table 5).

Itis not known whether there is a critical particle number
above which there is an increased risk of developing an
SSlin RC Ib. Standards in this regard were drawn up by
technicians without reference to the risk of infection
based on infection epidemiology. In the surgical unit with
RVS of RC Ib, a mean value of 117.669 particles was
measured above the surgical field during gynecological
operations (mean operation duration 50 min) [34]
(Table 5). Tendentially, the number of particles when us-
ing the MSVU is higher than In the surgical unit with RVS
of RC Ib (Table 5). But the values are not comparable with
the MSVU situation because the RVS was running in
continuous operation in the surgical unit, while the MSVU
was only switched on 1 min before the incision. Even if
the particle count is higher than in the study in RC Ib
(Table 5), this is not relevant from infectiological point of
view, because it has only been shown for particles >5 uym
that the number of sedimented CFU close to the surgical
field increases with a higher particle number [34]
(Table 5). The effectiveness can presumably be improved
if the MSVU is switched on 5 minutes before cutting in-
stead of 1 minute, for example. For switching off RVS in
operating theaters, significantly longer lead times of
>20 min were set for recommissioning, depending on the
system. Other parameters such as the type of draping,
the sequence of preoperative steps, the positioning of
the instruments and the type of protective clothing may
have further, but probably not significant, influences. The
separation of the operating field from the anesthesia area
could also have an effect if the operating area is close.
It can also be investigated whether mobile technology
improves the working conditions for the surgical team.

The results obtained with the MSVU agree with previous
studies. During orthopedic implant insertions (n=48),
separate ventilation of the instrument table significantly
(p<0.001) reduced the air contamination above the in-
struments compared to the ambient air (in 10 surgeries
with and without mobile unit, respectively, indoor air pol-
lution 0.3+0.78 CFU/m®/hour and 13.4+13.25 CFU/m’/
hour [35]. Comparable results were achieved in two RC
la surgical units by additional ventilation of the instrument
table [36], [37]. In RC Ib, RC IA was achieved by additional
mobile ventilation above the instrument table [38]. In a
neurosurgical operating unit with turbulent ventilation
(15 air changes/hour), the air colony count was signific-
antly (p<0.001) reduced (<0.5 m away from the operating
field 15.0 [7.5-43.5] and 2.0 [0.0-4.0] CFU/m’/hour)
by additionally installing the mobile ventilation unit both
in the operating area and above the instrument table
[39]. In an analogue study of alloplastic knee implanta-
tion, the airborne exposure in the surgical field was re-
duced from 23.5 to 3.5 CFU/m®/hour, i.e. below the re-
commended value for RVS with TAV. In contrast, the val-
ues in the area of the instrument table remained unaf-
fected [40]. In a study similar to ours, the particle count
in cataract surgery was reduced by 79% from 0.5 u,
81.7% from 1 y and 90.8% from 5 p particles [41]. The
reduction was thus even higher than in our study, presum-
ably because the operation is associated with less particle
exposure. Textile fibres in the eye (lint fibres) occurred
significantly less frequently (6/50 eyes vs. 0/99 eyes,
p=0.014) [40].

As the requirement in Italy for intravitreal injection (IVI)
to be performed in a surgical unit, the consequence dur-
ing the COVID-19 pandemic would have been a drastic
reduction in the number of feasible operations. Because
in countries such as USA and Canada IVI may be per-
formed in the ophthalmologist’s practice, in an Italian
study IVI was performed under the conditions of an oph-
thalmologist’s practice using MSVU. In 5,678 IVIs per-
formed, the complication rate was low at 0.0465%; en-
dophthalmitis developed once (0.0176%) [42]; this was
within the observed endophthalmitis rate of 0.008 to
0.092% [43]. Surgical costs were reduced by 26% per IVI
[42]. Using a similar approach in the UK, no SSI oc-
curred in 1,269 cataract surgeries after review after 2
weeks. This emphasizes the safety of MSVU, as a ques-
tionnaire survey in the UK in 1999/2000 showed an in-
cidence of 0.14% for endophthalmitis [44].
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Limitations

Due to the determination of the CFU, the measurement
of particle sizes >5 ym was omitted, especially as these
are present in smaller numbers than smaller particles
and are eliminated more effectively due to their size. As
the MSVU was switched on 1 min before the start of the
operation, but the particle reduction only reaches a me-
dian of 50% after 15 min, the 1 min represents a worst
case with regard to particle reduction. It should be
checked what influence the start-up e.g. 5 min instead
of 1 min before cutting has on particle elimination.

A second limitation is that the elimination performance
was only determined with 2 measurements compared to
the system that was not switched on. In view of the low
scattering of the measured values between the two
measurements, however, it can be assumed that the
measured values reflect real conditions.

Although the MSVU was only tested for two types of sur-
gery, it can be assumed that its effectiveness is guaran-
teed regardless of the type of surgery if it is positioned
correctly.

Conclusion

The conclusion is that the mobile ventilation unit, when
installed in an RC Il operating theatre in the area of the
operating field and the instrument table, achieves values
that correspond with an RVS which generate RC Ib in
terms of both microbiology and particle count. This means
that operations with a high and medium SSlI risk can be
performed under these conditions. This conclusion can
also be derived from the comparison with the results of
a study in a surgical unit with RVS of Rk Ib [34].

Further considerations

The great advantage of mobile sterile ventilation units is
that the creation of aseptic working areas is decoupled
from building structures by locally targeted displacement
of room air contaminated with microorganisms and par-
ticles, i.e. mobile sterile ventilation units bring the sterile
filtered air flow locally to the required areas instead of
completely ventilating the unneeded environment in the
entire room with TMF.

The mobile technology enables use at any time in different
locations, e.g. during

e operations, catheter interventions and port implanta-
tions,

¢ thetreatment of burns and chemical lesions, if neces-
sary with

¢ reverse suction,

* in intensive care units, e.g. for emergency interven-
tions, emergency caesarean section and other un-
planned interventions.

As only electricity and a small amount of disposable ma-
terial are required for operation, mobile surgical units
can be used in developing countries, in war situations
and under disaster conditions. This means that injured
people can be treated on site instead of being transported
over long distances. The manageable dimensions, low
weight and simple handling allow storage, transportation,
provision and readiness for use in just a few minutes.
Even non-professionals can be instructed graphically or
by video in a matter of minutes.

As MSVU are significantly less cost-intensive to install,
maintain and more sustainable in operation, they can be
taken into account in future when planning new buildings
or reconstruction projects in both outpatient and inpatient
surgical centres in hospital hygiene risk assessment and
planning with regard to the protection of the operating
field and the instrument table against airborne infectious
agents. Even in inpatient surgical centres with RVS, in
which operations are performed that require highly spe-
cialised equipment or equipment used by several surgical
disciplines and for which interdisciplinary cooperation
may be necessary or in which an unplanned extension
may occur after an initially limited procedure, e.g. after
implantation of a heart valve, the additional use of an
MSVU can be useful in order to provide a targeted hori-
zontal flow of sterile filtered air over the operating field
with the associated advantages. If very large wound areas
need to be covered, it may be advisable to cover the in-
strument table and the patient with a separate unit.
Complex and very large OR settings can be covered by
using several mobile units. In any case, the importance
of the correct positioning of the mStBE to protect the
operating field and instrument table must be emphasized.
Particularly when using currently used robotic surgical
assistance systems (e.g. Da Vinci, Hugo, Versius and
Asensus system), large parts of the surgical field are
covered by the robotic systems. Here, the directional
ceiling-to-floor ventilation cannot safely and continuously
flow over the operating field, and undirected turbulence
is caused by the flow towards the robotic system. In this
case, horizontal overflow with lateral supply of sterile
filtered room air to the operating field is more favourable
in perspective. Irrespective of this, when using robotic
systems, it should always be ensured that all surfaces
that enter the air flow of the RVS are disinfected daily by
wiping to prevent the introduction of airborne dust depos-
its, as the robotic systems are generally only provided
with sterile coatings on the components directly related
to the patient, but not on the load-bearing axial parts of
the central column that house the operating arms.
Hospitals are undergoing fundamental change and it is
difficult to predict what intervention processes will look
like in detail in a few years’ time. In any case, the propor-
tion of minimally invasive operations will continue to in-
crease, even with additional adjuvant therapy combina-
tions. If expensive and specialized technology can be
dispensed with, shell concepts and rooms can not only
be built much more cheaply (estimated at up to 40%),
they can also be repurposed much more easily. It is nec-
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essary to free oneself from traditional structures, room
concepts and facilities. There are alternatives to ceiling
lights, for example; a surgeon can use glasses to link data
with the real view. Will there still be a need for many
monitors and operating room lights that illuminate the
operating field rather than the internal site? The combi-
nation of innovative technology with stringent processes
will not only further reduce SSlI rates but also improve the
quality of work. Such a novel approach potentially enables
further follow-up steps that would need to be evaluated,
such as

¢ relieving the strain on operators through modified
protective clothing and
¢ optimization of coverage and the process sequence.

Since the number of outpatient surgical centres corres-
ponds to the number of patients who can be cared for at
home after surgery and the acquisition of nosocomial
pathogens in the home environment is unlikely, it also
makes sense from this point of view to increase the
number of outpatient surgical centres. This is promoted
by the possibility of using mobile sterile ventilation sys-
tems instead of RVSs.

In any case, it must be ensured that SSI are recorded, as
the conclusions of the study are based on the recording
of microbiological parameters and particle counts, but
not on a comparison of SSI rates.

If air conditioning and fresh air supply are required in
addition to aseptic conditions, this can be achieved with
an additional installation which is less complex than a
RVS. For example, the Operio Clinic system can supply
up to 1,080 m® of filtered, germ-free outside air per hour
into the operating unit. The positive pressure also pre-
vents contaminated air from neighbouring rooms from
entering [45]. If surgical smog is to be removed, local
extraction devices must be used in the same way as for
operating theatres ventilated with RVS in order to capture
the smoke at source.

Based on a risk assessment, Attachment 1 provides an
estimate for selected operations for which RC Il appears
to be sufficient.
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