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Abstract

Background. In the last decades has been recorded, both nationally and internationally, a significant 
increase in disasters with a high number of deaths and injuries involved. The presence at the venue of the 
Advanced Medical Post (AMP) has improved the survival of the affected population. However, these tem-
porary structures, not according to common standards relating to health hospital environments are devoid 
of design guidelines and technologies designed to hygiene and safety.
Methods. Starting from the inquiry into the functioning and the structure of an Advanced Medical Post 
through interviews, questionnaires and joint activities with Italian organizations and structures, a number 
of measures have been established for the improvement of health standards.
Results. Through the survey and questionnaires developed for this purpose it was possible to determine the 
most hygienically critical areas and then several solutions were processed and evaluated (in synergy with 
associations previously interviewed). The most important priorities to satisfy were the hygiene improvement 
to be achieved through the use of specific materials (fabrics antimicrobial ...), the study of the articulation 
inside the operating room and intensive care of AMP (insulation and Zoning filter ...) and the definition of 
more efficient technological systems-plant (ventilation, aeration, lighting ...). Therefore the solution proposed 
involves the use of a new layer fabric for mounting inside of curtains already supplied to the main associations 
and a series of technological devices and installations for limiting the spread of virus-bacteria.
Conclusions. The introduction of this new unit for AMP modules could give a significant contribution to 
achieving high standards of hygiene during health care assistance in critical situations (maxi-emergencies 
and disasters) which, unfortunately, are actually becoming more frequent.

Introduction

In recent years, there were numerous 
and enormous calamities that have led 
major emergencies at international level. 
So it is extremely difficult to determine 
the number of people in danger in the 
world.

The latest statistics compiled by the 
Centre for Research on the Epidemiolo-
gy of Disasters (CRED) at the Catholic 
University of Louvain (Belgium), indicate 
that in 2011 there have been about 332 
natural disasters, 90% related to extreme 
weather events (earthquakes, hurricanes, 
heat waves). The victims were estimated 
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around 244 million and damages were as-
sessed for about 366 billion dollars (1). 

According to the concept of social 
value of environment, disasters and their 
effects should be faced under a multi-
dimensional approach (2). In addition 
to the consequences on ecosystems and 
landscape, the impacts on socio-economic 
activities and public-health are extremely 
important and they cannot be considered 
separately from the first two compo-
nents.

The rapid and organized medical relief 
in these situations appears to be the key 
factor in improving the survival of the 
population, reducing mortality and mor-
bidity. For this reason, in recent years, 
were born (both at national and inter-
national level) many governmental and 
non-governmental associations, aimed at 
providing aid to health, psychologies and 
food to people affected by disasters.

In Italy the institution that intervenes 
in an emergency is the Department of 
Civil Protection, as defined by Law no. 
225/1992 as “National Service” with the 
aim “to protect the integrity of life, pro-
perties, settlements and the environment 
from damage or risk of damage derived 
from natural disasters, catastrophes and 
other events.” (3). It is, therefore, a very 
complex service which is carried out at 
various levels through the modular and 
subsidiary action of cooperating orga-
nizations involved before, during and 
after the events thanks to operational 
coordination of State agencies and pri-
vate individuals. In this context also, the 
medical aid provided during a disaster re-
quires a highly structured organizational 
level that must be coordinated to allow 
collaboration and synergy between the 
various components of national and local 
healthcare assistance (4).

From the health viewpoint, the element 
that seems to improve the management of 
emergency situations is represented by 

the Advanced Medical Post (AMP). The 
AMP is defined as a “functional device 
selection and medical treatment of the 
victims, localized to the outer edges of 
the safety area or in a central area to 
the front of the event” that “can be ei-
ther a structure (tents, containers) or an 
area functionally delegated for the task 
of bringing together victims, concentra-
ting the resources of the first treatment, 
performing triage and organizing the 
medical evacuation of the wounded in 
most suitable hospitals.” (5).

Specifically, on the basis of the tech-
niques used it is possible to distinguish 
three different structures of AMP for 
health care in case of emergency. The 
AMP Level I, that is the smaller health 
care field and equipped to treat about 
10 injured in severity code “yellow” and 
“red”, has an operating range of 12 hours, 
but it is so fast and simple that can be 
transported by lorries and prepared in a 
very short time. The AMP Level II is in-
stead a larger structure than the previous 
one with an operating range of 72 hours 
and equipped to treat 50 patients per day. 
However it requires about 3/4 hours for 
starting and it travels on heavier transport 
vehicles. (6).

In emergency situations can also be 
built-in a Field Hospital, where medical 
facilities are not accessible. This structure 
is set up in 7 days, with at least 10 beds 
for the sickest patients and an operating 
range of at least 15 days. The AMP repre-
sents the first point of care for emergency 
where the wounded passes then be real-
located in a medical facility or in a Field 
Hospital. (7).

The D.M. of 13 February 2001 regula-
ting the internal organization of medical 
aid and defining the functions of AMP, 
makes no reference to the requirements 
that this type of hygienic mobile struc-
tures should possess. Some aspects are 
particularly significant because of these 
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may depend on the outcome of the rescue 
itself. In the international literature, there 
are no researches specifically dedicated 
to the theme of human infections in these 
structures, probably because of the multi-
ple risk factors present in such situations 
and the difficulty to isolate and identify 
a single cause and effect.

However, it is believed that hygienic 
problem is particularly significant (8-9) 
especially in critical areas such as the 
operating room and intensive care. In 
garrisons for emergency without a proper 
technical and management preparation 
it is in fact difficult to pay particular at-
tention to those requirements as the pre-
carious and ever-changing environment 
does not allow an adequate control.

The AMP despite being a temporary 
structure is used for the first emergency 
in the field and the outcome of its work 
may depend on patients’ lives relief. To 
that end an adequate sanitation should 
be ensured to protect both patients and 
operators.

For this reason it is particularly impor-
tant to research and highlight the critical 
elements of a AMP from the hygiene point 
of view by proposing architectural and 
design activities that meet and resolve 
these issues.

Materials and methods

The research is divided in two conse-
cutive steps, the first aimed at identifying 
possible a critical sanitation of an AMP 
and the second aimed at developing tech-
nological and design strategies to limit as 
much as possible the situations of infec-
tion or contamination in AMP.

Initially it was necessary to analyze 
specifically the design, operation and 
organization stages of these structures 
(10-11-12). In particular, since the le-
gislation does not specify the internal 

structure of AMP, it was necessary to 
contact all the different national associa-
tions have used this structure in previous 
emergencies on the Italian territory and 
carry out an investigation by the use of 
post-occupancy evaluation methodology 
on items they use. As a matter of fact, 
ex-post evaluations are useful to report on 
interventions, focusing on their strengths 
and weaknesses (13).

In order to have insights about the 
effects of past design choices and the 
consequent building performance (14), 
has been carried out interviews with heads 
of AREU (Azienda Regionale Emergen-
za Urgenza of the Lombardy Region) of 
ARES (Regional Association for Medical 
Emergency of the Marche Region) and 
the project PIS.A.R.T.E (Pisa Advanced 
Response Team in Emergency of the Re-
gion of Tuscany). To each organization 
involved was administered a specific 
questionnaire, specifically designed and 
aimed at the definition and analysis of 
the Advanced Medical Posts used, how 
they work and how they are used. On the 
basis of this information it was therefore 
possible to identify the areas that might 
be the most critical from the hygiene 
point of view.

In the next phase were drawn up and 
proposed specific solutions for tech-
nological-design to limit the possible 
problems of hygiene. In particular, since 
the structures of AMP are generally tents 
(traditional or pneumatic) the attention 
has focused on the tissues with which they 
are made. The materials currently used 
are characterized by particular innovation 
performance (weight, wear resistance, 
dirt repellency, UV protection, etc..) that 
make them effectively helpful in this 
specific field. However, in recent years, 
technological research has allowed the 
development of new hygienic materials 
with innovative characteristics of barrier 
effect against microorganisms, which 
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prevent the passage and the spread of 
infectious agents from the environment 
external to the patient.

The different textile materials with 
specific hygienic characteristics already 
used in hospitals, have been analyzed 
in order to assess whether and how they 
could be effectively used in a defense 
emergency. It has been also investigated 
the new process of antibacterial protec-
tion applicable to tissues and finally there 
have been two separate proposals for in-
tervention which through specific design 
features (application of a double blind 
internal), material (tissue specific) and 
technology (hooking systems and ventila-
tion) limit the sanitation problems in the 
forms of tents that make up the AMP.

Results

From the literature review and the 
outcome of the analysis of the interviews 
and questionnaires specially prepared and 
administered to Italian organizations with 
endowment of Advanced Medical Devices, 
it has been studied the general organization 
of Advanced Medical Post. The PMA is 
ideally divided into three zones:

- The Triage area which is the area in 
which patients are divided into classes of 
severity (code red, yellow, green, blue, 
black and white) depending on injuries 
and priorities of treatment or evacua-
tion.

- The Treatment area is divided into 
absolute emergencies zones (where 
are carried out interventions in order 
to stabilize the victims and make them 
suitable for transport to other facilities) 
and related emergencies (where are col-
lected the wounded patients to outpatient 
management)

- The Evacuation Area, which is a loca-
tion where patients station for a short time 
before being transferred to the hospital 
assigned by the Operations Centre 118.

The distinction between the areas 
is not necessarily physical but it helps 
rescuers to create within the structure 
a unidirectional flow of patients. As for 
the functions, questionnaires to Italian 
organizations have identified the follow-
ing main areas (Figure 1).

In the same way it was possible to de-
termine that the most critical areas under 
the point of view of hygiene and possible 
contaminations are represented by the 
ICU and the operating room.

Fig. 1 - Functions present in AMP analyzed
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In Europe, recent studies have estimated 
that between 6.3% and 14.8% of surgical 
wound becomes infected, while in Italy the 
rate is slightly lower and equal to about 5% 
(15), probably also due to regulations and 
sanitary Italian trials that are constantly 
trying to improve the performance of well-
being in all hospitals (16, 17, 18).

The possibility of infection following 
an operation determines the need to ad-
minister antibiotics to the patient, compli-
cations and the possible prolongation of 
hospitalization with consequent increase 
of costs or even worse inability to treat 
new patients. In addition, the infection 
can also be transmitted to healthcare pro-
fessionals with serious consequences on 
the efficiency of the service (19). Looking 
at the economic costs and the damages in 
terms of human lives deriving from pos-
sible infections in operating rooms and 
in intensive care units of PMA, was thus 
evident to propose adequate measures to 
limit the spread and growth of bacteria in 
these environments.

With regards to the evaluation of diffe-
rent techniques to ensure the hygiene in the 
forms of intensive care and operating room 
furniture present in the Mobile Emergency 
Garrisons, it emerged therefore the need to 
find an effective application but at the same 
time useful for the existing structures (in-
flatable and not inflatable) already supplied 
by the associations that collaborate with the 
Department of Civil Protection.

The most important requirements to 
satisfy were those of hygiene improvement 
achieved through the use of specific mate-
rials (antimicrobial fabrics...), the study of 
the articulation inside the operating room 
and intensive care of AMP (insulation 
and Zoning filter ...) and the definition of 
technological more efficient systems-plant 
(ventilation, aeration, lighting ...).

Special emphasis was therefore given 
to the choice of materials and fabrics to be 
used in the tents of the AMP, in compliance 

with what expressed by Legislative Decree 
46/97 which states that “any textiles and 
manufacturing processes must be designed 
in such a way as to ensure as much as 
possible and reduce the risk of infection to 
the patient, for the user and for the other 
people” and that their main function is to 
“protect and prevent the microbial transfer 
during surgical interventions and other 
invasive procedures, reducing the spread 
of infectious agents” (20).

It has been evaluated and then proces-
sed (in synergy with these associations 
previously interviewed) two different 
solutions. The first presents the use of 
a specific antibacterial material coupled 
to the base fabric of the tent itself. The 
second, however, involves the use of a 
new fabric layer for mounting inside of 
curtains already supplied to the main 
associations.

It is preferred to opt for the second so-
lution, since, unlike the first hypothesis, 
in this case there is a greater flexibility 
which allows to use the antibacterial layer 
also at a later stage of the mounting of 
the tent and to eventually adapt a generic 
module of Advanced Medical Post on a 
ICU or an operating room.

This design proposal consists in the 
realization of an antibacterial fabric tent 
easily mountable within traditional forms 
of emergency, thanks to the use of specific 
elements to fasteners, allowing to hang 
the fabric to the structural elements of 
the module itself. A further advantage 
in support of the choice made is the fact 
that, in the event of impairment of the 
material, there is the possibility of being 
able to replace it entirely.

Between the antibacterial curtain fa-
bric and the traditional external module 
is created a cavity in which pass the 
technological systems and the equipment 
required for the working of the opera-
ting room and intensive care. The main 
distribution system plant is located in a 
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separate room in order that the operating 
area can be easily visited, maintainable 
and accessible. It is especially important 
not to compromise the health activity or 
cause contamination in the event of failu-
re / replacement or supply (21, 22).

From the main plant distribution sy-
stem start the various ramifications that 
through sealed openings in the antibac-
terial fabric allow the entry of plant and 
medical gases in the most hygienically 
maintained areas. Even the ventilation 
system and air changes would then be so 
controlled and directed (laminar flow) 
ensuring a minor contamination.

In the project proposal prepared and 
submitted to the currently several pro-
duction firms of the basis for the AMP, 
particular importance has been given to 
the choice of material used for the inner 
layer of curtains. The textile fibers used in 
these environments may in fact constitute 
a ground for the development of a micro-
bial flora more or less pathogenic. During 
surgery, the microorganisms are attached 
on the fibrous and proliferate in a biofilm: 
contaminated surfaces can then become an 
agent of transmission of the disease. There 
is also the problem of bio-deterioration that 
is the phenomenon according to which the 
microorganisms can affect the quality of a 
fabric by means of some of their biological 
processes with consequent development of 
bad odors, changes in the physical proper-
ties of the fabric (tensile strength, imperme-
ability), pigmentation or discoloration.

To reduce the effects of these processes, 
the fabrics used in the forms of intensive 
care and operating room must therefore 
have certain ideal characteristics:

- Permanent antibacterial properties: 
do not decrease with normal maintenance 
and over time;

- Ability to rapidly inactivate the bro-
adest spectrum of microorganisms;

- Limited release of particles, vehicles 
of infection;

- Resistance to mechanical stress: 
the products that undergo reduced wear 
ensure that the level of barrier is main-
tained close to that of the new product 
throughout the life cycle;

- Barrier effect: impermeability to 
liquids (23).

The choice then fell on specific anti-
microbial fabrics that create a safe and 
healthy environment. The processes of 
antibacterial protection, applicable to 
curtain fabrics used for the modules of 
intensive care and operating theater, can 
be obtained through the modification of 
the polymer, the activation in the finishing 
phase or the spraying of a photocatalyst 
that determines the formation of a pho-
tocatalytic fabric.

The first two processes provide for 
the incorporation of antibacterial at two 
different points in the textile or in the 
production phase of the fiber and in the 
finishing phase. The photocatalytic fabric, 
instead, is a nanostructured fabric capa-
ble of killing bacteria, viruses and fungi, 
whose operation is based on the principle 
of photocatalysis. The photocatalyst used 
is Titanium Dioxide (TiO2), a substance 
safe and harmless to human health that is 
applied to the fabric by spraying to activa-
te the photocatalytic reaction, which can 
occur even when the multiplication of the 
bacteria is in the active phase (24). The 
combination of this technology with full-
spectrum lamps to fluorescent light (harm-
less to the man’s health) is the basis of the 
system of bactericidal and virucidal.

The results obtained from a study of 
some fungi and bacteria, carried by the 
Next Technology Tecnotessile (25) have 
confirmed that the disinfection by means 
of TiO2 is the most efficient in that it 
allows to reach levels of killing of these 
substances up to 99%. Moreover, the pro-
cess of photocatalytic antibacterial pro-
tection obtained with solution, provides 
the following important features:
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- No contraindications for people;
- Is active 24 hours on 24;
- Costs the same as traditional materials;
- Does not require any maintenance;
- Resistant to washing (also with 

products based on hypochlorite and its 
derivatives);

- Resistant to chemical and physical 
agents;

- Does not affect the appearance of 
the fabric.

For this reason it is considered that the 
benefits, associated with the use of the tissue 
within the AMP, together with the deve-
lopment of the project proposal described 
above, can contribute to raising the standards 
of hygiene in health care situations during 
maxi-emergencies and disasters.

Discussion and conclusions

In recent decades, in the international 
context is felt more and more frequently 
the need to use, in an emergency, tempo-
rary architectural structures that would 
allow proper management of the demand 
for health care for victims of disasters 
and calamities (earthquakes, tsunamis, 
hurricanes, etc.). 

In particular,  the presence of an 
“Advanced Medical Post” (AMP) in the 
immediate vicinity of the site of the disa-
ster appears to significantly improve the 
management of health emergencies.

The functionality and efficiency of such 
structures accompanied by a proper rescue 
organization, help to improve the results 
in terms of mortality and morbidity. It is 
therefore evident invest and seek solutions 
that will improve more and more the bene-
fits and the effectiveness of service. 

The proposed design technology and 
material displayed could be a possible 
solution to improve structures that are cur-
rently used with a few tricks. The proposal 
in fact aimed to synthesize the demands 

and needs of those who make use of these 
structures (patients, volunteers, health 
workers), focusing on four paradigms: 
health, wellness, fitness and equip.

The introduction of this new tech-
nology (currently proposed at several 
production modules for AMP) could 
therefore make a significant contribution 
to achieving high standards of hygiene 
during health care in critical situations 
(maxi-emergencies and disasters) that 
unfortunately are actually occurring more 
and more frequently.

Riassunto

Igiene ed emergenze. Considerazioni e proposte per 
il miglioramento dell’igiene in un Posto Medico 
Avanzato.

Introduzione. Negli ultimi decenni è stato registrato, 
sia a livello nazionale che internazionale, un notevole 
aumento delle catastrofi con elevato numero di vittime 
e feriti coinvolti. La presenza sul luogo dell’evento del 
Posto Medico Avanzato (PMA), ha migliorato la soprav-
vivenza della popolazione colpita. Tuttavia tali strutture 
temporanee, non seguendo le comuni normative relative 
agli ambienti sanitari ospedalieri risultano prive di indi-
cazioni progettuali e tecnologiche finalizzate all’igiene 
ed alla sicurezza.

Metodi. Partendo da un’indagine sul funzionamento 
e sulla struttura di un Posto Medico Avanzato attraverso 
interviste, questionari e azioni di collaborazione con le 
organizzazioni italiane dotate di tali strutture, sono state 
elaborate alcune misure per il miglioramento dei requisiti 
igienico-sanitari.

Risultati. Tramite l’indagine ed i questionari appo-
sitamente elaborati è stato possibile determinare le aree 
igienicamente più critiche e sono state quindi elaborate e 
valutate (in sinergia con le associazioni precedentemente 
interpellate) diverse soluzioni. L’esigenza prioritaria da 
soddisfare è stata quella del miglioramento dell’igiene 
possibile grazie all’utilizzo di specifici materiali (tessuti 
antimicrobici …) allo studio sull’articolazione interna della 
sala operatoria e della terapia intensiva del PMA (isolamen-
to e creazione di zone filtro …) e alla definizione di sistemi 
tecnologici-impiantistici più efficienti (ventilazione, aera-
zione, illuminazione …). La soluzione individuata prevede 
l’utilizzo di un nuovo strato in tessuto da montare all’interno 
delle tende già in dotazione alle principali associazioni ed 
una serie di accorgimenti tecnologici ed impiantistici per 
limitare la diffusione di virus-batteri.
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Conclusioni. Con l’introduzione di questa nuova 
Unita per i moduli di PMA si potrebbe dare un contributo 
significativo per raggiungere elevati standard igienici 
durante l’assistenza sanitaria in situazioni critiche (maxi-
emergenze e catastrofi) che purtroppo sono realtà sempre 
più frequenti.
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