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ABSTRACT

The air-conditioning systems in operating rooms must be able to ensure at the patients at the surgical team a
high level of comfort indoor. There is many factors to consider and analyze in order to prevent the
occurrence of problems such as hypothermia of the patient, the thermal discomfort for the medical team,
and not least, pollution by anesthetic gases. The thermal comfort conditions within the operating rooms can
be obtained by controlling microclimatic parameters such as: temperature, relative humidity and air
velocity. In an environment maintained in the condition of health and thermal comfort are minimized risks
related to the onset of post-operative complications. In this paper we present some studies reported in the
literature on the methods used for environmental monitoring and control of operating rooms and HVAC
systems; they are treated in the methodologies actually used to obtain a hospital environment in conditions
of healthiness and thermal comfort. Are reported the result some simulations, obtained with the use of a
model of the operating room in real scale, in them are analyzed ventilation rates suitable to obtain the
chemical dilution of anesthetic gases and contaminants physical-biological. In the simulations we have
determined the microclimatic parameters (air humidity and temperature) for prevent risks for patients such
as hypothermia, and to ensure the comfort of the surgical team.
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1. INTRODUCTION

Some of the major problems manifested by by patients
undergoing general anesthesia into the operating rooms they
are represented by: hypothermia; chills; increased body
temperature; peripheral vasoconstriction; these problems
generally occur in elderly and in the young persons.

Hypothermia in patients subject to surgery under general or
local anesthesia is related to inhibition of their
thermoregulatory system and the thermal exchanges suffered
inside the operating room.

Several studies [1-16] have shown how a patient during a
surgical intervention surgery of duration greater than one
hour, reaches conditions of hypothermia under the combined
effect of the following factors:

- Anesthesia;

- Exposure to cold drafts;

- Infusion of fluids (including blood) at room temperature;

- Increase in losses of heat towards the external
environment because of the surgical incision which subjects
the internal organs to direct exposure to air.

Hypothermia can cause several complications such as
chills, long time of reactivation, impairment postoperative of
coagulation, possibility of episodes of ischemic heart disease,
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and to lowering the immune system's defenses against
infections of surgical wounds.

To avoid such problems, a study [7] suggests to maintain
the temperature into the operating rooms a values greater than
26 <C, generally calls “rooms warm”.

The values suggested by ISPESL, for the relative air
humidity are: between 40% and 60% and for the air
temperature of 20 <C and 24 <C.

Besides the problems of hypothermia of patients during
surgical procedures, there are several factors that can cause
numerous infections in operating theaters and adjacent places,
among these are:

- Type of surgical operation performed on the patient;

- Introduction of external material;

- Ventilation rate is not appropriate in the surgical area;

- Level of pressurization of the climatization plant;

- Immune status of patients;

- Prophylactic antibiotics and so on.

Many pathogenic infections are generated by the presence
of bacterial flora present on the skin of the patient and
medical personnel.

Possible remedies are:

- Sterilization of masks and gloves with liquid repellents
which do not allow the penetration of bacteria;



- An appropriate information of the medical staff on how to
maintain sterile the operating tools;

- Minimization of the number of people within operating
rooms, so as to avoid inappropriate flows of ventilation.

- Ventilation systems equipped with efficient filters

To obtain this, they must be used filters which guarantee an
absorption between 80% and 95% of the polluting
substances.

Even today there are no general rules that define the limits
of contents of bacteria in the operating rooms, given the high
values of ventilation.

In the European and non-European countries, are
established some guidelines based on their experience in the
workplace

2. MONITORING AND CONTROL OPERATING
ROOMS

The operating rooms in hospitals, surely represent
environments that require special attention from the point of
view of environmental monitoring, as for the microclimate
parameters and microbiological and chemical characteristics
of the air; everything regardless of the type of surgical
operation that is being carried.

The operating theaters are complex environments that
require particular and constant attention and careful
precautions to ensure the safety of the patient and medical
personnel.

In the operating rooms the patients are exposed to dangers
characterized by two main factors [16-22]:

- Chemical risk;

- Biohazard.

The chemical risk is mainly due to the presence of
pollutants in the environment, caused particularly by the
anesthetic gases.

The pathogenic substances in the atmosphere, increase the
biological risk and cause the rise of infectious diseases in
people at risk.

Some studies reported in the literature [16], referred that in
the United States, in 1992 the costs related to the treatment of
infections in surgical environments, reached a cost of 1, 600
million dollars; in Italy this cost has reached 1500 million
euro per year.

The average cost of a surgical infection is estimated
between EUR 3.500-8000.

And this is the reason why in recent years many studies
have mainly involved environmental pollution within the
operating rooms.

This is articulated through monitoring and control
systematic of the microclimate, on the air microbial
determination and measurements of the environmental
concentrations of anesthetic gases.

The difficulty in the choice of microclimate parameters to
maintain inside the operating room, is extremely high, this is
because there is a need to reconcile many different factors
that have the following origins:

- Homeothermy of patients;

- Thermal comfort of the medical team;

- Reduction of the microbiological components of air;

- Diluting the concentration of anesthetic gases in the air

To modern ventilation systems in operating rooms it is
given the task of reducing the phenomena of chemical and
microbiological pollution.
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Unfortunately, the results are often not very satisfactory,
and their operation is not suitable to ensure the minimum
level of comfort for all patients, also because these often have
different needs. In fact, during the surgical intervention a
patient often undergoes violent cooling processes of the body,
caused both by the low thermal resistance of her clothing,
which by low temperatures and high air turbulence in the
vicinity of the operating table.

These conditions of thermal discomfort are favored by the
phenomena of peripheral vasoconstriction, caused by
anesthetics that slow the blood flow velocity on the epithelial
layer, and reduce the heat flux on the upper part of the skin.

During surgery, the team surgical is subject to conditions
of global warming caused by metabolic activity in conditions
of physical stress, the major heat flow radiated by the light
sources, the thermal resistance of the clothing worn, and
especially -caso interventions orthopedic- protections for the
presence of x-ray.

In the literature, the adverse effects on patients are very
well codified; these represented the cause of hypothermic
presented in 30% of patients during surgery or in the next
stage, caused by the combined effects of anesthesia and
indoor climatic conditions.

However, these opposite conditions, including the degree
of discomfort for patients and the medical team, now is not
yet the subject of a systematic study of the phenomena
involved, because this secondary event, is regarded as the
inevitable relationship between the routine activities of an
operating room; so it is a result and because of the absence of
adequate scientific information.

2.1 The control of the states hypothermic

The hypothermic states can be controlled continuously by
monitoring the tnoay, body temperature calculated from the
equation and Brock Zeisberger:

Tbody = O’ 87 + Tskin

)

For the calculation of Tein used in (1), the literature
suggests many formulas: the most reliable seem to be those
proposed by [11] with 7 measurement points in various parts
of the body, compared to the 6 points proposed by [12] and 3
points, proposed by Olesen [13, 14].

Trans and others [15-16] in a recent study on a group of
individuals of different age and sex, have suggested a
correlation between the tympanic temperature and average
temperature Tsin and the blood level of the urinary bladder.

To overcome the unpleasant problem of the homeothermy
of the patient, it is preferred not to act directly on the
regulation of air flows of air conditioning system of the whole
the operating room, it is preferred instead to act directly on
the patient, increasing its body surface temperature,
conveying on it hot air currents or localized using special
mats heated, see Figure 1, and, gimmicks that because of the
phenomena of vasoconstriction, may in certain cases be
unnecessary.

3. METHODS OF INVESTIGATION

From the above it is inevitable and necessary to find
appropriate methods of investigation that allow the study of
the phenomena of interest from various points of view
(physical, chemical, microbiological, clinical and metabolic).



Figure 1. Blanket of heating used for local warming

A multidisciplinary investigation is described in order to
deepen the understanding of the causes of the phenomenon
covered.

Is been artificially reproduced a space to simulate
situations of operating theaters, for investigate experimentally
both on the events of pollution, which on the local
discomfort, also through direct surveys obtained from the
responses of operating rooms that actually exist, where is
possible to analyze the sources of pollutants in reference at
their use.

To this end, the research was divided into the following
phases:

Clearly this suggests at researchers a type of research to get
better understanding of the phenomena, and the pollution
cause of the operating theaters with no-conditions of comfort
for patients and the medical team.

An analysis based on the determination of some general
parameters: the total bacterial and fungal amount, it can
provide valuable information.

For the sampling of microbiological agents contained in
the powders have been used some portable samplers that
aspire air at a constant speed, this after passing through a
metallic tube provided with small holes arrives on a
underlying plate containing a suitable medium for the
cultivation and isolation of microorganisms.

Subsequently the plates are analyzed in the laboratory to
count the number most probable of microorganisms per cubic
meter of sample analyzed.

- Analysis of the HVAC system (system type, features and
performance of its components;

- Position of extraction areas of the exhaust gas, for
analyzing contamination of the powders, coming from the
outside and those due to air recirculation;

- Microbiological testing air and dust into the conduits;

- Qualitative analysis of the filtration system;

- Use of sensors, with any greater precision, to determine
the concentration of anesthetic gases into air of the operating
room;

- Critical analysis of the results to characterize the exact
parameters of correlation between the amount of pollutants,
the ventilation rate necessary to dilute these pollutants and the
type of ventilation system.

The study of microbiological agents is certainly difficult,
because, as is reported in the literature, there is a multitude of
biological pathogens (parasitic fungi, bacteria, viruses...)
who, individually or in conjunction with each other, can
cause the increase in diseases.

The lack of appropriate knowledge of contagion, and
sources of microbiological pollution and their importance,
have determined the use in the air conditioning systems of the

167

operating theaters with high numbers of air changes (by R=15
to 150 vol/h for specific applications), with negative
incidence of the occupants (patients and medical staff).

The ventilation system of an operating room must therefore
be able to maintain an ambient healthy and comfortable for
the medical staff and for the patient, this can be achieved
reducing the risk of contamination through a suitable filtering
of the air and through the use of a particular system of
distribution flow within the chamber.

In the Italian hospitals are largely used air-conditioning
systems with constant flow; however, these systems are not
entirely suitable to dilute the pollutant load in the air of
operating rooms.

A constant flow of the air exchange is imposed by DPR n.
37 of 14.01.97, by value R=15 vol/h, at value R=20 vol/h, for
high induction systems, is sometimes overestimated, as it is
sometimes underestimated. An increase of air volumes up to
R=20 vol/h may cause undesired thermal discomfort of
patient hypothermia and at the health care team.

Not neglecting then the economic problems resulting from
higher energy consumption required by these parts.

A high value of the environmental pollution in an operating
room is caused by significant concentrations of anesthetic
gases, among them nitrous oxide is the most common.

In some studies environmental of operating rooms, the
value of nitrous oxide has been used as an indicator of the
pollution level, along with other halogenated gases present
also in a significant amount.

Many scientific studies have shown that the effects of the
intake of nitrous oxide and halogenated gases in animals and
men may be carcinogenic, nephrotoxic, hepatotoxic,
myelotoxic and able to cause abortions in pregnant subjects.

The workers in conditions of risk exposure to anesthetic
gases is estimated in 50,000 is understandable then the
importance of this issue.

In addition, the conditions that determine the quantity of
anesthetic gas released inside an operating theatre are random
and uncontrollable.

The value of the emission of nitrous oxide and halogenated
gases depends by following factors: the efficiency and the
maintenance of the tools used for anesthesia, the type of
anesthesia (intubated or anesthetized with mask, directly in
operating room, etc.) the habits and behavior of the medical
team. It is difficult to characterize the emissions of an
anesthetic gas, these therefore must to consider as a random
variables.



3.1 The laboratory Certeca

An experimental system was built in the Laboratory of the
University of Ferrara CERTECA [17-20], has been installed a
monitoring system (see Figure 2 and Figure 3), comprising:

- A rehearsal ambient

-An HVAC system (heating,

conditioning)

- A monitoring environmental system

- An environmental control unit

A test chamber (see Figure 3) was designed to recreate in a
large scale a confined environment of variable size between
4.80-7.20m, and a height of 3.30 m.

ventilating, and air

Figure 3. Test chamber with variable dimensions

A modular structure, geometrically and dimensionally
variable, represents the environment; this consists of a series
of panels that can be equipped with supply ducts and
extraction air, connected to ventilation plant.

The operation room present some the panels transparent so
as to observe from the outside and shoot the pictures and
movies

The modular panels, easily removable, allow the
opportunity to experiment with different solutions to air
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climatization by acting in air extraction and by on the number
of air change.

In addition the vents are motorized for control of the air
flows in entrance and into extraction.

This configuration allows you to simulate the possible
configurations of pollution: dust, bacteria, gas pollutants etc.

The ceiling of the operating room has the same
characteristics of modularity of the walls.

The climate parameters: temperature, relative humidity and
atmospheric pressure of the air inside the air conditioning
system they can be controlled as a function of the external
parameters.

To simulate the processes of environmental pollution, the
air capacity of the air conditioning system may be mixed with
a quantity of particle density and the predetermined
concentration.

Consequently, you can vary the flow of ventilation air in
function of the pollutants by dilute in the room.

In previous studies it has been shown that air conditioning
systems with variable flow, are more effective for the
characteristics of dilution of pollutants than systems at flow
constant.

In previous studies it has been shown that air conditioning
systems with variable flow, are more effective for the
characteristics of dilution of pollutants than systems at flow
constant.

With this type of system it is possible investigate on the
type of pollution present in the operating room, with the
exclusion of other possible sources of microbiological.

The characterization of the source is particularly complex
and requires a time comprised between 48 and 72 hours, then
it is preferred the assessment of pollution of the operating
room through the concentration of the particles (ISO 14644).

In the literature there is no correlation between the particle
and the microbiological concentrations, as is being
investigated with this procedure.

From this reason it is necessary to do specific studies in the
laboratory and in operating rooms

Another possible system, independent from the first,
allows in any part of the environment investigated the issue
of another tracer gas.

With the two systems described is possible highlight the
movement air inside the operating room, and identify zone
of stagnant air, and then study the spread of the pollutants
for the different air flows outside.

In particular, one can constantly monitor all
thermodynamic properties, functional and chemical-
physical properties of the air (internal temperature test
environment, outside air temperature, air pressure inside
and outside the test cell, relative humidity of ‘indoor and
outdoor air, the field of air velocity inside the room, the
concentration of pollutant gases, and concentration of the
particles, the air flow in extraction for each grid).

The direction of air flow for each grid are controlled
manually.

The system monitoring and acquisition of data is
constituted by a series of sensors connected to an apparatus
acquisition interfaced with PC.
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Figure 4b. Air speed, in the exit of the vent of ventilation B

With it you can compare the results obtained with the
various procedures of numerical simulation.

A supervisor computer allows editing of any single
parameter of the system through a user interface.

With all the acquired data the control system is able to
automatically vary the configuration of the ventilation
system of the operating room in function to specific
algorithms developed.

With this system it is possible to determine, within the test
chamber, the microclimate you want, and also the levels of
concentration of particles and toxic substances.

So how similarly they determine the conditions of comfort
in the various type of the buildings and assessment of
pollutants in the environmental monitoring [21, 26].

Experimental tests of the system were carried out in the
field for some operating rooms by lItalian Hospitals, where
you have installed a supervision system. In the Figure
4/a/b/c/d they are shown the polar curves of the air speed in
four vents of ventilation, inside in the environment monitored,
in the positions A, B, C, D at height h =1.50m, with air flow
of 18 \Vol/h.
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In the Figure 5a/b/c/d, are shown the graphs three-

dimensional patterns the air speed of the four vents of
ventilation inside in the environment monitored, in the
positions A, B, C, D placed at the height h =2, 75m, with air
flow of 18\ol/h.
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5. CONCLUSIONS

With the use of a model of the operating room in real scale,
can be determined ventilation rates adequate to obtain the
dilution of chemicals, anesthetic gases and contaminants
physical-biological. It is also possible to determine the
climatic parameters (temperature and relative air humidity)
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necessary to avoid the risk of hypothermia of the patient and
to ensure the thermal comfort to the surgical team.

Through a system of variable panels removable we can
experience more solutions to condition the air in the same
room, rearranging the placement of air inlets and extraction
grilles or by changing their number.

A dedicated server allows you to acquire the data and
create a database that allows you to describe in detail the
parameters.

The air conditioning system with flow inlets modulable
air, able control for each of them: the flow rate,
temperature, relative humidity, air velocity, is can ensure
optimum climatic conditions for the patient and for the team
doctor.

Therefore, this type of system is able to determine, inside

the test chamber, the conditions of the desired
microclimatic parameters, in terms thermo hygrometric, and
also determine the level of concentration of the particles or
toxic substances.
The simulations in the test chamber are can determine the
microclimatic parameters (air humidity and temperature) for
prevent risks for patients such as hypothermia, and to
ensure the comfort of the surgical team.
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NOMENCLATURE

Tbody
Tskin
R

body temperature, [ Uegree]
temperature of the skin, [ Uegree]
rates of ventilations, [volumes/h]
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