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SUMMARY

Background: Air quality in operating theatres (OTs) is crucial for preventing surgical site
infections (SSls). HVAC systems should ensure high air quality, minimizing microbial con-
tamination. Recently, the effectiveness of downflow ultraclean air (UCA) systems in
preventing SSls has been debated.
Aim: To analyse the correlation between OT HVAC systems and SSI incidence using data
from 12 hospitals in the Marche Region (2018—2019).
Methods: The data were correlated with the incidence of SSlIs following 899 surgical
procedures. Logistic regression analysis showed that UCA systems were associated with a
reduced risk of SSI (odds ratio: 0.37; 95% confidence interval (Cl): 0.15—0.92).
Findings: Thirty-eight SSIs were observed, yielding a total incidence of 4.2% (95% Cl:
3.0-5.8). Of these, 29 occurred under non-UCA systems (5.17%; 95% Cl: 3.5—7.4), and nine
occurred in UCA environments (2.66%; 95% Cl: 1.2—5.0). Technical data were collected
from validation tests in each OT, focusing on UCA HVAC systems with unidirectional airflow
meeting I1SO 5 class standards.
Conclusion: These data suggest the potential effectiveness of UCA in reducing microbial
air contamination, thus improving air quality and decreasing the risk of SSIs compared to
non-UCA ventilation systems.
© 2025 The Author(s). Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Surgical site infections (SSIs) refer to infections that are
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additional surgical procedures, may require intensive care, and
result in higher attributable morbidity and mortality [1].

Operating theatres (OTs) are particularly complex systems in
which multiple risk factors facilitate the occurrence of SSls. These
include the behaviour of the surgical team, the health of the
patient, the type of surgical procedure, and the quality of the air
and ventilation system. Several studies have shown that air can
facilitate the transmission of pathogens, and it is considered a
major cause of SSIs [2—7]. Debate on this topic continues since
there is a general lack of understanding of how airborne microbial
populations pose a significant risk to patients undergoing specific
surgery scenario, such as device implant surgery [8].

Despite this, operating theatres are equipped with heating,
ventilation and air conditioning (HVAC) systems, aimed at
minimizing airborne contamination through high air-exchange
rates and high-efficiency particulate air (HEPA) filtration.

Two main strategies are used for OT air conditioning: mixing
ventilation airflow (MAF) and unidirectional airflow, also known
as downflow ultraclean air (UCA).

MAF systems mix contaminated room air with clean air
supplied by terminal diffusers, while UCA systems direct clean
air downwards through a filter ceiling above the operating
field, at least 3x3 m? in size, supplying filtered air directly to
the surgical area. Both systems use HEPA filters (H13 or H14),
compliant with the EN 1822 standard. The question of which
of the two systems is the most effective in reducing the
incidence of SSlIs has been a matter of controversy and con-
tradiction for many years; a 2017 meta-analysis concluded
that there was no benefit for laminar airflow compared with
conventional turbulent ventilation of the operating room in
reducing the risk of SSls in specific surgery scenarios such as
total hip and knee arthroplasties, and abdominal surgery
[9—11]. However, the largest dataset used in this study, the
Norwegian registry data, was subsequently shown to be
inaccurate as the ventilation systems were not checked. A
subsequent data analysis demonstrated that infection rates
were lower in UCA systems [12].

One of the reasons for these contradictory results may be an
incorrect classification of what is intended by UCA. Some
inaccuracies in data collection regarding environmental vari-
ables may have led to a confused classification of proper UCA
surgical rooms versus non-UCA surgical rooms. This aspect
could have biased the results. Conclusions based on national
registries and epidemiological studies should not be inter-
preted without considering some inaccuracy of the data [13].
One of the weaknesses of these studies concerns the classi-
fication of ventilation systems into MAF and UCA:

— UCA can mean quite different techniques in different
countries (e.g. USA vs European Union (EU)), so the results
of studies that do not take this into account may not be
comparable.

— The size of the UCA ceiling in many studies is not specified
or is too small compared to the relevant technical
requirements. Frequently, OTs are classified as UCA with a
filter ceiling smaller than 3x3 m? or with insufficient air
flow to ensure unidirectional flow under operating con-
ditions. Romano et al. demonstrate that this type of filter
ceiling has lower performance than adequately sized ceil-
ings with high flowrates [14]. This type of OT does not fit
the ISO 5 cleanliness level.

However, even more recent studies have not yet demon-
strated a correlation between the type of ventilation and the
risk of infection [15]. Moreover, other studies, such as that by
Surial et al., suggest that beyond microbial and particle con-
centration, other aspects of airflow dynamics — including flow
directionality and turbulence — may influence the risk of SSI
[16].

Considering the level of total airborne contamination
according to the ISO 14644-1 standard, OTs with UCA systems
achieve a higher air cleanliness level, such as ISO 5 or less,
compared to rooms with MAF systems, which reach at most I1SO
6 class [4].

Also, when considering airborne microbial contamination,
several studies show that UCAs appear to have better per-
formances than MAFs in terms of the number of colony-forming
units (cfu) [14,17].

However, several clinical registry studies carried out in
recent years have suggested that the risk of SSI after surgery
with UCA systems is the same as or even higher than with MAF
[18,19]. This lack of scientific evidence led the World Health
Organization (WHO) in 2018 to issue a conditional recom-
mendation against the use of UCA to reduce the risk of SSI for
patients undergoing some orthopaedic surgeries [20]. However,
the WHO relied principally on the registry data, and other
regulatory authorities, such as the National Institute for Health
and Care Excellence (NICE) in the UK and the Deutsche
Gesellschaft fur Krankenhaushygiene e.V (DGKH) in Germany,
recommend the use of UCA systems [13,21].

The present regional, multicentre observational study
investigates whether the use of UCA ventilation systems in OT is
associated with a lower incidence of SSIs compared to non-UCA
systems. To this end, we analysed a cohort of 899 surgical
procedures performed in 12 hospitals using a standardized data
collection protocol. The association between ventilation sys-
tem type and SSI occurrence was assessed through multi-
variable logistic regression, adjusting for relevant clinical and
procedural confounders. This study aims to contribute real-
world evidence to a longstanding and unresolved debate in
surgical infection prevention.

Methods

The present historical cohort study is based on data col-
lected in 2018 and 2019 from 12 hospitals in the Marche Region.

Population sample

Data were collected on 899 surgical procedures of patients
from November 29", 2017 to September 25", 2019 across 12
hospitals in the Marche Region. For each record, we collected
several variables including patient’s age, surgery duration in
minutes, type of surgery (laparoscopic/not laparoscopic), ASA
(American Society of Anesthesiologists) class (1—5), con-
tamination class (clean, clean-contaminated, contaminated,
dirty, not known), presence of sSSI (yes/no), type of air flow
(non-UCA vs UCA). The prospective surveillance of SSI followed
the European Centre for Disease Prevention and Control (ECDC)
methodology [22]. All procedures were grouped into seven
major surgical groups based on the textual content of the
surgical procedure description field: implant-related ortho-
paedic surgery, minor orthopaedic/trauma, abdominal surgery,
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general soft-tissue surgery, gyneco-urology, head/thorax/ENT,
and neurosurgery.

Personnel involved in the study used a standardized meth-
odology and a questionnaire designed to collect data following
an educational session. The questionnaire included sections on
demographic characteristics including patient’s national iden-
tity code, sex, and age; dates of admission and discharge;
outcome (i.e. discharge, transfer, or death); surgical inter-
vention, specified according to the ICD-9-CM code; surgery
date, duration, and urgency (i.e. elective or urgent); use of
endoscopy; wound contamination class; and American Society
of Anesthesiologists score. The infection section included
details on the onset date and anatomic site (i.e. superficial
incisional, deep incisional, or organ/space). Post-discharge
surveillance of SSIs was conducted by the referring surgeons
through two complementary methods: either via direct
inspection of the surgical wound during scheduled outpatient
follow-up visits, or through telephone contact at 30 days post
operation. In both instances, the final diagnosis of SSI was made
by the surgeon in charge of the patient’s post-discharge care,
based on clinical evaluation. This approach ensured a con-
sistent methodology across all participating centres and mini-
mized potential variability associated with self-reported
symptoms. All data collectors were healthcare professionals
(infection control practitioners or designated hospital staff)
who received specific training in the use of the standardized
surveillance form, based on ECDC protocols. An initial educa-
tional session was held at the regional level to ensure con-
sistent data collection practices across all sites. Regular
communication and centralized oversight were provided
throughout the study to ensure data completeness and uniform
interpretation of variables. The use of a standardized form and
centralized coordination contributed to ensuring the validity
and reliability of the collected data.

Operating room characteristics and ultraclean air
definition

This study included 65 OT. Technical data on contamination
control performance were obtained from validation tests rou-
tinely conducted in each OT according to the Italian INAIL
guidelines [23]. To classify a room as UCA, ceiling size, airflow

state, and performance were assessed in terms of particulate
and microbiological airborne contamination. It was hypothe-
sized that non-UCA rooms are an independent risk factor for
SSI, whereas UCA systems have a preventive effect, resulting in
a lower incidence of wound infection. The parameters used to
assess OT performance are described in Table |, while Table Il
specifies the criteria applied to classify OTs as UCA or non-UCA.

Among the 65 OTs, 21 are supplied with a UCA ventilation
system, 42 with a mixed airflow (MAF) system, and two OTs with
filter ceiling smaller than 3x3 m? that do not meet the
requirements summarized in Table Il are classified as non-UCA
rooms.

Airborne particle contamination

The concentration of airborne particles of diameter
>0.5 um is measured using an optical particle counter (Climet
450t, Climet, Redlands, CA, USA; Rigel, Instambul, Turkey;
suction rate 50 L/min). The method is described in EN 14644-3
and enables determination of the ISO cleanliness level of the
operating room [24]. Results are expressed in number of par-
ticles/m?>. Table | shows the average value for UCA system to be
191.26 counts/m?*, corresponding to an 1SO 4 class, while the
average value for non-UCA systems is 26,057.18 counts/m?,
corresponding to an ISO 6 class.

Recovery time

Recovery time is a parameter suggesting the ability of the
ventilation system to remove suspended particles from the air.
Evaluating the recovery performance after a particle gen-
eration event represents a test of the efficiency and effec-
tiveness of the system. For each OT, the 100:1 recovery time,
defined as the time required to reduce the initial concentration
by a factor of 100, is determined. The recovery test is per-
formed in at-rest condition as described in ISO 14644-3 [24]:
the room is contaminated with aerosol, and the particle con-
centration is measured over time by means of the optical
particle counter (Climet 450t; suction rate 50 L/min).

The particle decay curve is evaluated at the centre of the
room, in the position of the operating table. In the case of OTs
served by mixing airflow systems, the recovery time is

Table |
Main technical parameters indicating airborne contamination of the ultraclean air (UCA) and non-UCA operating theatres considered in the
study
Ventilation type Downflow UCA Non-downflow non-UCA P-value
No. of operating rooms 21 44
Airborne particle concentration (no. of particles <0.5 pm/m?) in at-rest condition
Mean 191.26 26,057.18 <0.05
SD 436.08 35,383.04
Recovery time (min)
Mean 1.38 22.24 <0.05
SD 0.68 12.73
Viable particle concentration (cfu/m?) in at-rest condition
Mean 2.1 9.04 <0.05
SD 3.75 11.39
Viable particle concentration (cfu/m?) in operational condition
Mean 6.52 40.63 <0.05
SD 5.89 36.69
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Table Il
Classification criteria for ultraclean air (UCA) operating theatres
Parameter UCA References
requirement
Ceiling size >9m?  Italian ISPESL
guideline; UNI 11425
ISO 14644 class (particle <ISO5 Italian ISPESL

size >0.5 pm/m?>) in
at-rest condition

Recovery time (min) in <10
at-rest condition

Viable particle concentration (cfu/m?)
At-rest condition <10
Operational condition <20

guideline; UNI 11425

Historical data

Historical data
Italian ISPESL guideline

generally representative of the entire room; whereas in the
case of the OTs served by UCA systems, the recovery time is
representative only of the measurement point (surgical area
under the unidirectional air flow).

Table | shows that the recovery time of a UCA room is typ-
ically <2 min, compared to an average recovery time of
>20 min for a non-UCA room.

Microbial air contamination

For each OT, viable particle contamination is evaluated
through active sampling to measure the concentration of
micro-organisms in the air. A surface air sampling (SAS Super
100, PBI International, Houston, TX, USA; suction rate 100 L/
min) is used for active sampling while the microbial load was
evaluated using 24 cm? RODAC plates containing plate count
agar. Results are expressed as cfu/m?3.

Microbial contamination is evaluated both at rest and in
operation during surgical activity, in the following way: (i) at
rest: 600 L air sampling is taken in the middle of the room, in
the position of the operating table; (ii) in operation: air sam-
pling is taken after the surgical incision, then repeated every
5—10 min depending on the surgery time duration, for a total of
1000—1400 L of air sampled.

The variable is expressed as viable particle concentration in
at-rest/operational condition (cfu/m?).

General airborne particle concentration was also measured
in at-rest condition (no. of particles <0.5 pm/m?) and recovery
time in minutes intended as the time required for the air in the
room to be completely renewed and for contaminants such as
aerosols, particles, or micro-organisms to be removed.

Statistical analysis

Patient sample characteristics were grouped according to the
type of airflow used during the surgical procedure (UCA/non-
UCA). Differences among the various characteristics were
explored using the Mann—Whitney test for continuous variables
due to the non-normal distribution of the data, and the y>-test
for categorical variables, as appropriate. To investigate the
possible association between the exposure to UCA and the risk of
SSI, logistic regression was performed. The model was adjusted
for the following variables: wound contamination class (clean,
clean-contaminated, contaminated, dirty, not known), laparo-
scopic surgery (yes/no), ASA class (1-5), age class (20—54,
55—70, 71—80, >80 years), sex, and whether the duration of

surgery exceeded the 75" percentile (yes/no), according to the
ECDC method. Covariates were selected for multivariable
logistic regression based on the results of bivariate analyses (P <
0.10), supplemented by clinical and epidemiological reasoning.

In this cohort study, odds ratios (ORs) were used to assess
the relationship between specific variables, such as the type
of HVAC system, surgical procedure, and patient character-
istics, and the occurrence of SSls, as logistic regression is
ideal for binary outcomes such as SSls. Due to the low inci-
dence of SSIs in both UCA and non-UCA environments, 2.66%
in UCA and 5.17% in non-UCA, the OR is an effective measure.
With low incidence, the OR closely approximates the RR,
making it appropriate for evaluating the effect of UCA sys-
tems on reducing SSls. The OR allows a clear comparison of
the likelihood of SSIs between the two environments, with a
lower OR in the UCA group indicating a reduced risk. This
approach also accounts for confounding factors such as sur-
gery type, patient characteristics, and comorbidities, pro-
viding insights into the effectiveness of UCA environments in
minimizing SSI risk. Logistic regression is widely adopted in
studies examining SSI risk and the impact of ventilation sys-
tems in operating rooms, including recent investigations in
cardiac surgery, orthopaedic trauma and arthroplasty, and
vascular surgery [15,25,26].

Air data for the operational rooms showed a non-normal
distribution. Consequently, the Mann—Whitney U-test was
employed to evaluate differences between the UCA and
non-UCA groups for the following variables: mean airborne
particle concentration (>0.5 pum/m?3) at rest, recovery time in
the patient area (minutes), viable airborne microbial
contamination (cfu/m?) in operational conditions, and viable
airborne microbial contamination (cfu/m?3) at rest.

For all analyses, the level of significance was set at P < 0.05.

All analyses were performed using Stata/SE version 15.1
(StataCorp LLC, College Station, TX, USA).

Results

The difference between UCA and non-UCA OTs is shown in
Table I: microbial contamination of UCA rooms is more than
four times lower at rest and more than six times lower in
operation compared to non-UCA rooms.

Table | presents air quality and recovery times results for
two types of surgical environments: 21 UCA OTs and 44 non-UCA
OTs. The results show that UCA rooms have significantly lower
airborne particle concentration (<0.5 pm/m?) in at-rest con-
ditions (191.26 vs 26,057.18 particles/m?* in non-UCA rooms, P
< 0.05).

UCA rooms also have a significantly shorter recovery time
(1.38 vs 22.24 min in non-UCA rooms, P < 0.05). In addition,
UCA rooms show lower viable particle concentrations (cfu/m?3)
both in at-rest (2.11 vs 9.04 cfu/m? in non-UCA rooms, P < 0.05)
and in operational conditions (6.52 vs 40.63 cfu/m? in non-UCA
rooms, P < 0.05). These results indicate that UCA systems
reduce airborne particles and microbiological contamination
both in at-rest conditions and operational conditions.

Table Il shows the criteria we used to classify operating
theatres as UCA or non-UCA. There are no requirements for
UCA systems in the Italian regulations for recovery time and
airborne contamination in at-rest conditions, so we based our
analysis on historical data [22].
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Table IlI
Distribution of our sample characteristic grouped by type of air flow during surgery
Characteristic Non-UCA UCA P-value
N = 561 N =338
Age (years), mean (SD) 69.3 (17.6) 60.8 (18.5) <0.05
Surgery duration (min), mean (SD) 107.4 (76.5) 137.9 (113.7) <0.05
Laparoscopic <0.05
Yes 75 (13.37%) 23 (6.8%)
No 454 (80.93%) 313 (92.6%)
Not applicable 13 (2.32%) 1 (0.3%)
Not reported 19 (3.39%) 1 (0.3%)
ASA class <0.05
1 75 (13.37%) 82 (24.26%)
2 251 (44.74%) 158 (46.75%)
3 191 (34.05%) 84 (24.85%)
4 21 (3.74%) 3 (0.89%)
5 0 1 (0.3%)
Not reported 23 (4.1%) 10 (2.96%)
Contamination class <0.05
Clean 318 (56.68%) 73 (21.6%)
Clean-contaminated 137 (24.42%) 202 (59.76%)
Contaminated 61 (10.87%) 25 (7.4%)
Dirty 37 (6.6%) 35 (10.36%)
Not known 8 (1.43%) 3 (0.89%)
Percentile >75%" <0.05
Yes 171 (31.15%) 150 (45.59%)
No 378 (68.85%) 179 (54.41%)
Surgical site infection 0.07
Yes 29 (5.17%) 9 (2.66%)
No 532 (94.83%) 329 (97.34%)
Sex <0.05
Male 317 (66.04%) 163 (33.96%)
Female 237 (57.52%) 175 (42.48%)

UCA, ultraclean air; ASA, American Society of Anesthesiologists.

Table Il shows patient characteristics grouped by the type
of air flow (non-UCA vs UCA) used during surgery. Patients in
the non-UCA system were older (mean age: 69.31 years)
compared to those in the UCA group (mean age: 60.79 years, P
< 0.05). The average surgery duration was shorter in the non-
UCA group (107.41 min) compared to those in the UCA group
(137.88 min, P < 0.05). Gender distribution differed sig-
nificantly, with more females in the non-UCA group (56.61%)
and more males in the UCA group (51.78%, P < 0.05). Lapa-
roscopic surgery was less common in the UCA group (6.8% vs
13.37%, P < 0.05). The UCA group had a higher proportion of
patients in ASA classes 1 and 2 (24.26% and 46.75%, respec-
tively) compared to the non-UCA group (13.37% and 44.74%,
respectively). The contamination class data showed a higher
percentage of ‘clean-contaminated’ procedures in the UCA
group (59.76%) compared to the non-UCA group (24.42%), and
56.68% of procedures in the non-UCA group were ‘clean’
compared to 21.6% in the UCA group. The UCA group had a
higher percentage of patients with surgery durations above
the 75" percentile (45.59% vs 31.15%, P < 0.05). Finally, the
SSI rate was lower in the UCA group (2.66% vs 5.17%) but did
not show statistical significance.

Surgical procedures were grouped into seven major
categories to explore potential differences in infection risk
across clinical contexts (Table IV). Among the 899 procedures
analysed, infection rates varied by group: 7.61% in general/

soft-tissue surgery, 5.77% in abdominal surgery, 5.56%
in neurosurgery, 3.55% in minor orthopaedic and trauma
procedures, 2.56% in gynaecological and urological surgery,
2.08% in implant-related orthopaedic surgery, and 1.92% in
head/neck/thoracic/ENT surgery. However, no statistically
significant difference in infection rates was observed between
groups (P = 0.245).

Table V presents the results of the multivariate logistic
regression analysis. UCA is significantly associated with a lower
likelihood of infection (OR: 0.37; 95% Cl: 0.15—0.92; P = 0.03).
The third contamination class (contaminated) shows a higher
likelihood of infection compared to the clean class (4.47;
1.51—13.18; P = 0.01). Laparoscopic surgery is associated with
a reduced likelihood of infection (0.11; 0.01—0.86; P = 0.04).
ASA class 3 increases the likelihood of infection (9.64;
1.80—51.56; P = 0.01), also if the surgical operation time is
above the 75" percentile (4.05; 1.85—8.86; P = 0.01).

Discussion

The results of this study show a possible association
between the type of HVAC system of the operating theatre and
the development of SSIs. In particular, the presence of laminar
flow is a protective factor for the risk of infection (OR: 0.37;
95% Cl: 0.15—0.92; P = 0.03). This means that the presence of
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Table IV
Infections are stratified by surgical procedure
Surgical procedures Infection Total P-value
No Yes
Abdominal surgery 245 (94.23%) 15 (5.77%) 260 0.245
General/soft-tissue surgery 85 (92.39%) 7 (7.61%) 92
Gynaecological and urological surgery 152 (97.44%) 4 (2.56%) 156
Neurosurgery 51 (94.44%) 3 (5.56%) 54
Implant-related orthopaedic surgery 141 (97.92%) 3 (2.08%) 144
Orthopaedic and minor trauma procedures 136 (96.45%) 5 (3.55%) 141
Head—neck/thoracic/ENT surgery 51 (98.08%) 1 (1.92%) 52
Total 861 (95.77%) 38 (4.23%) 899

ENT, ear—nose—throat.

laminar flow reduces the risk of infection by >60%, all other
risk factors being equal. This result agrees with previous
studies that found an increased risk of SSI when surgery was
performed under non-laminar flow conditions [27,28]. It has
been shown that UCA systems are extremely useful for main-
taining sterile conditions in the OT because their microbial
sedimentation plates produce a continuous flow of micro-
organism-free air, improving air quality by reducing the pres-
ence of microbes [7]. Other authors also suggest how this

Table V
Multivariate logistic regression analysis of factors influencing sur-
gical site infections.

Variables OR 95% Cl P-value
UCA

No 1

Yes 0.37 0.15—-0.92 0.03
Wound contamination class

Clean 1

Clean-contaminated 1.5 0.58—3.88 0.40

Contaminated 4.47 1.51-13.18 0.01

Dirty/infected 1.40 0.39-5.00 0.60
Laparoscopic surgery

No 1

Yes 0.11 0.01-0.86 0.04
ASA class

1 1

2 2.81 0.57—13.98 0.21

3 9.64 1.80—51.56 0.01

4 4.16 0.28—60.85 0.30
Surgery time over 75" percentile

No 1

Yes 4.05 1.85—8.86 0.00
Age class (years)

2054 1

55—-70 0.49 0.15—1.56 0.24

71-80 0.39 0.12—1.28 0.12

>80 0.38 0.11-1.32 0.13
Sex

F 1

M 1.18 0.56—2.50 0.67

OR, odds ratio; Cl, confidence interval; UCA, ultraclean air; ASA,
American Society of Anesthesiologists.

system can guarantee additional ultraclean space during sur-
gery [29]. James et al. found that UCA theatres reduced micro-
organisms in OT air even though there was no significant
reduction of the rates of infection in joint replacements [30].

Despite this evidence, there is not yet a consensus on the
use of laminar flow since numerous studies have found UCA to
be ineffective at lowering infection rates while others suggest
that installation of UCA is not suitable in operating theatres as
it increases the chance of SSIs and increases the financial
burden at the same time due to its high installation cost
[11,31]. Our results offer an important perspective on the
ongoing debate regarding the role of ultraclean UCA in surgical
settings [32,33]. Consistent with the literature, orthopaedic
procedures involving large implants showed a relatively low
infection rate (2.08%). However, comparable or even higher
rates were observed in non-implant surgeries, such as
abdominal (5.77%) and general soft-tissue procedures (7.61%),
with no statistically significant difference across surgical cat-
egories. These findings align with the study by Stauning et al.,
which documented a 9.5% infection rate in clean and clean-
contaminated elective surgeries without implants in a major
teaching hospital in Ghana [34]. Notably, Stauning et al.
identified a genetic match between airborne bacterial con-
tamination and an SSI isolate, underscoring the potential
relevance of airborne transmission even outside the context of
implant surgery. Although our study did not perform microbial
sampling or sequencing, the observed distribution of infections
supports the hypothesis that air quality may play a protective
role across a broader range of surgical procedures.

In our study, we guaranteed a rigorous classification of
surgical rooms operating under a UCA vs non-UCA by analysing
the OT performance in terms of airborne particle concen-
tration, microbial air contamination, and cleanliness recovery
time. The fact that we carefully classify the types of operating
rooms is a key strength as demonstrated by Langvatn et al.,
who showed that the classification of operating rooms may lead
to faulty analysis [35]. Another strength of the paper is that the
OTs were assessed microbiologically, so they were properly
classified as either ultraclean or as turbulently ventilated.

The robustness of this result is confirmed by adjusting for
several variables that commonly influence the potential
occurrence of SSls, such as age, contamination class, ASA class,
surgery time, and use of laparoscopic surgery [36].

However, we recognize some important limitations in our
study. First, the cohort size is modest and includes a
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heterogeneous mix of procedures not limited to class | (clean)
surgeries. Second, we lacked data on some important con-
founding variables, such as antibiotic prophylaxis. Third, while
post-discharge surveillance was performed by trained surgeons
for up to 30 days, this period may not capture all SSis related to
prosthetic or cardiac surgeries, as shown by previous studies
[37]. Fourth, we did not have microbiological data to differ-
entiate endogenous from exogenous (airborne) sources of
infection. Despite these limitations, we found a statistically
significant association between laminar airflow and reduced SSI
risk. These findings support the potential protective role of LAF
in the OT, although causality cannot be definitively established.

Further studies can be undertaken to investigate the cor-
relation between SSIs and OT performance characteristics,
such as air changes, recovery time, and airborne con-
tamination. This would help predict the risk of infection con-
nected to a specific OT based on its environmental
contamination parameters.

In conclusion, the findings support a potential protective
role of LAF systems of UCA in reducing microbial air con-
tamination, thus improving air quality and decreasing the risk
of SSIs compared to non-UCA ventilation systems.

However, it is important to emphasize that in order to classify
an operating theatre as a true UCA, it is essential to verify its
performance in terms of airborne contamination and recovery
time. Therefore, this result highlights the need to carefully
consider the technical characteristics of the operating theatre,
from design to environmental validation measurements. Based
on these considerations, it is important in this kind of study to
collect the proper and updated documentation of ventilation
systems to properly distinguish between UCA vs non-UCA OTs.

Our study provided a rigorous classification of UCA versus
non-UCA operating rooms, contributing to more robust data.
There is solid evidence that attention to multiple patient- and
procedure-related risk factors leads to a reduction in the risk of
SSls in various clinical settings. Our results should be inter-
preted with caution and do not allow for definitive conclusions
on causality. Future studies should explore additional param-
eters related to surgical techniques used and to the environ-
mental performance of OTs, such as air exchange rates and
aerobiological contamination, to improve the prediction of
surgical infection risk. Although our classification was based on
established microbiological and physical parameters, future
studies may benefit from incorporating ventilation indices that
capture more complex features of air distribution in the
operating room.

Furthermore, while our results support the potential pro-
tective role of LAF systems, we acknowledge that the broader
evidence remains controversial and context-dependent.
Therefore, LAF should be considered part of a comprehensive
bundle of preventive strategies. The correct implementation of
other evidence-based measures — such as timely antibiotic
prophylaxis, aseptic surgical technique, and patient opti-
mization — remains fundamental to reducing SSI risk.
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