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Abstract: The health risk level in operating rooms is correlated to the safety levels of microclimatic
parameters, thermal indices, anesthetic gases and microbiological parameters. The objective of this
study was to estimate the staff and medical service management compliance with the suggestions
resulting from monitoring. Methods: The environmental conditions of 38 different operating rooms
in the Sicily region, Italy, from January 2011 to December 2020 were monitored. The results were com-
pared with specific standards suggested by national and international laws and guidelines. Results:
Almost all microclimatic and microbiological parameters were outside the limits. The monitoring
of the anesthetic gases showed that 5.6% of sevoflurane measurements exceeded the limit values.
Conclusions: Constant environmental monitoring is an essential element for maintaining optimal
living conditions in the working environment. The compliance of staff with guidelines and rules is a
fundamental parameter for achieving this objective.

Keywords: operating rooms; microclimatic monitoring; Sicily region; guidelines

1. Introduction

The volume of surgical procedures is increasing around the world with a daily av-
erage of 235 million interventions. Hence, a data analysis of operating theaters is crucial
for hospital managers to minimize risks [1]. In particular, a performance evaluation of
efficiency, effectiveness and safety are the basis for surgical risk management.

The environmental quality of operating rooms is pivotal to ensure the health of
both workers and patients as well as the productivity of workers [2]. Therefore, optimal
microclimatic and microbiological conditions should be identified and maintained to
guarantee a healthy, safe and comfortable environment. Temperature, humidity, lighting
and ventilation—referred to as microclimatic parameters—may affect the wellness of
workers and patients [3].

Environmental microbiological controls in operating theatres are of great importance
in preventing surgical-site infections. Microbiological risk is influenced by many factors
such as the air system, maintenance, cleaning and disinfection process [4,5].

Microbiological monitoring of the microclimate and careful cleaning of the surfaces
are very important: a poor quality of these parameters determines a negative impact on
the health of patients in terms of the average post-operative hospitalization time as well
as the occurrence and duration of fever (>37.5 ◦C) and microbiological contamination of
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surgical wounds [6–8]. The critical areas are horizontal surfaces because these are the most
exposed to settling/contamination [9]. Compliance with optimal environmental standards
and hand hygiene prevent post-operative infections. Infections from the surgical-site
affect thousands of patients, increasing public spending and post-operative hospitalization
times [10].

It is important to monitor the levels of anesthetic gases in operating rooms, both for
the consequences on operators and for the consequences on the environment, through
appropriate disposal systems and constant monitoring [11]. A continuous exposure to
anesthetic gases can cause damage to the health of exposed people. Their health impact
is shown by neurotoxic, immunosuppressive, hepatotoxic and reproductive effects [12].
The national authority has promulgated several guidelines [13–18] about the monitoring of
microclimatic conditions in operating rooms to prevent injuries and diseases and to improve
working conditions. These are well-structured guidelines, which, if followed closely, lead
to effective and efficient results. However, the guidelines resulting from their application is
not perceived as mandatory and necessary. This may lead to the underestimation of their
importance, showing that stricter regulations are probably needed.

Moreover, the health risk grade in operating theatres is directly related to the security
level offered by the health facilities; for this reason, the adjustment to the national regulatory
plan on health and safety at work is compulsory, with careful attention paid to the health
area. In particular, the risk in operating theatres is closely linked to safety levels, ventilation
systems, operator comfort, operating equipment, personal protective equipment and the
training of healthcare workers [19,20].

This study aims to estimate the compliance of staff and medical service management
with the indications deriving from monitoring actions.

2. Materials and Methods

We analyzed the environmental conditions of 38 different operating rooms weekly
in the Sicily region, Italy, from January 2011 to December 2020. The monitoring in-
cluded the microclimatic parameters (air temperature, relative humidity, air velocity),
air changes/hour, thermal indices (PMV, PPD), anesthetic gases (nitrous oxide, sevoflu-
rane) and microbiologic parameters (mycetes, microbial load at 22 ◦C and 37 ◦C).

For the microclimatic parameters (air temperature, relative humidity, air velocity),
an LSI laser microclimate control unit and a data logger (M-Log) [21] were used according
to the standard ISO 7730 [22] in an “at rest” (state before the use) and “in operation” (during
the surgical activity) operating room.

The microbiological monitoring (mycetes, microbial load of 22 ◦C and 37 ◦C) on the
operating rooms was performed both for air and surface quality checks. The air sampling
was carried out using a Surface Air System (SAS) [23] both for at rest and in operation
conditions according to the standard ISPESL guideline for operating room security [15].
The examined surfaces included the operating plans, scialytic lamps, operating carts and
walls. The method used employed Plate Count Agar (PCA), a non-selective culture medium
composed of agar, tryptone, yeast extract and dextrose with a pH of 7. The plates were
incubated for 72 h at a temperature of 22 ◦C. The plates used for counting the total microbial
load were incubated for 48 h at 37 ◦C. The presence of yeasts and molds was evaluated
using Sabouraud Dextrose Agar (dextrose 40 g/L, peptone 10 g/L, agar 15 g/L added to
chloramphenicol; the pH was 5.6 ± 0.2 at a temperature of 25 ◦C) after an incubation at
22 ◦C for 5 days.

The results of the surface samples were expressed in CFU/cm2 (average colony-
forming units or CFUs per square centimeter) whereas the results of the air samples were
expressed in CFU/m3. The sterilization procedures were carried out according to ISO EN
14937 regulatory laws [24–27].

Regarding the evaluation of the microclimatic parameters, the subjective feeling of
wellbeing does not depend on only one of the related environmental factors (temperature,
humidity, air speed, etc.) but on their combination and interactions. We therefore used the
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Fanger approach according to the ISPESL guideline for operating room security and ISO
7730 [15,22].

The statistical analysis was performed using statistical software SPSS for Windows
(Statistical Package for the Social Sciences, version 21.0; SPSS Inc., Chicago, IL, USA). Out of
limit values and range out of limit values were expressed as absolute frequencies (%) and
min–max, respectively. Both out of limit values and range out of limit values were stratified
by operating theatre status (in operation and at rest). Boxplots and line graphs were used
to describe the continuous variables and the annual trend of unfitting values, respectively.

3. Results

A total of 38 operating theatres (OTs) were monitored from January 2011 to December 2020.
Table 1 shows the number, type and results of the environmental controls in 38

operating theatres of several public hospitals in Sicily, Italy.

Table 1. Number, type and results of the environmental controls in the period 2011–2020 in the
operational theatres of the Sicily region, Italy.

Type of Control Total Controls
n.

Out of Limits
n. (%)

Range Out of Limits
(Min–Max)

Microclimatic Monitoring 434 420 (96.8)
434 66 (19.6) 24.5–27.1 (a)

Air Temperature (◦C) 15.0–19.0 (b)
434 221 (50.9) 60.8–87.9 (a)

Relative Humidity (%) 17.5–39.6 (b)
434 401 (92.4) 0.20–0.25 (a)

Air Velocity (m/s) 0.00–0.04 (b)
PMV 225 48 (20.5) −2.89–1.03

Health Professionals 196 186 (79.5) −3.80–3.76
Patients

PPD 225 50 (21.2) 10.06–98.54
Health Professionals 196 186 (78.8) 10.06–100

Patients
Air Changes/Hour 398 125 (31.4) ** 0–14.0
Anesthetic Gases

Nitrous Oxide (ppm) 233 n.a. n.a.
Sevoflurane (ppm) 233 13 (5.6) ** 2.3–15.3

Limits adopted: air temperature (20–24 ◦C); relative humidity (40–60%); air velocity (0.05–0.15 m/s); PMV (±0.5);
PPD (≤10%); (a) unfit for exceeding the upper limit; (b) unfit for exceeding the lower limit. ** Limits adopted:
≥15 air changes/hour; ** limits adopted: TLV-TWA of 50 ppm for nitrous oxide and a TLV ceiling of 2 ppm for
halogen. n.a. (not applicable).

The microclimatic parameters (n = 434) and from the air changes/hour (398) were
the most frequently controlled parameters, among which we found that almost 1/4 were
out of limits (Table 1; Figure 1). We found values out of limits for upper and lower air
temperature limits (upper limit 24 ◦C vs. 24.84 ◦C; lower air temperature limit 20 ◦C vs.
19.2 ◦C).

Relative humidity (RH) values, as shown in Table 1, had a percentage of unsuitability
for about half of the samples examined. The unsuitable relative humidity median values
found in operating theatres for exceeding the upper and lower limits (60% and 40%) were
67.3 ◦C. Overall, the air velocity (AV) samples examined were unsuitable and the median
value exceeding the lower air speed limit (0.05 m/s) was 0.00 m/s.

The thermal comfort indices (PMV and PPD) had a non-compliance for about 4/5 of
the total for patients and about 1/5 for healthcare workers (Table 1, Figure 1).

Moreover, about 1/3 (125/398) of the total examined air changes/hour did not con-
form to the reference values (Table 1; Figure 1); in particular, the unsuitable OTs had a
number of air-median changes of 9.8.

The percentage trend of the microclimatic parameters, the indices of thermal comfort
and the air changes/hour unfitting values are shown in Figure 2. The slight improvement
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trend could be due both to the reduced controls linked to the pandemic restrictions as well
as to the technical interventions carried out over the years.
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A total of 466 controls of anesthetic gas (N2O and sevoflurane) were carried out
(Table 1). An analysis of the data showed that for the detections of N2O, it was not possible
to assess a non-conformity situation in reference to the TLV-TWA 50 ppm taken as the limit
for OT constructed and/or refurbished after 1989. We observed non-conformity for sevoflu-
rane monitoring in 5.6% (N = 13) of samples compared with the TLV ceiling (2 ppm) [14].
The average concentration was 7.60 ± 1.9 ppm (range out of limit: 2.3–15.3) [28,29].

A small proportion of air microbial load monitoring at 22 ◦C and 37 ◦C, both in
operation and at rest sampling, exceeded the limit values whereas about 1/3 of the samples
concerning mycetes exceeded the limit value both in operation and at rest states (Table 2).
The distribution of mycetes by the state of the operating theatres and the distribution of the
microbial load at 22 ◦C and 37 ◦C in air showed that about 1/10 (31/315 at 22 ◦C and 34/315
at 37 ◦C) of the total data examined did not conform to the reference values (Figure 3).

Table 2 also shows the results of the microbiological sampling on the operating theatre
surfaces (operating table, surgical lamp and operating instrument table). On the surgical
lamp, 461 samples were taken at 22 ◦C and another 464 at a temperature of 37 ◦C, of which
284 were taken in the operating room; 177 samples at 22 ◦C and 180 at 37 ◦C in empty
rooms were also collected.

The results showed that a small percentage of the microbiological samples at 22 ◦C
exceeded the minimum and maximum limits adopted for the operating theatre both in
operation and at rest; the same applied to the microbiological samples at 37 ◦C, which
showed values out of range.

Finally, 35 and 155 samples taken from the surgical instrument table in operation and
at rest, respectively, for microbial load at 37 ◦C exceeded the reference limits (Table 2).
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Table 2. Number, type and results of the microbiological controls of operating theaters in the period 2011–2020.

Type of Control
Total Control

N
Out of Limits

N (%)
Range Out of Limits

(Min–Max)

In Operation At Rest In Operation At Rest In Operation At Rest

Microbial Load 22 ◦C
Air (<35 Ufc/cm3) 315 190 31 (9.7) 12 (6.1) 40–510 40–550
Surfaces (<0.5 Ufc/cm2)
Operating Table 7 4 4 (57.1) 1 (25.0) 1–2 n.a.
Surgical Light 284 177 36 (12.9) 32 (18.1) 1–22 1–16
Surgical Instrument Table 35 155 9 (25.7) 27 (17.5) 1–2 1–42
Microbial Load 37 ◦C
Air (<35 Ufc/cm3) 315 190 34 (10.6) 15 (7.8) 40–500 40–514
Surfaces (<0.5 Ufc/cm2)
Operating Table 7 4 3 (42.9) 0 1–2 n.a.
Surgical Light 284 180 38 (13.4) 40 (22.2) 1–21 1–40
Surgical Instrument Table 35 155 7 (20) 42 (27.1) 1–2 1–33
Micetes (Absent)
Air (<35 Ufc/cm3) 315 190 98 (31.1) 53 (27.3) 1–250 1–110
Surfaces (<0.5 Ufc/cm2)
Operating Table 7 4 0 0 0 0
Surgical Light 286 179 8 (2.8) 15 (8.4) 1–10 1–10
Surgical Instrument Table 35 155 2 (5.7) 11 (7.1) 1–1 1–10

n.a.: not applicable because of zero frequencies.
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4. Discussion

This study shows the importance of correct procedures to be carried out in operat-
ing theatres to maintain high safety standards; it is important and necessary to instruct
the personnel employed in the expected practices (accurate washing of hands, sanitiz-
ing of environments, proper use of DPI) and strict compliance with these procedures.
Both the compliance and continuous training of the entire staff are necessary to reduce
microbiological risk and for the correct maintenance.

This study showed that almost all of the microclimatic results obtained from the
434 examinations performed on the 38 operating rooms were over the limits. In partic-
ular, the air speed was the most frequently altered parameter among all the examined
microclimate parameters. Air flow patterns in the operating theatre are a key parameter
in the microclimatic control of operating rooms [30]. However, this parameter does not
significantly affect the need for air changes; in fact, a low percentage (31.4%) was shown
out of the normal range.

Nevertheless, it is important not to underestimate the values of air speed, as reported
by Tang and Wan’s study performed in Taiwan. The authors reported that the quality of the
environmental air strongly affected the life and yield of the health workers as well as the
patients [31]. A key element of management is the correct functioning and modernization
of air ventilation systems and their periodic maintenance (change of filters, modernization
of the structures, etc.) [32].

The results of the analysis of the anesthetic gases, particularly concerning nitrous
oxide, showed that the values complied with the reference limits found in the literature.
The sevoflurane results showed that 5.6% of the measurements were over the limits. This
aspect should be better investigated through a further analysis on the exposed subjects in
order to detect the metabolites in urine [29,33].

In the overall rating of microclimatic welfare (PMV and PPD) with reference to the op-
erators and to the patients inside the examined operating rooms, a significant difference in
the percentage of comfort to the detriment of the patients was found. Although a tolerance
of 20% in the data of the operator was permitted, a remarkable discomfort concerning the
thermo-hygrometric wellbeing of the patient was found of 79.5% for the PMV and 78.8% for
the PPD; this gap should be minimized, as also pointed out by the literature [19].

Regarding the results of the microbiological analysis concerning the operating rooms,
it was shown that the microbic growth at 22 ◦C (air temperature) was out of the reference
range in 9.7% of the cases of in operation measurements whereas it was out of the limits in
6.1% of the cases with the at rest conditions. At 37 ◦C, there was a slight increase of the
percentages both for in operation (10.6%) and at rest (7.8%).

It was apparent that, during surgical procedures in the operating theatres, the bacterial
contamination was over the limit in all the considered parameters with higher percentages
than in the at rest state. Despite this, the values were included in the range of acceptability.

The analysis of surfaces showed that the microbic growth at 22 ◦C was over the range
for the lamp and the operating cart, both for in operation and at rest.

The mycetes on surfaces showed a worsening trend; in fact, fungi were found both in
the air and on surfaces out of the limits. Specifically, the mycetes exceeded one third of
the samples both at rest (31.1%) and in operation (27.3%). The results of the lamp and cart
were similar or slightly lower.

One of the reasons that could influence and justify the criticalities that emerged from
the results could be the insufficient compliance of the operators with regard to the re-
specting of the guidelines. Between the other necessary goal-interventions (upgraded
internal guidelines, periodic maintenance of the cyber-physical systems (CPS), remote
multi-parameter control), it is also very important to increase the knowledge and compli-
ance of the operators.

CPS represent a good tool for the future management of monitoring decision-making
and analysis. Recent advances in technology have empowered the widespread application
of CPS in Industry 4.0. In this innovative context, Healthy Environment Monitoring 4.0
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can be proposed based on an integrated view of the intranet of hospital data and artificial
intelligence (AI) technology [34]. The implementation of this new concept of technological
monitoring will need a unified architecture to support the integration of different enabling
technologies for operators but may be the best way to correct the management of hospital
operational rooms.

A limit of this study could be the failure to administer a questionnaire to operators to
investigate and assess their actual compliance. Measures would be useful in this respect.

5. Conclusions

This study showed the importance of constant environmental monitoring in operating
rooms, however, the results showed also the poor staff and Medical Service Manage-
ment compliance with the indications resulting from monitoring. The monitoring, in fact,
appeared to be the pivotal instrument in reducing the whole environmental microbial load
through the evaluation of parameters such as the salubrity of the air ventilation system and
correct sanitation procedures. Regarding risk management improvement, the training of
health workers by both practical and theoretical methods remains of primary importance.
This goal should be achieved by providing specific training courses and by maintaining
everyday practices such as correct hand washing, the installation of alarm systems for
the constant monitoring of the environment, the creation of areas exclusively reserved for
operators and the improvement of the risk perception of workers.

The implementation of these measures coupled with CPS will improve the microenvi-
ronmental conditions of workplaces, consequently influencing working performances and
the clinical outcomes of patients with positive effects on both the operators and the users.

New laws and regulations are required to solve this problem.
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