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Foreword

This volume is published with a triple aim: to take a look back over the
advances during the ten years of the Mediterranean Burns Club and
mark its anniversary; to follow up and strengthen the successful twin-
ning of burns as a clinical, individual illness problem and fires as a
societal, disaster management problem; and to look ahead at the per-
spectives of burn care and fire prevention in the fast-approaching new
century.

The occasion also marks the tenth annual presentation of the
prestigious G. Whitaker International Burns Prize, to which the
Mediterranean Burns Club acts as the scientific fulcrum. The award is
now established as the most distinguished recognition in burns science
worldwide, and it is gratifying that the contributions of many of the
renowned recipients will be found in this book.

This is a sequel to The Management of Mass Burn Casualties and Fire
Disasters, which contained the Proceedings of the First International
Conference on Burns and Fire Disasters. The book and the conference
have fully justified the authors’ initial concept that burn specialists, con-
stantly combatting burn disease and promoting rehabilitation of the
victims, especially in mass casualty situations, had for too long
remained separate from that other essential sector, the fire-fighting
authorities and fire prevention systems, whose aim is also the protection
of the individual and the promotion of safety. This long overdue
synergism has now become reality, and the present volume strengthens
this desirable trend.

The Second International Conference on Burns and Fire Disasters and
the resulting papers that will be found in this book again reflect the com-
mitment of the Mediterranean Burns Club and of its collaborators
worldwide to the reduction of fire hazards and the progress of burn
therapy.

M. Masellis, MD
S. W. A. Gunn, MD
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Section I

The burn and
fire problem



1
Management of fire disasters: Doctors
in or patients out?

JOHN A. D. SETTLE
Regional Burns Centre, Wakefield, England

During the past 7 years several fire disasters have occurred in which
there were substantial numbers of burn casualties. I have personal
experience of the medical response in two of these disasters.

On 11 May 1985 a football match was taking place in Bradford,
England. Just before half-time, smoke was seen emerging from beneath
the wooden floor at one end of the stand which contained about 2000
people. The police began to clear the spectators but the fire took hold
and began to spread more quickly than the spectators could escape. As
the fire raged, the intense heat caused radiant burns both to the rescued
and the rescuers. From the first puff of smoke to when the whole of the
stand was engulfed in flame took just 4 minutes. In that time 53 people
were asphyxiated and/or burned to death.

Within a few minutes of the fire, casualties began to arrive at the
nearby general hospital. Sixty-three were admitted to the Plastic Surgery
Department and 11 with major burns were taken to the Regional Burns
Centre some 17 miles away in Wakefield.

In summary then, the Regional Burns Centre was able to deal with the
major burns. Early surgery for the patients admitted in Bradford was
made possible by specialist help from colleagues in Leeds, Manchester
and Newcastle: supra-regional support was provided but a national
response was not needed.

On 1 June 1989 a leak developed in a gas pipeline in the Soviet
Republic of Bashkiria and enveloped the nearby trans-Siberian railway.
The gas exploded as two trains were passing through the area, causing
massive damage to the surrounding countryside and to both trains. The
explosion and fire injured or killed most of the approximately 1300
passengers on the trains. Some 400 were killed in the accident and most
of the survivors had thermal injuries. Triage and transport of casualties
were performed by the military and medical disaster teams from the
nearest hospitals. Patients were initially moved to local hospitals and

3
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then to hospitals in the cities of Ufa, Cheylabinsk and Sverdlovsk where
a total of about 700 patients were admitted, some 160 of whom where
subsequently transferred to Moscow. The medical personnel in all these
centres were augmented by the arrival of colleagues from many parts of
the then Soviet Union. Further international assistance was requested by
the Soviet government on 8 June 1989. The major response was provided
by the USA, which supplied several specialist teams deployed mainly in
Ufa and Moscow. Teams from European countries were also deployed
but my personal knowledge is restricted to the activities of a small
British and Irish team that arrived in Chelyabinsk one week after the
accident.

Some 200 burn patients were being well cared for under the overall
direction of Professor Lifshits. Our team comprised seven surgeons,
three anaesthetists, five burns nurses and a dialysis team of doctor,
nurse and technician. During the week that we stayed in Chelyabinsk,
our contribution was small in comparison with the magnitude of the
problem and the extent of the medical expertise already present.
However, we were able to give support in the form of:

o discussion of difficult cases

o the provision of haemodialysis

o the administration of anaesthetics
e some help with burns surgery.

Not the least of the benefits resulting from our visit has been the
professional relationships and friendships that have continued ever
since.

The burn disaster in Bashkiria was of a completely different mnag-
nitude from that in Bradford. The massive number of casualties required
them to be distributed between a number of specialist centres. These
centres would themselves have been unable to deal effectively with 200
or more burn patients each without the influx of medical personnel from
many parts of the neighbouring republics. International support, in the
form of materials, equipment and personnel, further enhanced the pro-
vision of burn care in these centres. Moreover, it demonstrated that
medical support need not be constrained by national boundaries.

I believe that burn disaster planning should comprise a number of
scenarios to take account of disasters of different sizes. The smaller ones
can be managed at a regional or supra-regional level, as was possible
with the Bradford fire, but a disaster in the UK with say 200 major burn
casualties would require involvement of most of the specialist burn
centres. In burn disaster planning, the aims of management should
be:

1. Triage should be carried out at the hospital nearest to the scene.

2. Definitive treatment should be provided as near as possible to the
disaster consistent with a good standard of care.

3. There should be full utilization of local specialist facilities and
personnel. The definition of ‘local’ will vary according to the
geographic location of the facilities and the size of the disaster.

4
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4. Prior thought should be given to type and size of disaster that
would require the importation of support from other regions or
other nations. Clearly, the size of disaster that should trigger this
response will vary from country to country.

In conclusion, there is no simple answer to the question that I posed in
my title. In some disasters it will be necessary to move doctors in, in
others it will be essential to move patients out and sometimes it will be
advisable to do both.

REFERENCES

Fedorov, V. D. and Alekseev, A. A. (1992). Medical care of mass burn victims: the
Vishnevsky principles and organizaiton in the Ufa disaster. In: The Management of Mass
Burn Casualties and Fire Disasters, M. Masellis and S. W. A. Gunn, eds. Dordrecht, Boston,
London: Kluwer Academic Publishers.

McCollum, S. T. (1992). Lessons from the Dublin 1981 fire catastrophe. In: The Management
of Mass Casualties and Fire Disasters, M. Masellis and S. W. A. Gunn, eds. Dordrecht,
Boston, London: Kluwer Academic Publishers.



2

History and evolution of surgical
treatment of burns

S. TEICH ALASIA

Piedmont Foundation for Burns Study and Research, Traumatological Centre,
Turin, Italy

A description of the evolution of surgical treatment in burns necessarily
involves a description of the entire history of burns treatment. In ancient
times various local treatments were directed at modifying the skin
surface in order to obtain scarring, usually without surgical intervention
but sometimes with loss of blood.

In the oldest document of all, an Egyptian papyrus written in the 16th
century BC (Bryan, 1930), there is no reference to surgical treatment.
However, in the 4th century BC, Hippocrates (Lloyd, 1975) stated that if
wounds could not be healed medically they should be treated with the
knife, and, if that was not sufficient, with fire. Hippocrates recom-
mended that the wound should be cleansed with clean water or wine
and then covered with a pomade made of pig fat, pine resin and
bitumen, heated over fire.

In the 1st century AD, Celsius in his work De Medicina (Scarborough,
1969) advised excision of retracting scars following burns. Nothing is
known however of the sequelae.

In the 14th and 15th century gunpowder began to be used. Military
surgeons treated the consequent burns with heat, generally boiling oil.
Ambrose Paré (Paré, 1582), a 16th century military surgeon, was the first
to say that heat was contraindicated in the treatment of burns. There was
thus a return to the use of cold as an antidote, as already recommended
by Arab physicians in the 10th century (Levey et al., 1966). In the 18th
and 19th century applications of cold and cold water baths became
popular with many physicians, and a Viennese dermatologist, Van
Hebra (Hebra, 1861), constructed a special bath in which the burn victim
was immersed, in warm water however. Many surgeons of the period,
including Earle (1799) Kentish (1817) and Dupuytren (1832) asserted that
cold water and ice were excellent analgesics capable of preventing local
oedema.



EVOLUTION OF SURGICAL TREATMENT OF BURNS

In the early 17th century, in his volume De Combustionibus, Fabricius
Hildanus (Hildanus, 1607), the father of German surgery, distinguished
three degrees of burn:

1. Reddening and skin blisters;
2. Whitening of the skin without carbonization;
3. Formation of eschars and carbonization.

In 1607 Hildanus recommended that phlyctenae should be opened in
order to prevent infection and subsequent deepening of the lesion. He
also discussed how to prevent contractions in the hand, suggesting that
scars should be cut by cross incisions and that the fingers should be
stabilized in the correct position in order to prevent recidivation of
contraction.

Escharotomy was a technique already known to the ancient world - it
was used in the 8th century BC by the Hindu surgeon Sushruta
(Bhishagratna, 1963) but subsequently forgotten for many centuries. The
true era of surgical treatment of burns can be said to have begun with
the introduction of skin grafts by the Swiss surgeon Reverdin (1869) in
the second half of the 19th century. In 1870 Pollock (1871), a London
surgeon, presented to the Clinical Society a series of 16 cases of burn pa-
tients healed with Reverdin grafts.

Reverdin’s method was modified in the following years by Ollier
(1872) and Thiersch (1886), who used thicker grafts, and subsequently by
Wolfe (1875) and Krause (1893), who used full-thickness skin for the
repair of substance loss of limited extent, as for example in the case of
eyelid lesions.

True escharectomy was not known until the end of the 19th century.
In 1891 Lustgarten for the first time suggested excision of the burned
tissue, and 10 years later Wilms (1901) discussed escharectomy and suc-
cessive coverage of bloody areas by means of skin grafts. A few years
later Wiedenfeld and Zumbush (1905) recommended the use of excision
in the acute phase, i.e. in the first few days post-burn. This is thus one of
the first references to early excision.

A notable qualitative improvement was achieved by the use of exten-
sive grafts obtained by means of a manual dermatome, described in the
late 1920s by Blair and Brown (1929). The dermatome has also evolved:
Padgett (1929) and Hood introduced the drum dermatome, and
during the second world war Brown (1948) perfected the electric
dermatome, both of which permitted the removal of extensive
dimensions.

In the 1960s Tanner and Vanderput (Tanner et al., 1964) constructed a
dermatome that made it possible to expand grafts of various extent in a
kind of meshwork, with the advantage of saving considerable quantities
of skin and facilitating take.

These mesh grafts have made it possible to expand the skin by as
much as nine times, opening the way to the surgical treatment of more
and more extensive burn areas and saving increasing numbers of
patients.
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In the 1980s the pharmaceutical industry made great strides in the
preparation of increasingly reliable and better tolerated skin substitutes,
and Green et al. (1979) perfected a technique of epithelial culture that
increases the area removed by as much as 10 000 times. This is the most
recent, the most spectacular and possibly the most complex of trends in
the surgical treatment of burns: the scientific world is extremely inter-
ested in the reports of favourable results in the treatment of third-degree
burns affecting > 70% BSA.

Keratinocyte cultures were introduced into Italy by Cancedda
(De Luca et al., 1989) in 1986 and experiments in their use immediately
began at the Turin Burns Centre. This technique, in theory at least,
enables the surgeon to excise and cover any extent of burned skin. Such
a possibility was unimaginable just 15 years ago — now it is a clinical
routine.

Problems still exist, however, as the fragility of this tissue permits
only partial take of the abundant extent of the transplant. Research is
currently in progress to produce cultivated epidermis on more resistant
and more easily manageable dermoequivalent supports. Other clinical
research is being carried out to create an optimal receiving bed using
biomaterials or allogenic dermoepidermal transplants. Important results
are expected in order to respond to the ever more pressing demands of
modern surgery.

I would like however to pause to consider some points not directly
related to surgical therapy but which are important in the planning of
the surgical operation and may influence its results. I am referring in
particular to research carried out at the Piedmont Foundation for Burns
Study and Research into the physiopathology of the recovery of sensitiv-
ity and pathological scarring. Our findings point the way towards new
therapeutic approaches — particularly with regard to the improvement of
burns sequelae — which are likely in the near future to modify the
concepts at the basis of current surgical procedures in acute burns.

In the last few years the surgical treatment of burns sequelae has seen
the rapid introduction of many novel techniques such as skin expansion
and microsurgery, and these procedures must be oriented towards the
recovery of burn patients by all persons responsible for their care. Hence
the interest in the physiopathology of pathological scarring (Stella et al.,
1989) and in the recovery of skin sensitivity (Teich Alasia et al., 1988): the
reconstructed tissues must possess morphofunctional characteristics and
properties analogous to those of healthy skin.

It is my hope and firm conviction that with responsible and construc-
tive research we will be able to perfect our results still further for the
benefit of our patients.
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The maturity of society and
disaster preparedness/prevention

MUNEO OHTA
Osaka Prefectural Senri Critical Care Medical Center, Suita City, Osaka,

Japan

Society at any scale, from the basic unit of a family to the maximum unit
of nation, is evaluated by its level of maturity. The very existence of a
society is also recognized by the level of maturity and its actual per-
formance of this. Accordingly, any human group must act, and follow
its own way in its aim to grow as a society. However, we can at
present identify no fully matured society. The maturity of a
society is usually evaluated synthetically; some are considered
to be matured on their expected merit. However, we should under-
stand these as exceptions which do not represent the general
rule.

Many criteria are applied to measure the maturity of society. At such
an international conference, I would like to devote my attention to
methods of measuring maturity of society, and the relationship between
maturity and disaster preparedness/ prevention.

The scales of measurement can be divided into two groups: physical
and metaphysical. The physical consists of population, property, natural
resources, political condition, economic state, productive capacity,
activity of trade, scientific level, urban structure, human exchange, terri-
torial circumstance, educational system, medical care system, etc. These
are popular and convenient scales for comparison, but are usually
fluctuating, unstable and unreliable.

The metaphysical consists of culture, religion, history, national traits,
intelligence, morality and other ideal factors. These take a long time to
mature, but they are generally stable, conventional and reliable.
Furthermore, I would add love of mankind to this, because any action at
the scene of disaster has to be based on love and suggests a clear
relationship with maturity and disaster preparedness/ prevention.

Suitable disaster preparedness/prevention depends on many factors.
Usually, in the planning stage, physical factors such as economic
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condition predominate: consequently, any plan often stops at the
minimum requirements because the official authorities who take the
final decision fail to see beyond finances. It is possible to apply this
method in a small-scale society, like a family, but not in a large-scale
society, like a nation: if metaphysical factors could be discussed, the plan
would be more effective. This view may be understood and the concept
may also be easily stressed by the fact that investment for reconstruction
far exceeds that for preparedness/ prevention.

The concept of disaster planning cannot be achieved unless meta-
physical factors are considered, and the citizens’ sense of the value of
human lives and dignity are respected. Universally, the sense of value is
rapidly changing from the materialistic; in Japan, medical personnel
have long watched and emphasized metaphysical factors during their
usual emergency medical activities as well as during disasters; a sudden
economic crisis and an aged society, with the relative deterioration in
labour power that will surely come about in the very near future, have
accelerated this change in the past few years. This has also made citi-
zens recognize that preparedness for emergencies/disasters is a far more
reliable investment than money.

Emergency aid for managing disaster should be based upon this,
which is also the basic idea of Japan Disaster Relief (JDR). Although we
cannot neglect variations in the views on disaster preparedness/preven-
tion among nations, the victims of disaster in our universe cannot be
dramatically reduced if many large-scale societies ~ including my own
country — continue to consider only the economic state. The attitude of
valuing lives more than physical factors will be required in the next
century all over the world. Medical personnel must therefore promote
this idea more and more.

These views and facts suggest to us the usefulness of the level of
disaster preparedness/prevention (including the level of the mental
basis) — as the measure of the maturity of society.

This MBC meeting and APCDM (the Asia-Pacific Conference on
Disaster Medicine) give further motivation to this movement for a
humanistic disaster management.
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Forest fires and related accidents in the
social context

VITTORIO LEONE

Faculty of Agriculture, University of Bari

Institute of Sylviculture and Forest Management
70100 Bari, Italy

To introduce my topic in a way consistent with the theme of the confer-
ence, I would like to quote a passage from the book My Life, My Trees by
Richard St. Barbe Baker, standard-bearer of the American conservation-
ists, founder of the Civil Conservation Corps, founder of Men of the
Trees, and supervisor of the reforestation of more than 15 000 000
hectares.

Baker observes: ‘... if a man loses one-third of his skin he dies ... If a
tree loses one-third of its bark it dies. This has been proved scientifically
by botanists and dendrologists. Would it not be reasonable to suggest
that if the earth loses more than a third of its green mantle and tree
cover, it will assuredly die? The water table will sink beyond recall and
life will become impossible.”

Without splitting hairs over the possibility of lethal consequences re-
sulting from extensive burns as cited by the author, his assertion is
linked to the concept of the earth as a whole, living organism (the
hypothesis of Gaia) and to the misdeeds which it, as such, suffers at the
hand of man.

Fires are among the most damaging misfortunes this planet can suffer,
and they are nearly always the work of man. News reports in the past
few years have often cited fires of colossal dimensions.

This is not the place for a detailed discussion of the phenomerion of
fires, since I would like to focus my report on the aspects of the problem
concerning accidents and job-related injuries. I will limit myself to the
observation that authoritative experts at the international level (Velez,
Trabaud, Susmel) agree that 95-98% of fires are caused by man. It is esti-
mated that in 1973, in the entire Mediterranean basin, there were 25 000
fires covering a surface area of 200 000-250 000 ha. Between 1980 and
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1990 fires in the Mediterranean area consumed each year an average of
500 000 ha of forest and pasture, 90% of which was in EEC countries
(France, Greece, Italy, Portugal and Spain). In these same countries in
1990, 55 000 fires, covering nearly 632 000 ha, were registered.

In Italy, the most recent statistics indicate an average of 12 000
episodes per year involving a surface area of approximately 147 000
hectares, of which two-thirds is agricultural land and one-third forest.

The percentage of these fires considered to be voluntary in origin is
today 68.4% compared with 36.39% in 1981 (Leone and Saracino, 1992).

The southern and insular regions, in particular, as well as Liguria,
have suffered an increase in the proportion of fires which are accidental
in origin. (More than 70% of the fires observed fall into this category.)

The gravity of the situation can be summarized as follows: each year
fires burn 0.8% of the forested area in our country and 0.56% of agricul-
tural and forest land, with notable differences between regions. On
average, each day of the year 30 fires are registered, with peaks in the
winter and summer.

The phenomenon is serious, recurring, and increasing at a frightening
rate. It is dangerous because these incidents are caused in two cases out
of three by the voluntary action of persons who choose the moment and
the most favourable conditions to cause the maximum damage.

Statistics, however, may be deceptive with regard to the true gravity
of the phenomenon; in particular, when they record the burning of more
than 92 000 hectares of unforested land, one may have the impression
that these are lands of little importance in environmental terms.

The reality is quite different: included in these statistics are agricul-
tural lands, often carrying crops, as well as territories which constitute
the rural-urban interface, often residential areas with notable concerns
for public safety. It is the rural-urban interface which presents the most
serious problems in the planning of prevention measures and in the
phases of fighting the fires (Leone ef al., 1990).

The gravity of the problem must be dealt with using multiple
methods, which in Italy means interventions by institutional structures,
the first of which would be the foresters, who by law are invested with
this specific duty, and are assisted by urban firefighters and other
groups.

Such structures utilize occasional manpower on a massive scale.
Workers are hired seasonally to form crews for emergency operations
and to provide the necessary surveillance for the territory.

This system is not without its drawbacks. I will consider only the most
serious of these, i.e. the evidence that fires are started intentionally in
order to guarantee oneself work. The phenomenon known as the “fire
industry’ is especially widespread in regions where there is a high inci-
dence of organized crime (Puglia, Campania, Calabria, Sicily; Leone and
Saracino, 1990). This is a serious form of voluntary damage to one’s own
environment, motivated by economic need linked to the generous
salaries paid to firefighters in areas suffering from acute economic
depression and having high levels of unemployment.
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The critical aspect of the fire phenomenon, as far as we are concerned,
is the activity of extinction, in which firefighters are often involved in the
front lines without having had any type of training. In these cases the
only common skill shared by the firefighters seems to be a good famil-
iarity with the management of fire as an agricultural tool presenting
only modest characteristics of danger.

In the case of forest fires the reality is quite different and the fire can
assume characteristics of extreme violence: even with flames of only
1.10 m in height, manual firefighting is impossible, and with average
conditions of climatic adversity flames can easily reach 4-5 m, moving
with unsuspected velocity and releasing energy that can reach
10 000 kcal/m/s.

It has been calculated that 1000 hectares of adult forest affected by fire
release, albeit gradually, 200 x 10° kcal; the bombing of Hiroshima in
1945 released, in an instant, 180 x 10° kcal (Moreira da Silva, 1990).

In general, public opinion holds that large-scale investment in equip-
ment (aeroplanes, helicopters and vehicles), often triumphantly an-
nounced in the mass-media, is a decisive factor in the fight against fires.
In reality this equipment has to operate with personnel on land who
have often been seasonally recruited and have no special preparation or
training. Besides guaranteeing only modest efficiency in the overall or-
ganization, such a situation constitutes a serious factor which increases
the risk of accidents on the job.

Firefighting operations take place in an atmosphere of general agita-
tion, where there is limited visibility, in areas which present difficulty

Figure 1. Firefighting is a dangerous job, mainly when crew members operate without
proper protective equipment (hard hat, goggles, coverall, gloves, leather boots with wool
socks ...)
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due to sloping land or density of vegetation, and during the summer
when the heat at the centre of the fire increases already elevated atmos-
pheric temperatures. Fires frequently occur at night and the use of dan-
gerous, heavy equipment increases the risk of crossing rough terrain at
high speeds in off-road vehicles which are not always driven by experi-
enced drivers.

The very nature of fire, which releases enormous quantities of heat,
causes serious problems: profuse perspiration, dehydration, cramp, heat
stroke and the obvious risks of more or less serious burns and other
traumatic lesions.

One of the primary problems which makes firefighting difficult is
linked to the release of toxic substances in smoke. There is evidence that
74% of fire-related accidents result not from burns but from damage in-
curred by inhaling poisonous substances and gas at elevated tempera-
tures (DFCI, 1985).

Carbon monoxide can cause insidious but lethal forms of acute intoxi-
cation which initially manifest themselves in a reduction in attention
span and psychomotor ability and, therefore, reduced capacity for reac-
tion. In fires of great intensity carbon monoxide is released in quantities
of 10-250 g/kg combustible material and its concentration at the front of
the fire normally ranges from 100 to 200 p.p.m. (Chandler et al., 1983).

Besides carbon monoxide many other irritants and toxicants can be
found in the composition of smoke. When Mediterranean undergrowth
(juniper, rosemary, thyme, etc.) burns, a massive presence of aerosol
substances has been noted. These substances are capable of inducing

Figure 2. With flames over 1 m high and a fireline intensity of 400 to 425 kW /m this fire
is at the limit for direct attack with hand tools
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acute and even lethal intoxication, often with serious symptoms of cuta-
neous sensitization. The substances which are released (monocyclic ter-
penes, pinenes, sesquiterpenes, thymol, paracymene, bicyclic terpenes)
can cause circulatory collapse, digestive and wurinary irritation,
headaches, uncontrollable vomiting and hypothermia (DFCI, 1985).
Examples of chemical components found in smoke, some of which are
carcinogenic, are listed in Table 1 (Ward, 1989).

It is not surprising that in the USA, the job of fighting forest fires is
seen as one of the most dangerous of all occupations, with a death toll of
51/100 000 men per year of work. The accident toll is 6150/100 000 men
per year of work — about six times higher than in firemen in urban areas.

A study of 125 fatal accidents in the USA showed that the majority of
fatalities were the result of carelessness in evaluating the behaviour of
the fire. In 33% of the cases individuals were overtaken by the fire

Table 1. Comparison of emissions of polynuclear aromatic hydrocarbons from four
sources: (1) prescribed fires in logging slash in western Washington and western Oregon
(Ward et al., 1989), (2) pine needle litter fuel of Southeast (McMahon and Tsoukalas, 1978),
(3) fireplace emissions tests with green southern pine wood (DeAngelis et al., 1980), and
(4) woodstove emissions tests with green southern pine wood (DeAngelis et al., 1980).
Carcinogenicity is from National Academy of Sciences (1972) and is coded as follows: “—”
is not carcinogenic; “+” is uncertain or weakly carcinogenic; “+” is carcinogenic;
”++,+++" is strongly carcinogenic

Compound Logging slash Pine needles

Fire-  Wood  Carcino-
Mean S.D. Mean S.D. places stoves genicity
(ug of compound per g of particulate matter

Anthracene/ phenanthrene! 42 +29 185 +72 575 6345 —/-
Methylanthracenes/

methylphenanthrenes? 61 +38 692 3147
Benz(a)anthracene / chrysene® 43 +25 117 2276  +/+
1,2-benzanthracene 17 18 +
Chrysene/ triphenylene 29 £11
Dibenzanthracenes/

dibenzphenanthrenes 4 3
Fluoranthene* 47 +23 51 +29 125 1153 -
Benzofluoranthene 11 +11 133 865
Benzo(ghi)fluoranthene 11 +5 -
Benzo(a)fluoranthene 7 +4
Benzo(b/j/k)fluoranthenes 26 +9 ++/++/-
Pyrene 42 +24 73 +46 133 1153 -
Benzo(a)pyrene® 13 +7 3 +2 +++
Benzo(e)pyrene® 13 +5 6 +3 -
Benzopyrenes/ perylene 117 578
Perylene 3 +2 2 +2
Indenopyrene 13 +14
Indeno(1,2,3-c,d)pyrene N.D. N.D. N.D. +
Anthanthrene/ dibenzopyrene 6 +8 8 1 -
Benzo[ghilperylene’ 15 19 ND. 117 288 -

Reprinted from Ward, 1989.
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Figure 3 (a) Dust and smoke expose firefighters to high concentrations of
poisonous carbon monoxide and other toxic gases

ascending a slope, where fire reaches a particularly high rate of spread
(Chandler et al., 1983).

The seasonal workers who constitute the mass of the available work
force for firefighting in Italy, as in other Mediterranean countries, are
not always selected on the basis of aptitudinal criteria or according to
their physical capabilities; nor are they always young.

According to a study related to the period 1984-89 (Leone and
Saracino, in press), among 6260 seasonal firefighters employed in the
provinces of Puglia the percentage of workers born between 1936 and
1946 fluctuated between a minimum of 39% (province of Brindisi) and a
maximum of 54.9% (province of Taranto). Those born between 1928 and
1935 amounted to 22.13%. One man out of five was therefore > 50. On
average one employee in two was of an age hardly compatible with the
rigorous physical fitness requirements necessary to fight fires and
prevent accidents.

In comparison, in the USA the physical selection of firefighters is
based on the measurement of aerobic capacity, using either the ‘step test’
(this involves stepping up and down from a 40 cm high step
22 times/min for 5 min) or a 2400 m race which must be run in less than
11 min 40 s (Davis, 1979).

The ‘step test” is now becoming standard practice for recruitment of
personnel in Spain, where older individuals are penalized by a point
system in which points are subtracted according to age and weight.

The massive employment of individuals who are not physically se-
lected nor adequately trained and whose ages range between 40 and
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55 years can be found elsewhere, although no analogous studies are
known to have been conducted in other parts of Italy.

A consequence of this situation is the high number of often fatal acci-
dents which occur in the course of firefighting operations. The national
statistics are summarized in Table 2. These statistics show that in the last
3 years there has been an average of one fatal accident for every 20 250
total hectares burned, for every 7500 hectares of forested territory
burned and for every 2100 fires. Major or minor accidents are recorded
every 2100 hectares burned. Compared with the previous period of ob-
servation (1978-81) the mortality rate has remained substantially un-
changed, from one fatal accident for every 2100 fires to one every 2000
fires. It has however improved with respect to the surface area burned.
The accident rate is decidedly worse, by an average of 30%, with respect
to the number of accidents and the surface area burned.

In addition, the ever-increasing number of fires makes it necessary to
have an ever more massive mobilization of heterogeneous forces, thus
multiplying the chances for accidents to occur. Some data may serve to
illustrate the complexity of firefighting activities.

For the extinction of forest fires in 1988, 170 000 operations by person-
nel were necessary, 62% of whom were paid seasonal firefighters and
volunteers; in 1989 there were 127 000 operations (Sardinia excluded), in
which 55% of the personnel were paid seasonal firefighters; and in 1990
there were 215 278 interventions (Sardinia excluded).

Included in the statistics on fatal accidents are accidents to pilots of
aeroplanes which crash during firefighting missions. One must also bear

Figure 3 (b).
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in mind the number of tourists who perished in the flames (20 in 1989)
but who have not been included in the statistics.

The statistics from other countries are similar: in Spain the mortality
rate is one death per 750 fires, per 10 500 hectares of forest burned and
per 24 500 total hectares burned (1970-1986).

In the first 9 months of 1985, a deadly year at the international level,
there were 47 fatal accidents in the Mediterranean countries in the EEC:
19 of the accidents occurred in France and 18 in Portugal. In both cases
firefighters were killed during operations to extinguish forest fires.

The figure of one fatal accident per 15 000 total hectares and per 7000
hectares of forest burned, reported in EEC statistics, partially corrobo-
rates the national statistics. The mortality rate is particularly high, one
death per 600 fires, which suggests an anomalous year.

The frequency of fatal accidents must not make us lose sight of less
serious accidents, which are often linked to failure to use preventive
measures against accidents, in particular failure to wear protective cloth-
ing (helmet, gloves, shoes, fireproof suit, mask) as prescribed by the law
(Presidential Decree 24-04-1955 n. 547), which establishes standards for
the prevention of accidents on the worksite. These standards are system-
atically sidestepped in the formation of firefighting squads at the time of
the extinction of fires and as a result of the frenetic rate of turn-over con-
nected to the methods used for hiring firefighters.

Forest fires clearly constitute a serious problem not only in terms of
the safety of firefighters but also of those who find themselves unexpect-
edly amidst the flames. Many of this latter group are temporary or per-
manent residents, whether in forested areas or wherever there may be
combustible vegetation, since fires break out even in sparsely populated
rural areas.

It should be emphasized that a great number of fires are started inten-
tionally. This often occurs when there are adverse weather conditions
such as high winds and elevated temperatures rendering firefighting
operations more difficult and exposing firefighters to a greater risk of
disabling injuries.

It is therefore an absolute necessity that firefighters should be physi-
cally fit and selected by means of strict aptitudinal tests and that they
begin work only after rigorous theoretical and practical training in order
to improve the efficiency of their service. During the training phase it is
important, considering the statistics relative to accidents at the work-
place, that firefighters become familiar with basic personal security stan-
dards to be adopted in emergency situations. They must also be trained
to work in crews in extreme conditions, e.g. limited visibility, the pres-
ence of smoke and elevated temperatures — all of which increase the risk
of entrapment.

Initiatives to bring about these changes can be adopted only if they are
directed at a stable work force and not a fluctuating group of temporary
workers who are mainly interested in reaching the minimum 51 days
required to receive adequate health benefits and compensation in
Italy.
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The present system for hiring firefighters and forming crews from em-
ployment lists does not guarantee the level of professionalism necessary
to operate with efficiency and security. This unnecessarily exposes
human lives to serious risks, not the least of which is the sudden stress
in temporary firefighters who may have somewhat sedentary activities
during the rest of the year.

In order to face a phenomenon whose connotations are increasingly
more criminal in nature, it is essential to create an efficient professional
organization based on training, operative experience, qualification and
physical fitness and not solely on good will.
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Ethical problems in mass disasters

R. KONIGOVA
Burn Centre, University Hospital, Prague, Czechoslovakia

In 1977 Rudolf Frey conveyed his thoughts on the missions and roles of
the medical profession, which include not only prevention, diagnosis
and treatment of the health problems of individual patients, but also the
management of disasters which strike communities or nations and result
in mass casualties.

In 1988 Peter Baskett and Robin Weller asked ‘What planning might
help alleviate the effects of disasters? What can be done to help after-
wards?’ (Baskett and Weller, 1988). The most basic disaster response
must include methods for determining which victims will receive treat-
ment first and what type of treatment will be given during the various
stages of the disaster.

At the International Symposium on Burns in Padua, Italy, organized
by the late Professor Dogo in September 1980, one session was dedicated
to psychology in association with mass burn disasters. One com-
munication (Kénigovd and Pondélicek, 1981), prepared by the Prague
Burn Centre, discussed the psychological problems encountered in burn
victims. Many of these are not because of their somatic injury but as a
result of mental stress and breakdown. They are prone to so-called
‘blind action’ or to chaotic behaviour. Often they do not realize the
seriousness of their injury or even the danger to their life. This condition
has been defined as ‘trauma agnosis’. It expresses a ‘dead point’ in the
conscience of the victims in a state of general panic, which may be the
cause of the death not only of the injured and burned but also of a great
number of healthy individuals. We resolved to draw attention to the
psychological aspects of the affected population. Bearing in mind the
consideration that without a psychological approach the patients’
selection triage for treatment and transport is inadequate, we address
the first stage of the ethical problems.
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WHO SHOULD RECEIVE HIGHER AND WHO LOWER PRIORITY
IN TRIAGE?

Modern triage is based on the assessment of the patient which is com-
pleted at the accident site, in conjunction with the judgement of the
actual and possible severity and prognosis of the burn victims. In 1988
Howard Champion pointed out the lower priority for patients who will
live without treatment and for those who will die despite treatment
(Champion, 1988).

Over-response to the disaster may deplete valuable resources, while
under-response may increase mortality. Over-response may even result
in increased mortality, by wasting scarce resources on hopeless cases.
Some types of injury, and in particular burns, require continuous use of
operating-room time over a period of days or weeks for dressings and
grafting. Arrangements need to be made to provide not only sufficient
operating-room time but also sufficient numbers of surgeons and
anaesthetists skilled in the management of such cases.

The identification of savable patients — and again, in burns, there are
numerous factors influencing individual outcome — is difficult under
optimal conditions, let alone under the chaotic circumstances created by
a disaster.

"To treat or not to treat” was the topic of Bent Serensen’s ‘Rudy
Hermans Memorial Lecture’ at the 3rd EBA Congress in Prague in 1989
(Serensen, 1989). The title did not express exactly the intention of the
contents, which dealt with the more serious ethical question of ’how to
treat’. More than 200 years ago Samuel Johnson had taught medical
students: ‘It is our duty to serve society ...” However, true service to
society has changed over the centuries and especially during the last
decades with advances in science, along with changes in the law and
societal perceptions. Critical care has established its place in modern
medicine, but in spite of all the accumulated knowledge and recent
innovations the successful treatment of many critically ill patients seems
to be an ever-receding goal. We are confronted with more complicated
syndromes on the one hand and ethical, economic and social
considerations on the other (Crippen, 1992).

Previously inconceivable possibilities have been developed, at a price
which includes not only tremendous financial costs but also the
additional cost of human suffering. We cannot cure all patients, and
many patients are ‘saved’ but remain with severe disabilities that may
cause so-called “social death” (Kdnigova and Pondélicek, 1987). Intensive
therapy is very expensive and therefore its performance should be care-
fully examined even under normal conditions. Under disaster condi-
tions, when not all can live, we have to decide who shall live, knowing
very well that withdrawal of medical treatment is more difficult than
withholding treatment before it has commenced (Sprung, 1990).

Various models for prognostic prediction provide rough estimates of
patient outcome, but they cannot be applied prospectively to a single
patient with any confidence. Several scoring systems seek to measure
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the severity of injury or illness and thus quantify the risk of death. Their
primary use in disaster is to triage patients for treatment and to allocate
resources.

There are statistical reasons why a predictive model may not work
when tested in different populations. Another consideration regards the
misclassification rate and the specificity of the rule. The model should
not incorrectly predict death in patients whose recovery is feasible. The
level of specificity chosen, and who sets it, is a difficult problem. The
balance required to set a reasonable level of specificity is not based
solely on mathematics. It also includes factors such as the wishes and
options of relatives and society to continue to treat such patients despite
the cost, both in human and financial terms (Crippen, 1992).

Prediction rules suffer from criticisms that are not based upon their
design (Krob et al., 1991):

1. They have not been shown to be better than clinical judgement
(APACHE III modification is being developed).

2. There is disagreement on how much computer predictions should
influence clinical judgement, when the use of such rules may lead
to clinical nihilism. If treatment is withdrawn on the basis of a pre-
diction rule, the prediction will almost certainly be fulfilled.

A computer-generated prediction of death is an objective statement
concerning the patient’s inability to overcome the initial insult despite
therapy. Nevertheless, appropriately used prediction rules may repre-
sent an advanced form of audit. They will confirm early decisions about
the relevance of continuing treatment.

The channelling of resources to the most appropriate patients is an
important aspect of clinical management, particularly in mass disasters.

In 1991 Krob et al. enquired: ‘Do trauma scores accurately predict out-
comes for patients with burns?’ (Krob et al., 1991). The scoring systems of
Baux, Edlich and Zawacki place significant emphasis on burn size and the
patient’s age, the two most important factors in determining survival.
Other factors that are considered in the formulae (Baux et al., 1989) are:

e partial pressure of arterial oxygen at the time of admission;
e presence of inhalation injury; and
e history of bronchorespiratory disease.

The short-term outcome is still the most commonly used measure for the
efficacy of treatment, but in disaster triage the long-term outcome must
not be disregarded, this being influenced not only by age but also by
underlying diseases and primary services (medical and /or surgical).

In making triage decisions, apart from age factors, the mechanism of
injury should be considered. There is a tendency to prolong resuscitation
in children, leading to a higher survival rate but also an increased
incidence of sequelae (Miranda, 1990).

Concern over management, cost and efficiency could reduce our
concern for the patient as a person, but interest in the assessment of
quality of life (following ICU treatment) provides a framework for main-

24



ETHICAL PROBLEMS IN MASS DISASTERS

taining the importance of the total patient. Quality of life measurement
requires clinicians to make an effort to determine how the patient was
functioning prior to his injury or illness — information vital for prog-
nosis, but also potentially useful for tailoring treatment to an
individual’s ability to benefit.

In 1989 Reichel and Dyck published their contemplation on euthana-
sia — a contemporary moral quandary. They stressed that the highest
goal of a community is to protect the lives of all its members. The
affirmation of life is not just the concern of a particular religion or
culture but is the basis for the whole human community. What Albert
Schweitzer called a ‘reverence for life’ underlies all our moral principles
and values of civilized society, and is the basis of a professional ethic
that has served humanity well over the past 2000 years. Our role as
physicians should be to maximize the potential for life, even though
death is inevitable. On the other hand, with limited resources in mass
disasters, the patients with end-stage injury or disease should not be
given intensive care, even if the recognition of terminal condition, on
emergency admission, can be very difficult. Permitting death without
intervening (passive euthanasia) avoids unnecessary distress and
expense.

When we no longer heal, our ethical duty is to palliate and comfort. We
can best serve disaster victims by considerate management of fear and
pain. This has been the time-honoured tradition of medicine (Knaus, 1989).

Outcome prediction, cost efficiency and quality of life assessment
have not been taught in medical schools, nor are they emphasized in
residency or postgraduate training. However, they may be among our
most important tools for meeting the challenges of tomorrow.
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Terminology of burns and fire
disasters

S. W. A. GUNN

The Mediterranean Burns Club;
President, World Association for Disaster and Emergency Medicine

All techniques, professions and organized activities generate their own
and specific terminology — and surgery, burn therapy and fire protection
are no exception. Whether an accidental burn, a major thermal injury, a
fire disaster or a natural catastrophe, the response calls for specialized
health care, prolonged surgical intervention, mobilization of community
fire-fighting services, pertinent government departments and even
international assistance, depending on the gravity and magnitude of the
emergency. The many agencies, professions, specialists and individuals,
from different disciplines, different countries, different cultures, and
using different professional languages, converge on the stricken area to
help the victims, who themselves may be of a different language and
background.

Communication among these different people and an understanding
of the technical, operational, administrative and even colloquial ter-
minology of the disciplines involved in the medical management, emer-
gency direction and civil protection become paramount if the inherent
difficulties of the situation are not to be compounded by an overlay of
communications disaster. Even in such an apparently specific problem
as burns and fires, the many actors do not understand one another. If for
a burn surgeon or nurse the terms ‘second degree’, ‘tbsa’ or “acidosis’
may appear quotidian and self-evident, they may not be so clear to a
psychiatrist, let alone the director of the city’s firefighting services. For
the latter ‘fireproof’, ‘fire resistant’ or ‘Class B fire’ are perfectly clear
notions, but does his medical counterpart know the differences? Yet the
surgeon may be dealing with a case of “third-degree burns’ caused by a
‘Class C’ fire reported by the fireman. In more widespread disasters the
situation becomes a Tower of Babel, for here, in what is often a multi-
disciplinary operation, the physician has to understand the meteor-
ologist’s terms, the transport engineer the doctor’s, the nurse the
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journalist’s, the defence minister the interior minister’s, and the stricken
population the language of specialists.

If such understanding is essential at the site of the accident or on the
disaster field, it is becoming equally necessary away from the place of
action, in planning boardrooms, lecture halls, electronic language net-
works, statistical tables, press centres or medical schools, where disaster
preparedness and response are increasingly receiving attention. Indeed
it is heartening that the European Union embarked on the har-
monization of terms in civil protection and the World Association for
Disaster and Emergency Medicine (WADEM) is currently compiling a
standardized vocabulary of terms used in emergency and disaster
medicine.

Following on from my Multilingual Dictionary of Disaster Medicine and
International Relief, adopted by the United Nations and the World Health
Organization as the standard terminology on the matter, I was requested
to prepare The Civil Protection Multilingual Lexicon for the EU, and the
original Dictionary has been translated into Japanese and other
languages. Concrete indications of the need for such instruments or
understanding, and the Food and Agriculture Organization of the
United Nations has issued a Wildland Fire Management Terminology. The
Mediterranean Burns Club is currently compiling the standard
terminology of burns and fire disasters, a needed endeavour.

This chapter gives a small selection of terms to show the scope and
methodology used in the language of burns, fires and disasters.

CONCEPTS

Acceptable risk

The eventual loss and risk that a country or community is willing to
accept rather than provide the necessary resources and finances to
reduce such risk.

Catastrophe theory

A mathematical and philosophical theory to explain and define tran-
sitional continuity whereby a disaster represents a brutal dynamic
change in the forces present in natural, physical or social phenomena.
(-~ Thom)

Disaster
The result of a vast ecological breakdown in the relations between man
and his environment, a serious and sudden event (or slow, as in
drought) on such a scale that the stricken community needs extra-
ordinary efforts to cope with it, often with outside help or international
aid. (- Gunn)

Cf. natural disaster, man-made disaster, technological disaster, toxic-
ological disaster, creeping disaster, fire disaster, environmental disaster,
complex disaster, humanitarian disaster.
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Hazard

The probability of the occurrence of a disaster caused by a natural
phenomenon (earthquake, cyclone), by failure of man-made sources of
energy (nuclear reactor, industrial explosion), or uncontrolled human
activity (overgrazing, heavy traffic, conflicts). Some authors use the term
in a broader sense, including vulnerability, elements at risk, and the
consequences of risk.

Heaqlth
(1) The state of complete physical, mental, and social wellbeing, and
not merely the absence of disease or infirmity. (- WHO)
(2) The state of an individual or a community free from debilitating
conditions, demonstrating a reasonable resistance to diseases, and
living in a salubrious environment.

Risk

The lives lost, persons injured, damage to property, and disruption of
economic activity due to a particular hazard. Risk is the product of
hazard and vulnerability. (- UNDHA)

Vulnerability
The degree of loss from a potentially damaging phenomenon, e.g.
expressed in a scale from zero to 100 per cent. (— UNDRO)

Cf. elements at risk, hazard, natural hazard, risk, risk indicator, risk
map.

SCOPE

Armed Conflict

State of hostilities in which two or more organized armies are at war
against each other. In modern warfare, the attack may be with conven-
tional, chemical, and/ or biological, and / or nuclear weapons, incendiary
weapons.

Burn

Tissue damage caused by heat produced from any thermal agent. Burns
can be classified according to the depth of skin damage - first, second,
third degree burn; according to the extent of body surface (tbsa)
involved — 9%, 18%, 50%; or according to the cause — chemical, electric,
flame, steam, sunlight, nuclear radiation burn.

Burn Disaster

The overall effect on living persons or animals, caused by massive burn
action from a known thermal agent, characterized by a large number of
immediate deaths and burnt patients and a high rate of secondary
mortality and disability. (— Masellis)
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Class of Fire
Fires can be classified according to size, according to the kind of fuel,
whether natural or man-made, domestic or industrial, etc. Four classes
are distinguished according to the kind of fuel and the resulting type of
extinguishing, as follows:

Class A: Fires started from common combustibles, such as paper,
wood, cloth, which require cooling, such as with water, retardants, etc.

Class B: Fires involving combustible or inflammable liquids or gases,
which require air exclusion for extinction.

Class C: Fires caused by electricity.

Class D: Fires due to some combustible metals, such as sodium,
potassium, which are extinguishable by heat absorption.

Combustiology

The science and art of burns management, from prevention, treatment,
to rehabilitation. Term derived from combustion: catching fire; the devel-
opment of heat and light through exothermic chemical reaction of a
combustible material; oxidation of organic tissues.

Disaster Medicine
The study and collaborative application of various health specialties, e.g.
l];»aediatri(:s, epidemiology, communicable diseases, nutrition, public
ealth, emergency surgery, military medicine, community care, social
medicine, international health, to the prevention, immediate response,
humanitarian care and rehabilitation of the health problems arising from
disaster, in cooperation with other non-medical disciplines involved in
disaster management. (— Gunn)

Natural Hazard
The probability of occurrence, within a specific period of time in a given
area, of a potentially damaging natural phenomenon.

Technological Disaster

Man-made disaster due to a sudden or slow breakdown, technical fault,
error, or involuntary or voluntary human act which causes destruction,
death, pollution, and environmental damage.

Thermal Agent Disaster

Disaster causing severe losses in human lives and material goods as a
result of massive heat production. It indicates the relationship between
the cause of the event (massive heat production) and its consequences
on man and the material environment, as a mathematical expression of
the damage caused, i.e. the number of dead and injured and the extent
of material damage. (— Masellis)
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METHODS AND MANAGEMENT

Assessment
Survey of a real or potential disaster to estimate the actual or expected
damages and to make recommendations for preparedness, mitigation
and relief action.

Cf. damage assessment.

Backfire
In fire control, a fire intentionally set along the inner edge of a control
line in order to consume the fuel in the path of a forest fire, or to change
the direction of the fire’s convection column.

In electricity, back-fire denotes the loss of the reverse blocking capacity
of a valve, resulting in the flow of reverse current, and therefore a
potential cause of accident.

Disaster Preparedness

The aggregate of measures to be taken in view of disasters, consisting of
plans and action programmes designed to minimize the loss of life and
damage, to organize and facilitate effective rescue and relief, and to
rehabilitate after disaster. Preparedness requires the necessary legis-
lation and means to cope with disaster or similar emergency situations.
It also is concerned with forecasting and warning, the education and
training of the public, organization, and management ~ including plans,
training of personnel, the stockpiling of supplies, and ensuring the
needed funds and other resources.

Firebug

Colloquial term for pyromaniac. A psychologically unstable and abnor-
mal person with compulsive desire to cause a fire and taking patho-
logical pleasure out of it.

Fireproof

The quality of a structure or object to resist fire either by its own nature
or imparted to it by treatment with retardants so as to reduce the danger
of fire starting or spreading.

Fire Resistant
The quality of a material or device to preserve its properties and func-
tion against exposure to fire under certain conditions.

Flameproof
The property of a material or device not to burst into flames during a
lapse of time in a fire.
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LAWS AND ORGANIZATIONS

Bilateral Co-operation

Technical co-operation or assistance by a donor country to a recipient
country, through direct agreement between the two governments,
without the UN or any other intermediary.

Disaster Act, Law

National legislation which provides the government or its appointed
executive with special powers to mobilize the efforts and resources of
the nation in face of a disaster, major fire or other catastrophes.

Geneva Conventions

The body of international agreements consisting of four Conventions
(1949) and two Additional Protocols (1977) concerning the humanitarian
treatment of victims of armed conflict, and put under the responsibility
of the International Committee of the Red Cross. The first (Convention)
regulates the care of the wounded and sick soldiers on the battlefield.
The second is about the care of the wounded, sick, and shipwrecked in
naval warfare. The third is on the treatment of prisoners of war. The
fourth is on the protection of civilians in time of war. Additional
Protocols I and II ensure more humane considerations not only in inter-
national conflicts but also in national strife, such as the treatment of
guerrilla fighters.

See International Humanitarian Law, Red Cross.

Mediterranean Club for Burns and Fire Disasters

Organization that brings together all the medical, surgical, nursing and
firefighting professions concerned with burn therapy and fire safety in
all forms, particularly in the Mediterranean basin. It encourages the
highest standard of burn care in all countries and collaborates inter-
nationally to strengthen prevention, care and rehabilitation in burns and
fires. (Previously Mediteranean Burns Club — MBC.)

United Nations

The UN Department of Humanitarian Affairs (DHA) mobilizes, directs,
and co-ordinates the emergency humanitarian activities of the various
UN agencies and other organizations. It has established the International
Disaster Management Information Network (UNIE NET), operates the
UN warehouse in Pisa (Italy), and publishes studies on disaster relief
and preparedness. In emergencies, UN-DHA dispatches field officers to
the stricken site, while in normal times the UNDP resident-
representative acts as its representative.

World Health Organization

The health arm of the United Nations aiming at ‘the attainment by all
peoples of the highest possible level of health’. The WHO co-ordinates
efforts to raise health levels worldwide and promotes the development
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of primary health. Besides multiple public health programmes and
actions, it is engaged in disaster preparedness and relief both at head-
quarters and at six regional offices, and co-ordinates the health sector of
the UN involvement in major emergencies. The organization has com-
piled the Emergency Health Kit. Synonym: WHO.

SUMMARY

These are a few of the many specialized terms which have been tested
over the years in hospitals, training programmes and fires and are estab-
lished as the standard terminology in disasters, burns and fire protec-
tion.

It is the author’s conviction that in the difficult emergency situations
of multilingual and multidisciplinary disaster action, the use of a com-
monly agreed vocabulary transforms a potential disaster of language
into a commonly-understood language of disasters, and lessens the
Babelian confusion which often risks to hamper the most well-meaning,
humanitarian, disaster response.
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Basic principles and paths for
perfecting the care of severely burned
patients

V.D.FYODOROYV and A. A. ALEXEEV
Burn Centre of the Vishnevsky Institute of Surgery, Moscow, Russia

The up-to-date treatment of burn patients involves early active prophy-
laxis and correction of haemodynamic disturbances, microcirculation
and electrolyte exchange, improvement of resistance to infection, metab-
olism and immune status, prevention of endotoxalemia and infection,
early reconstruction of lost skin, coverage, prophylaxis and correction of
the pathological scars, effective pharmacological control of the patient,
and full medical and social rehabilitation.

The basis of early burn disease treatment is immediate infusion—
transfusion therapy. At the same time, a decisive influence upon the de-
velopment, course and the outcome of the burn is exerted by the wound
healing process. Exceptional importance is therefore attached to the use
of treatment methods with the aim of early preparation for grafting.

Because of the political situation, the problems of health services in
the CIS countries have become considerably more complicated owing to
shortages of drugs and equipment necessary for successful treatment of
burn patients in hospitals and medical institutions, and in particular in
burn centres. There is, therefore, a threat to the success which had re-
cently been achieved in the treatment of burn patients. This is reflected
by the improvement in the survival rate, the reduction in treatment time
and the decrease in the complication rate. This means that physicians
who treat burn patients must observe a number of principles which are
simple but require unconditional implementation.

The first of these is early initiation and adequate performance of anti-
shock infusion therapy, with objective data control. A delay of only
1 hour in administration of anti-shock infusion therapy drastically
worsens the prognosis. Consequently, an improvement in emergency
preparedness, including medical aviation, and preparation of local and
regional medical institutions for the initiation of competent infusion
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therapy on the spot or in the nearest hospital continue to be extremely
important tasks and the object of further efforts to provide material
capacities for these links in the medical network of the health service
system. The solution to this problem would not encounter serious obsta-
cles, since effective anti-shock therapy requires only a comparatively
small quantity of necessary expensive drugs. Within the first hours and
even on the day after trauma, infusion of widely available crystalloid
solutions, such as Ringer’s lactate, lactasol or glucose, is required. Only
towards the end of the first day and sometimes on the second day is the
infusion of albumen blood preparations necessary. Solutions of synthetic
colloids are advisable only in the event of unstable haemodynamics.
Checking the effectiveness of the therapy provided is easily done by
measuring hourly diuresis and the blood haematocrit. More up-to-date
and exact means of control, for example the measuring of lung artery
pressure by insertion of a Swan-Janz catheter, need only be performed in
the intensive care unit of a large hospital.

Secondly, at present the attitude of burn trauma specialists towards
the transportation of burn patients in a state of shock is not uniform.
There is no doubt that the most desirable course is admittance of
severely burned patients to specialized burn centres on the first day.
However, current conditions in our country make it impossible to carry
out this in all regions, owing to the long distances, bad roads, and the
lack or shortage of specialized transport. We therefore think that the
transportation of severely burned patients within the first 72 hours after
the trauma from one medical institution to another (which is what some
physicians insist on in local hospitals which do not have special beds) is
contraindicated and should be avoided in view of the threat of immi-
nent burn shock and the problems of the administration of intensive care
during transportation. However, with a 4-5 day delay in the transporta-
tion of a burn patient to a burn centre in the after-shock period there is a
danger of missing the optimum time for local surgical treatment, and
various infectious and non-infectious complications may develop. The
considerable progress in burn management in recent years is undoubt-
edly related to the introduction of active methods of topical burn treat-
ment. Early surgical and chemical debridement with further
autodermoplasty has made it possible to drastically increase the survival
rate of patients with critical burns. The data in the literature regarding
surgical debridement in patients with large-scale burns, together with
the positive examples of many patients, testify that early surgical
debridement and the more conservative method of chemical debride-
ment do not show any convincing advantage of the first method over
the second. This is in fact quite natural because, though preventing
infection, early surgical debridement does not avert primary disturb-
ances of metabolism, immunity, microcirculation and other physiologi-
cal functions, which can cause death in patients with burns to more than
60% of the total body surface area (TBSA). However, there is no doubt
of the need for more active use of this method in patients with full-
thickness burns of up to 40-50% TBSA; here the operation gives very
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good results. Use of this operation in patients with large burns requires
special efforts for the maintenance of such patients, and here we come to
the question of the burn centre facilities.

The majority of existing burn departments are situated in standard
buildings, where they tend to be separate from the other departments
and not particularly suited to burns treatment. We should insist on the
design and construction of specialized regional burn centres which meet
the needs of the given region and are provided with the most up-to-date
equipment. The wide introduction of active surgical treatment in pa-
tients with large burns will not be possible without the introduction of
aseptic methods of treatment, which can be achieved by specific
construction features of the burn centre building and its equipment,
planned in the design phase, with a sufficient quantity of fluidized beds,
special baths and other necessary equipment, and with single-use instru-
ments, linen and dressings. For staged surgical debridement in patients
with full-thickness burns temporary biological covers and artificial skin
substitutes are necessary. Very good results have been achieved using
preserved network xenoskin. One of the problems of the surgical pro-
cedure of skin coverage in the short term is the availability of a sufficient
quantity of autogenous material. For this reason it is necessary to solve
the problem of growing skin in vitro with its wide possibilities of use in
autoplasty.

Nutrition is an important aspect of the general treatment of burn
patients. Recently, our industries have begun to produce equipment for
enteral nutrition. However, the inadequate supply of systems makes the
large-scale introduction of this method into clinical practice impossible.

With a view to increasing the effectiveness of treatment, great hopes
are pinned on the further elaboration of methods combatting the depres-
sion of immunity, by perfecting the principles and means of antibiotic
and antibacterial therapy in general.

The organization of day hospitals in burn centres is of great
significance. This will make it possible first of all to treat patients with
limited burns on an out-patient basis, providing the necessary medical
care, with considerable reduction in the cost of treatment. Secondly, it
will improve the conditions and organization of out-patient control;
thirdly, it will make it possible to solve the problems of the patients’
medical, social and professional rehabilitation.

Observance of the above basic principles will make it possible not
only to preserve the present up-to-date level of burn patient treatment
but also to predetermine its further perfection with regard to the ways
described of intensifying treatment procedures.
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Risk assessment of fire and explosion
disasters: a systematic approach

HERBERT TIEDEMANN
Swiss Reinsurance Group, Zurich, Switzerland

INTRODUCTION

A systematic assessment of disasters (many casualties) by fires and ex-
plosions should be based on a quantitative analysis which starts with
stock-taking and then investigates the particular exposure per peril. This
means that the specific exposure to each peril and for each location must
be ascertained and that the probability of occurrence of events leading to
disasters (burns in the context of this chapter) must be available in the
form of event-probability distributions which quantify the annual prob-
ability or return period of given events per risk category and per loca-
tion. Moreover, the consequences of the events must be determined in
similar distributions which correlate the magnitude of the given acci-
dent with the casualties to be expected. In both cases uncertainties must
be stated clearly as any proper preparedness for disasters must allow
for such uncertainties in the form of safety margins.

As regards consequences, it is necessary to define and quantify the
most important parameters which determine the number of casualties
and in the case of the injured the severity of the injury. Such parameters
may vary very much from case to case.

This chapter will therefore discuss the prerequisites of a systematic as-
sessment using examples from the fields of seismology, vulcanology and
industrial risks. This approach can be extended to other perils which are
beyond the scope of this chapter, like accidents in the field of aviation, or
transport of dangerous goods by road, rail, or water. The discussion will
include trends to some extent to show that past experience has to be
used with care. The growing density of populations and the introduc-
tion of new categories or types of inflammable and/ or explosive mater-
ials, as well as changes in technology related to the storage, handling,
and processing of such materials, has led to an exponential growth of
the exposure of modern technological societies.
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Although a discussion of disaster preparedness is beyond the scope of
this chapter, the information and data presented will assist in planning
for emergencies for which no local experience is as yet available. As the
impact of a disaster or the potential exposure is the product of its prob-
ability and the consequences, it is evident that any professional planning
related to the handling of a disaster, i.e. disaster preparedness, but also
disaster mitigation must allow for these parameters.

EARTHQUAKE-GENERATED FIRES

Although the risk of conflagrations in cities has in general decreased, for
instance, since the fire in Chicago in 1871 or that due to the Tokyo earth-
quake of 1923 which killed approximately 130 000 persons by fire alone,
chemical and petrochemical facilities have added in several ways to the
exposure. We will discuss essential parameters to some extent because
of their importance in any conflagration or explosion whether caused by
earthquakes, volcanism, industrial accidents, or other disasters. It is,
however, impossible to discuss probability aspects in this chapter.
Details including seismic index maps permitting the calculation of earth-
quake return periods and those of volcanic eruptions are to be found in
Tiedemann (1992).

Compared with ordinary (normal) fires the fire and explosion hazard
related to earthquakes can constitute a substantial or heavy risk. The
reason is the increased probability of ignition, of the escape and spread
of inflammable material, and of the failure of fire-fighting facilities, to-
gether with the general catastrophe involving the burning site itself and
the whole area including the families and relatives of those called upon
to meet the situation logically, efficiently, and with a cool head.

Although in general the fire risk of buildings has decreased with the
introduction of reinforced concrete to replace wood in frames, floors,
and roofs, some other changes, such as the use of certain plastics, and
gas mains or even pipe systems carrying liquid hydrocarbons criss-
crossing cities, tend to add to the exposure.

The fire and explosion risk associated with earthquake is a very
complex issue, considering the multitude of projects and the differences
between them as well as the many factors which determine the probabil-
ity and extent of the risk. One way of treating the subject economically is
to discuss the factors that determine the occurrence of earthquake fires
and explosions and the magnitude of the damage. We will not include
parameters describing the exposure of persons in the risk area. This
issue requires a specific assessment, based on the magnitude and time-
history of a fire or explosion (cf. parameters below and Tiedemann,
1992), the number of persons exposed per zone, as well as on parameters
which increase or decrease the risk.

The fire and explosion risk associated with earthquakes may be
modelled with the following formula

X ¢, ey = f[I, Hg(m, p, t, t,,, 1, tech, cm, i, d, exo, sm, sp, Hg)]
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This formula can also be used as a shorthand checklist when inspecting
risks — the different parameters are defined as follows:

® Xg( o Fire and/or explosion risk due to earthquake, whether as
a direct or indirect consequence. This risk is a function (f) of the
parameters within the brackets.

e I: Intensity of the event (without reference to any intensity scale)
meaning the severity and duration of the event as related to the
characteristics, sensitivity and vulnerability of the project which in
turn determines the risk for people.

e Hc: The general human factor which influences the exposure of the
project: the professionalism and care (risk aversion) involved in the
planning and design, construction and erection, and also all charac-
teristics of the plant which are affected by human reliability during
operation and which do not come under Hy described below. The
full meaning of this factor can be realized from the fact that it deter-
mines the extent of the exposure from all other parameters listed in
this model.

e m: Material factors, e.g. the physical and chemical properties of all
inflammable material in a project, whether installed or in the form
of raw material, feedstock, semifinished product or final product.
The physical properties include the phase, i.e. gaseous, liquid, or
solid, the quantity, the concentration and the surface-to-volume
ratio, which is particularly important for solids. The chemical prop-
erties include calorific value, ignition point, toxic properties, corro-
siveness, stability and oxidising, reducing, basic and acidic
properties.

e p: The pressure under which liquids and gases are stored and/or
processed.

e t: The temperature at which materials are kept, sorted, and/or
processed.

® t,,: The average residence time of material during storing and/or
processing. Although the concept is mainly used in chemical en-
gineering, it can just as well be applied to any other combustible
material present in a plant which is not permanently installed there,
like, for example polystyrene insulation, but which is used in man-
ufacturing and packing of finished products.

e r,: Reaction velocity. This again is generally associated with the op-
eration of chemical plants. It is clearly a very important parameter,
describing the behaviour of any combustible or explosive substance
once the reaction starts.

e tech: Technical failure factors related to the design, manufacturing,
erection or operation of plant components.

e cm: Construction material factor. If seen together with the foregoing
parameter, it becomes evident that the properties of the material,
its failure probability distribution depending on loads, load
changes, temperature, fatigue, wear and tear, and influence of
traces of the material on chemical reactions, are treated distinctly
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under this heading, although the material is selected when the
design is made.

e i: Ignition sources. Whereas weldinﬁ and torch cutting are in
general important sources of ignition, the situation is somewhat dif-
ferent in connection with earthquake fire and explosion. Here we
have failure of apparatus, of machinery to retain hot substances,
short circuits, static electricity, hammering, the hot surfaces of open
fires which are normally not reached by combustible material,
spontaneous decomposition of chemicals, etc.

e d: Distribution factor. This factor takes into account the horizontal
and the vertical distribution of combustible material over the
project. It is of particular importance with earthquake fires because
modifications in the distribution may change the passive safety of
the plant very noticeably by either providing or failing to provide
adequate, safe spacing.

e exo: Exogenic hazards relate to events which originate outside the
risk and cause or increase earthquake fire and explosion losses.
Direct effects may be caused by tsunami, liquefaction, settlement or
slides, and the failure of power or water supply. Independently
arising events include water and power failure not caused by either
earthquake, flood, inundation, or windstorm and electric storm.
One should also include the probability of an outside fire and/or
explosion, whether caused by earthquake or not, which may spread
to the site under study.

e sm: Safety measures (passive). This includes all passive safety meas-
ures designed or built into the plant, or provided in the form of
equipment installed to protect the project without requiring any
action on the part of the personnel. Examples are spacing, fire-
proofing, self-actuating shutoff and safety valves, rupture plates,
vent areas, explosion suppression systems, devices controlling or
limiting relative movement, dump systems and dikes retaining re-
leased combustible material, ring mains and sprinklers, ponds or
other receptacles holding water for fire-fighting, etc. and so on.

e sp: Safety procedures (active). This factor measures the safety stand-
ards as related to the actions of the personnel, such as general emer-
gency or shut-down programmes, the availability and quality of the
teams expected to act in case of an earthquake fire or explosion,
such as plant or outside fire-fighting squads, first aid teams, or the
assistance available from national guards, the military, etc.

e H;: This is the residual probability of human error. Irrespective of
the Hg, standard discussed above, there is a residual human error
probability which should not be underestimated since the situation
will involve acute stress of a kind the people called upon to act will
never before have experienced.

This list, which is not complete because not all parameters have been in-
cluded and in particular not all sub-parameters, immediately shows that
expert advice should be sought in case of exposure which appears to be
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complex. It is moreover evident that this chapter cannot discuss details
and therefore only general issues will be presented in connection with
each parameter.

Intensity of the event

The fire and explosion potential is generally not described by conven-
tional earthquake intensity scales. Exposure would thus have to be con-
sidered on a case-by-case basis. For instance, flour mills and grain silos
are notorious risks as regards dust explosion. Dust explosions generally
happen in two stages, with a primary explosion resulting from dust sus-
pended in the air disturbing more dust which had previously settled on
sills, girders, machinery, etc. and which explodes in its turn in a sec-
ondary event. Violent earthquake shaking generates suspended dust,
and the result may well be a larger than normal quantity of dust in the
air and thus a more violent blast, if it is ignited.

A refinery or petrochemical plant with tall apparatus may be vulnera-
ble to excitation by gentle rocking, leading to large relative displacement
and thus a high probability of pipe failure with a resultant release of
gases or liquids which can be ignited. Therefore, dangerous intensities
could be reached with an event of moderate magnitude nearby in the
case of a flour mill but, on the other hand, with a distant earthquake in
the case of a petrochemical plant, in particular if the latter is sited on
deep soft alluvium.

The intensities likely to cause fires and explosions have to be seen in
relation to all components of a risk, whether in the form of buildings,
machinery and apparatus, or material handled and processed.

The general human factor

The general human factor (Hg) is reflected in the quality of the earth-
quake building code of the country concerned and in the standards of
material and workmanship. However, for power stations, factories,
chemical plants and the like no codes are employed. The general human
factor is a function not only of the professional competence of those in-
volved in the general design and its details but also of risk consciousness
and risk aversion.

Material factor

Here we have to consider physical and chemical properties and para-
meters. The exposure depends on the combination of the two. As
regards physical properties of combustible materials, we first consider
the phase — solid, liquid or gaseous — of the potential fuel. The degree of
hazard depends to a certain extent on this and also on the stability of the
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phase. Solid materials are in general less risky than liquid or gaseous
ones because the bonding forces which hold solids together are stronger
than those in liquids. Furthermore, solids will tend not to disperse easily
and thus not invade and ignite other areas in the plant. This is not the
case with liquids, and even less with gases. Solid combustible material
in powder form, however, is easily conveyed to other sections of the
lant.

P Some solids change their phase under the influence of heat or combus-
tion. Wax and paraffin are familiar cases: under fairly mild heating they
may liquefy and drip or flow, thereby dispersing combustible material.
Plastics can also cause such problems.

A further important aspect is the conditions under which the com-
bustible material is kept. In the case of solids, the most important is rep-
resented by the surface-to-volume ratio. The larger the volume in
relation to the surface, the more difficult it generally is to ignite the ma-
terial, and the more slowly the fire will develop. The ultimate in terms of
particle size is dust, which introduces the risk of violent explosions as
mentioned earlier. '

A very important physical parameter is the quantity of potential fuel
at any particular location. This determines the thermal energy which
could be liberated during a fire and therefore the damage which could
be done to objects in the vicinity. Further, the temperature developed
and the heat radiated depend on the quantity of material burning, which
therefore also controls the chance of ignition of other items. A further
factor which is sometimes not recognized is that the larger the quantity
of material involved in a fire, the more difficult it is to lower the temper-
ature, e.g. by sprinklers or normal fire-fighting, in other words to extin-
guish the fire or to contain it. Considering that there may be an acute
shortage of water after an earthquake, it is of paramount importance to
look into fuel quantity aspects very carefully.

Turning to chemical properties, the first to consider is the calorific
value which, together with the quantity of the material involved, deter-
mines the thermal energy liberated. Obviously, the higher the calorific
value, the more pronounced the thermal exposure. The exposure may,
however, also be influenced by the speed of combustion and the temper-
ature reached. A large volume of combustible material with a high
calorific value will release a large amount of thermal energy. If the speed
of combustion is also high, a kind of a fireball will develop, i.e. a high
thermal density will be produced. If the combustion temperature is high
the energy density, which depends on the fourth power of the absolute
temperature according to the Stefan-Boltzmann law, will be consider-
able, as will the chance of casualties, damage and of ignition at some
distance from the flames.

As regards ignition temperature, the lower this temperature or the
closer the item to a source of heat, the higher the risk that new “fuel” will
ignite. When they reach their so-called self-ignition temperature, solids
will oxidize so strongly that the exothermic process leads to ignition, i.e.
no additional source of heat is needed to start a fire. A further aspect is
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the stability of the potential fuel. Some chemicals are intrinsically un-
stable, i.e. they polymerize, decompose or inter-react even if there is no
extraneous factor. An earthquake may trigger such reactions by supply-
ing heat, catalysts and agitation, and even chemicals that are stable
under normal conditions may then become unstable.

Explosions cause casualties and damage by the heat and by the pres-
sure waves generated; as both interfere with fire-fighting, this aspect re-
quires particular attention. Boiling liquids generate vapour clouds which
may eventually produce devastating explosions. Such fireballs, similar
in appearance to those produced by a nuclear explosion, may kill or
injure people up to many hundred metres from the centre of the explo-
sion. The menace of such disastrous explosions may render fire-fighting
virtually impossible.

Dust explosions, which may be particularly violent, have already been
mentioned. Obviously “ordinary” explosive gases also present a consid-
erable hazard within their explosive range, i.e. between the lower and
upper gas—air mixture ratios where an explosive flame can develop. This
range is also known as the flammable range. Liquids have to be vapor-
ized to produce such air-gas mixtures, and it should be remembered
that earthquakes can lead to vapour development not only because of
fires, but also because pipe ruptures can lead to a sudden drop in pres-
sure and violent vaporization.

Finally, corrosion, toxicity and the risk of contamination due to the
chemical properties of material have to be considered. As heating or
combustion in earthquake fires may alter the original properties of the
chemicals present, the additional risk potentials most likely to arise in
connection with synthetic hydrocarbon compounds will have to be
investigated.

In plating facilities tanks holding cyanide and others holding hy-
drochloric acid not far from each other are to be found. If these liquids
leave the tank due to splashing or overturning of the containment, hy-
drogen cyanide gas, which is extremely poisonous, will be produced.
Many laboratories, in industries, schools and universities, have bottles
with chemicals in their cabinets which will produce hydrogen cyanide if
they can fall and mix their contents. This can compound the problems
related to exposure from ‘clean’ fires and explosions. Hydrogen cyanide
and hydrogen chloride are also generated when synthetic compounds
in furniture and modern buildings burn.

Pressure and temperature

In general, pressure should be considered in conjunction with tempera-
ture when assessing variations in the hazard posed by inflammable
liquids. Such liquids in tanks, pipes and reactors will vaporize as heat is
added, and pressure will build up. This by itself, or in conjunction with
physical earthquake forces, may lead to the failure of the containment,
whereupon the resultant pressure drop will be followed by the rapid
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evaporation of the liquid. In this way large quantities of inflammable
and explosive air-gas mixtures may be generated. If considerable pres-
sure builds up within vessels before a failure and/or explosion occurs,
the violence of the explosion will be substantial.

Average residence time

The average residence time of combustible and explosive materials
should be understood in the broadest sense and not only in relation to
chemical processes. The longer the time of residence, the greater the
probability that the material may be involved in an earthquake fire
and/or explosion. As exposure may change in the course of time, a de-
tailed account of the time-history should be compiled.

The average time of residence is particularly important if a large
quantity of dangerous material is treated in a hazardous process, or
using hazardous equipment, i.e. where the chemical process as well as
the machinery and apparatus used could produce problems if upset by
an earthquake.

Reaction velocity

In general, the higher the reaction velocity, the higher the hazard,
because of the energy involved per unit of time. Fire and explosion are
exothermic processes, and if the fuel reacts strongly, a high and there-
fore destructive energy density is reached. Reactions are influenced by
catalysts; these may be admixed accidentally during an earthquake and
could alter the reaction. Failure of the cooling needed to control an
exothermic process can cause problems because a ‘run-away’ reaction or
explosion may occur.

Technical failure

Tanks collapsing during an earthquake, cracking or spilling their con-
tents are examples of typical technical failure. The potential for danger-
ous pipe ruptures or the failure of fittings or anchoring, etc. due to
indirect causes must also be considered. For instance, explosion suppres-
sion equipment generally works with electrical switches or detectors
employing electricity. If the electricity supply is endangered, which can
be expected during an earthquake, the system will not function.

One must look carefully at all elements in and around a project, for
instance, sprinkler failures or a store with bottled gases or similar
containers which contain explosive, toxic or corrosive gases. The release
of such material would make fire-fighting impossible, and in addition
some of these containers could be turned into missiles if their tops were
knocked off.
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Construction material

The failure probability of materials used in machinery, apparatus, pipe
systems, etc. depends not only on the material itself but also on a
number of parameters associated with operational conditions. The more
‘exotic’ (sophisticated) a given material is, and the more exacting the
demands, the less pronounced will be the peak in the failure probability
distribution and the greater the risk of high scatter in performance.
Important are also the chances of additional adverse factors introduced
by an earthquake, for instance, earthquake forces acting on elements
working at full capacity.

Ignition sources

In addition to the ‘standard ignition sources” which are present in most
risks, there are earthquake-generated ignition sources. One such stand-
ard source is electricity, which accounts for about 25% of all fires and
explosions in chemical plants under normal conditions. This problem if
considerably aggravated by earthquakes. High and low tension equip-
ment, e.g. insulators can be fractured, or the equipment can be over-
turned due to installation without regard to earthquake forces. Wiring
may become a source of ignition due to sparking because of disrupted
wires, loose connections or damage to the cables or wiring due to other
objects touching or falling on to the conductors. Static electricity nor-
mally causes about 15% of fires and explosions in chemical plants. In
plants where static charges are generated by the process, an earthquake
is not likely to increase the generating capacity, but it may well interfere
with the operation of the protective device used. Static electricity is,
however, also generated by gaseous dielectric material, i.e. by dry gases
which issue, for instance, from a crack in their containment at high ve-
locity. A particularly dangerous situation arises where a cloud of gas is
generated, due to failure of pipes or connections between pipes and
tanks or apparatus, and is then ignited in bulk.

Although coal fires are not as numerous today as they were in San
Francisco or Tokyo, there are still quite a number of open fires in house-
holds in several modern settlements, e.g. gas-fired water heaters or
cooking ranges, open fireplaces or stoves made of Dutch tiles, etc. In in-
dustrial plants there is sometimes a considerable number of open fires in
the form of furnaces, hearths, heating systems, boilers, reactors, etc.
Under earthquake conditions liquids and even more so gases escaping
from their containment can travel considerable distances before igniting.
Cinders may transport a fire from one place to another as they are
carried by air currents and may find fuel in the open or after entering
through open or broken windows. The Tokyo earthquake of 1923 hap-
pened around midday when fires were being used for cooking. The
severe shaking spread the burning fuel, and allegedly 277 fires broke
out, 133 of which spread. The most important single factor, however,
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was the strong wind of about 45 km/h which, in the hours following,
changed from a southerly to a westerly and northwesterly direction and
reached velocities in excess of 75 km/h. It was probably the most im-
portant reason for the conflagration that occurred.

A further cause of ignition may be a chemical reaction that takes a
dangerous course because of an earthquake or which is precipitated by
the shaking. The next factor is the molecular concentration of the reac-
tants. The law of mass action as proposed by Guldberg and Waage
(1867) states that the velocity of a chemical reaction is proportional to
the active masses (i.e. the molecular concentration) of the reacting sub-
stances. Obviously the molecular concentration can be altered by the
release of reactants due to earthquake shaking, e.g. as a result of equip-
ment failure. Ignition by chemical reaction can also occur if two chemi-
cals are mixed accidentally. A simple example would be bottles of fairly
volatile chemicals and concentrated acids falling off laboratory shelves.

Earthquake shaking may produce hammering between objects, such
as steel against steel or against stone, etc. and this may strike sparks and
so cause a fire or an explosion.

One problematic source of ignition is arson.

Distribution factor

We are here concerned with the three-dimensional distribution of com-
bustible material within a project, leaving aside adequate spacing,
however, as this will receive attention elsewhere.

As regards the vertical distribution of dangerous materials the risk in-
creases with the height at which combustible material is kept. In con-
nection with the horizontal distribution, the risk assessment will have to
take into account the quantity and the general degree of hazard of com-
bustible material per location, the proximity of sources of ignition, and
meteorological conditions, to cite some of the main factors. It should not
be overlooked that the multi-locational distribution of combustible ma-
terial and a similar spread of ignition sources increases the chance of
fires occurring and facilitates their spreading unless spacing is such that
the fire will stay in the original area even if fire-fighting breaks down.

The assessment of earthquake fire exposure in relation to liquids will
have to take into account the original distribution of the materials as
regards their vertical and horizontal location. Particular care should be
taken with liquids stored or transported some way above ground level,
in particular if they are under pressure. Aerosols, fogs, mists and sprays
of hydrocarbons which may arise due to earthquake damage to equip-
ment present a hazard which is at least equal to the risk from dust explo-
sions, if only because volatile components have a higher probability of
ignition. As even products with a comparatively high flash-point may
pose a substantial hazard if the size of particles is sufficiently small, this
type of exposure must not be underestimated, in particular if in addition
the temperature of the liquid, of the air, and of objects in the vicinity of
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such mists is high. Liquefied gases which do not evaporate rapidly, and
also gases which are heavier than air, will tend to spread and flow like
liquids once they are released from their containment. Their movement,
however, and the resulting distribution of combustible material, are less
predictable than in the case of liquids, even if meteorological factors do
not play an important role.

The exposure from explosive air—gas mixtures is seen when compar-
ing, for instance their calorific value with that of a well-known explos-
ive, e.g. TNT. Some examples relating the calorific value in 1 m® of a gas
at atmospheric pressure with that in 1 kg TNT will illustrate the risk.
For each of the following gases the approximate multiple of its energy
content to that of TNT is given: hydrogen 3.2, methane 10, propylene
23.7, propane 25.6, butylene 30.6, butane 33.7. This explains the fireball
seen in such explosions and the fact that anybody within about half a
kilometre of such an explosion is likely to die. People suffering burns
will still be found at much greater distances. A volume of gas equal to
the contents of an ordinary car tank is sufficient to cause such a disaster.

Exogenic factors

A distinction between correlated and unrelated occurrences has to be
made as this is also of probabilistic importance. If, for instance, one is
primarily interested in sizeable events to which a project on or near the
sea coast is exposed, allowance may have to be made for a concurrent
tsunami if such a risk exists in the region. The same is true for the aggra-
vation of earthquake fire losses due to subsoil liquefaction affecting part
of a plant. On the other hand, the simultaneous incidence of a flood
and/or inundation may be orders of magnitude more remote.

Tsunamis may act thousands of miles from the event which caused
them. This puts the factor high on the probability scale if there are exten-
sive tsunami-genic regions off the coast where the project is located, so
long as the site is exposed. Tsunami may also indirectly aggravate earth-
quake fire damage by rendering fire-fighting or rescue impossible.

Experience with liquefaction effects suggests that extensive additional
damage may be caused by this phenomenon, which leads to spilling of
combustible material and the extensive failure of tanks, vessels, hoppers,
pipe systems, etc., with the consequent release and spreading of com-
bustible material and the generation of new sources of ignition. Power
failures do not necessarily eliminate electricity as a source of ignition.
On the contrary, failures are caused by broken wires, short circuits and
arcing, which may themselves generate enough heat or sparks to ignite
inflammable material. Failure of telephone systems is common during
earthquakes. It may increase the losses indirectly because the lapse of
time before fire-fighting begins greatly influences the amount of loss to
be expected and the efficiency of the fire-fighting.

One very serious problem is the probability of failure of the water

supply.
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Passive safety measures

The importance of in-built passive safety cannot be overestimated from
the point of view of earthquake fire exposure. In essence it is a matter of
reducing the probability and potential extent of fire and/or explosion
by proper allowance for all the pertinent aspects in connection with
buildings, civil engineering structures and mechanical, electrical and
chemical equipment. It is therefore important to check very carefully all
items which have to remain operational after a strong earthquake, al-
lowing for all forces and conditions to which they could be exposed.
This, however, immediately points to two main weak spots in the
system.

Active safety procedures

One of the most important factors is the quality and risk-awareness of
the personnel in general, from top management downwards, and espe-
cially of those who will have to deal directly with an earthquake fire or
explosion. A prerequisite is a good emergency programme which will
have to cover all the basic possibilities which can lead to a fire and ex-
plosion and / or which determine the course it takes.

The next question is the type and quality of the equipment available
on each site. Fire-fighting technology has progressed in recent decades
and further advances are likely. Two otherwise identical elements at risk
may thus still have to be considered as different because the fire-fighting
equipment on one site is modern and more old-fashioned on the other.
Automatic fire-fighting equipment, such as sprinklers, equipment using
carbon dioxide, halogenated agents, foams, fluorocarbons, surfacting
film-forming proteins, etc., or equipment designed to ventilate build-
ings, such as electrically operated hatches or fans, is likely to fail for lack
of electricity and / or water unless specially designed. Under normal con-
ditions assistance can be expected from outside the plant; public fire
brigades will be called, their time of arrival depending on distance and
traffic conditions. Such help should be discounted where an earthquake
has caused considerable damage in the area.

Residual human failure

The general rule that failure is quality-related is true for human beings
as well. One aspect, however, must be added, namely training and
familiarity with a situation. It goes without saying that personnel con-
versant with all fire-related aspects of a project and trained to face emer-
gencies will be better prepared to deal with an earthquake fire than
people who are not so familiar with the equipment, are not fully aware
of the possible consequences of their acts and omissions and have
wrongly assumed that an earthquake is impossible in the area.
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VOLCANIC ERUPTION-GENERATED FIRES

Explosive volcanic eruptions have caused many casualties in the past.
But since Mont Pelée on Martinique killed approximately 30 000 people
in 1902 population density has increased dramatically, and also the
chance of large numbers of people being affected by burns.

In general the risk of fatalities from tephra falls is small, provided
houses do not collapse under the weight. Blocks and bombs as well as
large lapilli can certainly cause injuries, and even death, but compared
with pyroclastic flows and lahars their overall effect is not alarming.
Industrial plants and other facilities, in particular those serving to dis-
tribute inflammable and/or explosive material are today ubiquituous
near densely populated places. Also this calls for a systematic assess-
ment of the exposure. As ordinary tephra fall generally does not cause
burns we will deal here only with glowing avalanches.

During the eruption of Mount St. Helens in 1980, a fairly isolated area
was affected which had been at least partially closed to the public. Even
so, 35 persons were known to have died by April 1, 1983, and 22 were still
missing. If such an event were to take place in a dense high-technology
society the disastrous consequences can be readily imagined. It will be
remembered that the eruption of St. Helens was not particularly large.

Casualties from burns recorded in the past are not a reliable yardstick
for estimating this facet of exposure. Not only are old data often unreli-
able; the population of the world has about tripled since Mont Pelée
wiped out 30 000 lives, and the chances of exposure have changed as
well. During the eruption of Krakatau, people suffered burns at a dis-
tance of about 40 km, and large blocks of pumice burned holes in cloth
about 70 to 80 km from the volcano. Quite a number of other observa-
tions indicate that high temperatures may be reached at substantial dis-
tances from the source, but observational data are inadequate to permit
a reliable estimate, for each magnitude of eruption, the temperature-
distance correlation for directed blasts, ‘normal” base surges, glowing
avalanches, pyroclastic glows or bombs.

The following formula is based on a 10-fold increase of volume ejected
per VEI step (Simkin ef al., 1981). The formula appears to fit the few
observations reasonably well.

T (km, vEL 1o = (VEII36)1/3 /1,94 1067

In this formula VEI is the magnitude of the eruption considered, for in-
stance VEI 5, and t the temperature in degrees centigrade.

The temperatures reached at various distances from the vent relate to
glowing avalanches. Its most important parameters are: t = f (Magnitude
of the explosive eruption; Time-history of the explosive phases;
Temperature of the magma; Directional parameters; Resistance to
propagation of the hot cloud; Meteorological conditions).

For the sake of simplicity we will take the VEI-index as a yardstick for
the magnitude (Tiedemann, 1992; Simkin ef al., 1981). A particular advan-
tage of this scale is its logarithmic volume-magnitude correlation. The
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time-history of one or more important phases of explosive eruptions is
of great importance because it very largely determines the size and dis-
tribution of individual “parcels’ of hot tephra. The temperature which
may be reached at a certain place also depends on the temperature of the
erupted magma. It is obviously not immaterial whether magma is
ejected at 900, 1100 or 1300°C.

Under the heading of directional parameters, we understand princi-
pally a directed blast, i.e. a release of material in one predominant direc-
tion, and the influence of topographical features which may influence
the further spreading of avalanches, flows or clouds of hot material.
Only comparatively small flows are, however, controlled by topographic
features and obstacles: large flows are not impeded by ridges or cliffs
dozens of metres high and tens of kilometres from the vent.

The spreading of the hot material meets resistance predominantly
from the atmosphere and from the surface over which it is travelling.
The spreading velocity in turn depends on several parameters, including
resistance from the roughness of the surface over which the cloud is ex-
panding. The spreading velocity also depends on the energy stored in
the individual ejected parcels, mostly represented by the mass or
volume of the ejected pyroclastic material. The last parameter listed
above was the meteorological conditions, in particular wind velocities at
the time of the eruption. As the drag or air resistance grows with the
square of the velocity, it is not at all immaterial whether tephra is in-
jected into still air or into air moving at, for instance, 20 m/s, as during a
storm, or 40-60 m /s as during a cyclone or typhoon. Assuming approxi-
mately uniform spreading of the cloud, because of the absence of direc-
tional parameters, non-uniform resistance or high winds, we may take it
that a 10-fold increase of ejected volume of about identical density pro-
duces a cloud which is larger by about the cube root of 10, i.e. about
twice as large. In this approximation the fact that the cloud’s growth in
height is affected by gravity can be neglected, as this is so for all magni-
tudes, i.e. for all volumes erupted. If, therefore, a temperature of 250°C
can be reached 20 km from the source during a VEI 5 eruption, the same
temperature could be found 40 km or 80 km from the source during VEI
6 or VEI 7 eruptions.

As regards heat damage to industrial facilities, we must not overlook
petroleum refining, hydrocarbon process industries, and chemical
plants, which have seen a dramatic increase in investments in recent
decades. Such plants can be ignited not only by glowing avalanches but
by hot ‘bombs’ ejected by a volcano. Fires and explosions in such plants
will cause additional casualties from burns, in particular if timely
evacuation is impossible.

INDUSTRIAL PLANT-GENERATED FIRES

Industrial plants and facilities are today often found near densely popu-
lated areas, particularly if we include those which transport or distribute
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inflammable and/or explosive material. The gas cloud explosion which
killed approximately 500 people and injured many more in Mexico City
a few years ago and the explosion of petrol in the sewer system of
Guadalajara, Mexico, are still fresh in our memory. Therefore a system-
atic analysis is required to establish the exposure to burns.

In seismic regions the formula and the parameters presented earlier
can be used. If the region is also exposed to volcanoes these parameters
must be considered in addition. A case in point is the region of Naples,
Italy, which is seismic and in addition volcanic, with a larger eruption of
Vesuvius apparently overdue. In all other cases, i.e. where earthquakes
and eruptions need not be considered, this formula can be simplified but
the general validity of the parameters still prevails. It is therefore not
necessary to discuss the essential aspects a second time. In such cases,
however, technical failures and accidents caused by operators assume
an important share and assessments must therefore allow for all essen-
tial details.

The parameters which are responsible for accidents and for burns can
be grouped into defective design, material and workmanship which oc-
curred in the plant of the manufacturers. Next there are defects intro-
duced during erection and commissioning and thereafter we have to
consider problems during operation which can be caused by manufac-
turing defects, by erection, and during operation and maintenance of the
plant. A discussion of these complex aspects is beyond the scope of this
chapter.
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Fire disaster management

G. ARTURSON
Burn Centre, University Hospital, Uppsala, Sweden

The frequency, and therefore the risk, of accidents fulfilling the criteria
of disasters have increased significantly during the last decades, parallel
to and generated by the development of communities. The reasons for
this are obvious:

e increasing population density
e increased settlement of high-risk areas
e increased technological risks.

Every year about 150 disasters of different kinds occur in peace-time all
over the world, each with more than 20 deaths at the scene and an
immediate cost of more than US$ 8 million. One hundred (60% of the
total number) of these disasters are classified as severe fires or
explosions due to aeroplane accidents, hotel fires, underground disas-
ters, industrial explosions, etc. The most severe fire disasters are those
associated with liquefied petroleum gas (LPG), which is transported and
stored in condensed form. If it is exposed to heat the liquid vaporizes. In
a mixture with air an explosion will eventually cause a boiling liquid
expanding vapour explosion (BLEVE). In the last two 15-year periods,
the number of people injured in BLEVE disasters has increased from 100
to 2200 and the number of deaths from 60 to 900.

Fourteen fire disasters occurring in different parts of the world
between 1973 and 1990 and causing mass burn casualties were analysed.
I'made personal observations at the scene of half of these disasters. Data
from these disasters suggested that the outcome might be related to the
presence of smoke. The material was therefore divided into two groups:
disasters which occurred indoors (n=7), and those which occurred out-
doors (n=7; most of these were BLEVE disasters). The total number of
injured patients was more than six times higher after outdoor than
indoor disasters. The total number of casualties admitted to hospital was
nearly 20 times higher following outdoor disasters than indoor disasters.
Fewer than 50 patients were admitted to hospitals from each indoor
disaster, while the corresponding figures for outdoor disasters were
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70-2000. While the immediate death rate was very high following
indoor disasters compared to outdoor disasters, the hospital death rate
showed the opposite pattern.

The majority of victims (60% of all admitted) sustained burns covering
less than 30% of the body surface area. Following indoor disasters very
few patients were admitted with extensive burns. Following outdoor
fires, however, a significant number of patients with very extensive
burns (covering more than 70% of the body surface area) were sent to
hospitals. Few casualties of either kind of disaster (about 15% of those
admitted) had burn wounds covering 30-70% of the body surface
area.

Only 25% of those involved in indoor disasters survived, compared
with 65% of those involved in outdoor disasters. Nearly all of the deaths
occurring after indoor disasters (75%) occurred at the site. After outdoor
disasters the total cumulative mortality rate was around 35%.

In the analysis of burn disasters the following four items should be
stressed:

1. Prevention

2. Alarm systems

3. Organization, including: resuscitation, triage, early treatment and
handling of psychological reactions and transportation

4. Education and training.

Prevention is most important but too often neglected. This is especially
obvious when analysing indoor fire disasters in which very high imme-
diate mortality rates at the site are due to the inhalation of smoke and
poisonous compounds. Victims unconscious within 2-3 minutes and
unable to escape; as illustrated in measurements of toxic gases following
research into the Stardust Night Club disaster in Dublin. Oxygen con-
centration decreased and toxic gases increased to life threatening levels
within 2 min. In the King’s Cross underground disaster there were no
alarm systems, no sprinklers, not enough escape routes and no disaster
training for staff.

In the worst industrial fire disaster in the world (the San Juanico
BLEVE explosions in Mexico City) there were no alarm systems, no
sprinklers, illegal dwellings too close to the spot, no disaster training for
staff and it occurred early on a Monday morning. A total 7000 people
were injured, and a similar number of rescue workers were involved
during the first 2 days. Since by definition a disaster is a situation with a
relative lack of resources the goal of our disaster management requires:

e a planned and well trained model of action for the optimal utiliza-
tion of available resources

e a plan for accurate and rapid reorganization and mobilization of
additional resources.

A medical care system that satisfies these demands is thus necessary
both on the scene of the accident and during transportation, and within
the hospital.
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All patients have to pass a collection area before evacuation from the
scene. Leading and coordinating the work is the commander-on-scene.
He is the senior officer in the rescue service and works in close col-
laboration with the medical officer in command, and the police officer in
command. The medical officer in command is responsible for triage,
checking and stabilization of vital functions, priority and destination.
The police officer in command is responsible for registration of the
injured and also for taking care of the dead and uninjured. In Sweden,
we have found Emergency field groups very useful. With every hospital
equipped and prepared with a number of such teams, it is possible in a
major accident to send out a sufficient number of teams from different
hospitals and also primary care stations within a short period of time.

The general principles of the medical work in the field can be
summarized as follows:

1. Organized evacuation with the right priority, right destination and
registration before transport via the collection area.

2. Checking and stabilization of vital functions before and during
transportation.

In Sweden all hospitals dealing with acute patients have a disaster plan
according to recommendations from the Swedish Board of Health and
Welfare made in 1966. University hospitals in Sweden have introduced a
disaster plan which is built on a three-stage procedure as follows:

1. Stage 1, ‘stand-by’, is used whenever the suspicion arises that the
need for medical care will exceed immediately available resources.
This stage has very wide indications but is very inexpensive.

2. Stage 2, ‘adjusted mobilization’, refers to the formation of a com-
manding group which starts working in close collaboration with
the Commander on scene and his medical officer in command.

3. Stage 3, ‘Full mobilization’, indicates the need for mobilization of
all available resources within emergency and operating disciplines.

SUMMARY

It is possible to be prepared for disasters, and preventive measures are
possible. Such preparation requires alarm systems, organization of re-
suscitation, triage, and early management and transportation, and train-
ing, especially communication links. The most important principles of
disaster medicine are: well-trained leadership for organization and
triage, emergency helpers who can work effectively in primitive con-
ditions, modified methods of treatment and medication, standardized
and reduced to the basics, and speed and maximum achievement with a
minimum of resources. Initial triage is very difficult following inhala-
tion injuries (superheated air, toxic gases, etc.) and injury due to radiant
heat. Psychological support (psychologist, psychiatrist, social workers)
is always very important.
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The two latest disasters in Sweden were the Scandinavian Star Ferry
boat disaster, in which almost all the injured died, and an aeroplane
crash in which all survived and only three were slightly injured.
Disasters are unpredictable.
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University hospital fire disaster —
lessons to learn

W. F. DICK

Clinic of Anaesthesiology, Johannes Gutenberg University Hospital,
Mainz, Germany

INTRODUCTION

Reports on hospital fire disasters are only rarely published in medical
journals, and then only in journals dealing with fire fighting or hospital
management. Blumenhagen found only two English language articles
published between 1977 and 1987, according to which 24 500 severe
events were registered in the USA, equalling three events per institution
per year. However, only 30-40% of these events were reported to the
fire department. In the USA only 11% of all registered events caused
damage amounting to more than US$ 1 000 000.

CHRONOLOGY OF THE EVENT (Table 1)
Outbreak of fire

On March 31, 1988 at 17:45 h, a small fire broke out in the basement of
the surgical building at Mainz Hospital (Germany), a building with

Table 1. Chronology of hospital fire, 31.3.1988 (3 days before Easter)

17.45  outbreak of fire

17.51 fire alert

17.56  first fire truck arrives

18.09 evacuation I starts

19.00  evacuation I ends
evacuation II starts

19.55  evacuation II ends

21.30  fire under control

1.4.1988
3.05 fire out

2.4.1988  start of cleaning and recovery
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Figure 1.

eight floors containing patient wards and an annex with two or three
floors housing intensive care units, operating theatres, as well as the
radiology and anaesthesia departments (Figure 1). EMTs transporting a
patient through this area discovered the fire and tried to extinguish it
using fire extinguishers. This, however, was unsuccessful; a fire alarm
was immediately activated by a passing physician.

Fire fighting

The first fire truck and the fire command officer arrived at the scene 5
minutes later. They were informed by the personnel on duty in the ICU
(1st floor) that there was no possibility of escape through the other parts
of the building. The fire fighters thus had to deal with three major
aspects:

® recovery of the intensive care patients and the respective personnel
e fire fighting
e inspection of all parts of the building.

Clearing of the building

Starting at 18:05, all patients and the entire hospital staff were evacuated
from the smoke-filled ICUs and operating theatres. For this purpose
some patients were placed on stretchers which were attached to the
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ladders of the fire fighters and evacuated from the buildings through the
windows. The fire fighters themselves had to use respiratory assist
equipment, while the personnel were protected by smoke hoods. Only
50 minutes after the outbreak of the fire, the ICUs and the operating
theatres, where operations had been completed under emergency
conditions, were evacuated.

The fire was still burning, and the possibility of it spreading to the
patient ward building could not be excluded (Figure 2). Immediately
after the ICUs and operating theatres had been evacuated, all patients
were transferred from the wards via the staircases into the entrance hall.
The whole building was cleared with the help of physicians, nurses and
medical technicians as well as that of additional personnel provided by
the rescue organizations, the police and the armed forces. At the begin-
ning of the event 377 patients were in the building. Of these, 159 sched-
uled for discharge on the following day were immediately discharged,
as were patients admitted on that day for an elective procedure.

Of the remaining 218 patients 207 were transferred to other buildings
within the university hospital complex; 37 of these were intensive care
patients, who were transferred to ICUs in other departments. Only 11
patients had to be transferred to other hospitals (Table 2).

At 19:25 the fire had spread to the main patient building, although it
was brought under control shortly thereafter; nevertheless, the fire
squads of Wiesbaden, Riisselsheim and Frankfurt/M. airport were also
called in. Within 55 minutes the whole building had been cleared in the
absence of panic or other undesirable reactions. At 19:30 the fire fighters

Figure 2.
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Table 2. Evacuation

Total no. of patients present on 31.3.88 377
Immediately discharged 159
Transferred within hospital facilities 207
regular patients 170
ICU patients 37
Transferred to other hospitals 11

had most of the fire under control and two hours later, at 21:30, the fire
was under complete control, to be extinguished at 3:05 the next morning.

Fire fighting

For fire fighting the following resources were used (Table 3): 337 fire
fighters, 60 trucks, 450 respiratory assist devices, 20 buses for evacuation
purposes and 40 drivers, 200 hospital staff members (physicians, nurses,
technicians, etc.) and approximately 100 rescue personnel with 30 ambu-
lances.

Table 3. Resources

Fire fighters 337
Fire trucks and vehicles 60
Respiratory assist devices 300
Respiratory protect devices 150
Escape hoods 80
Bus drivers 40
Buses 20
Hospital personnel 200
EMSS personnel 100
Vehicles 30
DAMAGE AND LOSSES

At the end of the fire fighting and evacuation operations it was estab-
lished that none of the patients was impaired or injured and seven fire
fighters were slightly injured. After complete extinction of the fire, the
total loss was estimated at approximately 50 million DM. This consisted
of 650 000 DM for fire fighting and evacuation, 16.5 million for medical
equipment, 1.6 million for transferring patients, 300 000 for damage to
the facilities, 3.7 million for drugs, one-way materials, etc., 450 000 for
damage to personal belongings, 7 million for income losses, and the re-
mainder for damage to the entire building (Table 4).

Almost all facilities within the affected part of the building were
contaminated by chlorine hydrogen mixtures leaking from electrical
leads. This material had to be replaced, representing a further cost
factor.
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Table 4. Total losses (DM)

Fire fighting 650 000
Medical equipment 11 000 000
Cleaning and restoration of medical equipment 5500 000
Transfer of equipment 1 600 000
Damage to rooms 300 000
Damage to disposable material and drugs 3700 000
Loss of private property 450 000
Income losses 9700 0000
Total losses 33 000 000

(US$22 000 000)
MANAGEMENT

Positive aspects (Table 5)

A number of circumstances contributed to the overall fortunate
outcome:

1.
2.
3.

Early discovery of the fire.

The rapid response of the fire department.

Due to a forthcoming holiday and the time of the fire alert (approx.

17:50 h), which coincided with a change in shifts, twice as many

staff members were available as during a regular shift.

A fire alert was given via radio and television in order to call

hospital personnel back on duty in the surgical building; many

physicians, nurses, and technicians immediately reported to the

hospital.

The ideal cooperation between nurses, physicians and other

hospital personnel on the ICUs as well as between fire fighters and

rescue personnel respectively, meant that all patients could be

evacuated either through the windows or via the remaining wards

and staircases.

After approximately 1 hour the following command institutions

had been established:

a) the technical command reporting to the fire department

b) the clinical command reporting to the medical director, the
administrative director and the head nurse. These were
initially located in a rapidly installed container and later in a
separate building; various telephone numbers were imme-
diately put into operation.

Table 5. Management: Positive criticism

Early discovery

Short response interval

Two shifts available

Immediate attendance of personnel
Perfect cooperation

Early establishment of command
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Negative aspects and points of criticism (Table 6)

Fire prevention measures were only superficially observed. The condi-
tion of the building itself, after 20 years of operation, was such that the
spread of the fire was unchecked by safety devices. The existing safety
devices were insufficient in quantity and quality. This was later pointed
out by the fire department.

Table 6. Management: Negative criticism

Preventive measures neglected

Condition of the building outdated

Fire alert plan outdated

Traffic congestion

Overly aggressive media response

Identification problems

Inadequate coordination of patient transport

Access to the hospital open to unauthorized persons

A lack of adequate storage facilities meant that protective measures
could not be carried out as required; empty beds and beds occupied
by patients as well as medical equipment had to be kept on the
floors.

The alarm alert plan of the hospital was completely out of order, most
telephone numbers were no longer in operation.

Major confusion occurred outside the university hospital facilities
themselves, due to the fact that, in addition to the fire fighters, several
rescue vehicles tried to reach the hospital without having been alerted
by the disaster command. This resulted in severe traffic jams in the area,
as well as on the hospital premises where ambulances with patients on
board could not get through to other buildings in the hospital area. This
was, however, overcome within a short while due to efficient measures
taken by physicians and nurses.

Representatives of the press, radio and television stations demanded
continuous detailed information, which added to the confusion. A
special media information centre was later established in one of the
administration buildings.

In contrast to the fire fighting command, the clinical command could
not easily be identified due to lack of the necessary identification
materials. Additional problems were created by the fact that ambulances
transported patients to other parts of the hospital without informing the
clinical command of their operations. During the night the rescue organ-
ization and the clinical command cooperated in establishing a record of
the patients transported to the different facilities by the various
organizations.

Closure of the hospital grounds to unauthorized persons was possible
only to a certain extent and resulted in large numbers of spectators
entering the hospital area.
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IMMEDIATE CONSEQUENCES

Immediately following the event, emergency patient care was severely
impaired in the entire region. Two other community hospitals were
required to provide emergency services, since the university hospital
departments of general surgery, paediatric surgery, cardiac surgery,
trauma surgery, neuro-surgery, neurology, and anaesthesiology were
unable to admit patients.

Close cooperation between the university hospital and neighbouring
hospitals allowed limited patient care by the operative disciplines. The
operating procedures were extended to neighbouring hospitals by
transferring university hospital personnel to these hospitals.

INTERMEDIATE CONSEQUENCES

Only 3 months after the fire the patient building and a limited area of
the other facilities were reopened. This was made possible by

e installation of a fire alert system

e installation of fire prevention devices

e erection of rescue towers at the front and the back of the patient
building, because the fire fighters had been unable to reach the
6-8th floors using their regular ladders (Figure 3)

e transfer of operating suites of the trauma and cardiac surgery
departments to containers which were set up within 3 months and
contained operating facilities, recovery areas, etc. (Figure 4)

Figure 3.
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Figure 4.

LONGTERM CONSEQUENCES

By August 1, 1992, i.e. after 4 years, almost all of the facilities damaged
by the fire had been completely rebuilt and are now in operation.
Nevertheless, renovation of the total building will not be complete until
1995. For the interim (3.5 years) several specialties have to remain in
other buildings and improvisation of others is required at additional
costs.

LESSONS TO BE LEARNED

Although this event was not a disaster from a medical point of view (no
one was severely physically injured), it certainly was one as far as
finances are concerned. In addition to the immediate loss of 50 million
DM, further income losses, additional provisional measures, deferred
patient care and reconstruction costs add up to at least 200 million DM.
This means that hospitals should be reinsured to cover the risks
described, even if similar disasters occur only rarely.

A hospital alert alarm plan needs to be established, regularly tested
and updated every 6 months. The most important information should be
summarized on the first three pages. Fire precautions have to be care-
fully observed, and regular inspections are mandatory. Insufficiencies
must be corrected immediately, even if patient care is affected. Fire
protection installations need to be regularly checked and maintained.
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As new hospitals are constructed or older ones are renovated, care
must be taken to provide sufficient space for storage of materials and
equipment: nothing should be stored on the ward floors.

All personnel responsible for disaster management must be
identifiable, particularly those in command. They have to carry radio
communication devices, in order to be mobile and independent of other
communication systems. All rescue vehicles should respond only to the
medical officer in command. Hospital traffic wardens must be present
on the hospital premises, and police officers outside the hospital to
direct traffic.

An information centre must be established as soon as possible for
relatives and the media. This centre should be at a considerable distance
from the disaster area.

A patient transfer centre needs to be rapidly established where all
patient movements and operations reported by different rescue
organizations can be recorded.

The hospital grounds must be closed by police officers to all vehicles
and persons not involved in the disaster relief plan.
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Organization of emergency rescue

A.FLAUJAT and P. MAILLE
AMELISAP, France

EMERGENCY

For the physician ‘emergency’ means any disease or lesion that endan-
gers life in the short-term or that may have severely invalidating seque-
lae. The definition of ‘emergency’ is made by an expert and requires an
initial technical assessment, the rapid employment of resuscitatory
procedures and, in nearly all cases, admission to hospital.

To the general public, emergency simply means rapid recourse to
assistance and care by an external agency, essentially to resolve a situa-
tion that victims cannot manage by themselves, with a response that is
as rapid as possible; this does not necessarily mean distress of a medical
nature, and even if it does, it may not necessarily require the use of
resuscitation ambulances and specialized medical staff.

For the medical profession, response to an emergency requires means
of transport and resuscitation together with qualified personnel that
come to the victim’s aid as soon as possible; however, only a physician
or somebody with sufficient medical training is capable of determining
whether or not it is an emergency in the medical meaning of the term.

For the general public, response means above all the arrival of an
external agency that may or may not be qualified, and that may arrive
by chance or in the framework of a rescue organization, and whose role
is either to directly resolve the situation that has led to the call for aid or
to make an appeal for better qualified personnel or more efficient
material means.

The common factor in both these interpretations of the emergency
concept is the notion of speed of response. This response may be either
individual (family, neighbours or local health professionals such as
nurses, paramedics, pharmacists, physicians and volunteers trained in
rescue work and first aid) or collective (local health and social services,
and charity, health or first-aid organizations). Such immediately
available responses may prove to be materially or technically inadequate
as soon as we enter the domain of medical emergency in the strict sense,
when victims need the assistance of proper rescue services.
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Formerly the notion of emergency medical assistance simply meant
transport of the victim as rapidly as possible to the care of trained
professionals, usually in the nearest hospital or clinic.

The teaching of the armed forces medical services during the Second
World War and the Korean war has led many practitioners to study the
mortality and morbidity associated with this kind of transport. On the
basis of this military experience, emergency medical rescue now prefers
to bring health professionals to the bedside of the victims and to prepare
patients for transport which will be undertaken under medical surveil-
lance, i.e. medical preparation and transport.

In order to apply these principles it is necessary to have an alarm
response centre to receive the distress calls and relay them to the rescue
teams. It must therefore have telephone lines with easily memorized
numbers, personnel responsible for receiving calls, and means for
relaying the calls to the rescue teams. It must also have rescue teams
with transport vehicles equipped with advanced resuscitation techno-
logy and qualified personnel able to assess the situation and to begin to
treat victims. All this must be available 24 hours a day throughout the
year and also be in a position to respond in all areas within a reasonable
time.

This emergency rescue basic unit can have very different origins. It
may be part of a public service (hospital units such as SAMU — Mobile
Emergency Medical Service — and SMUR - Medical Resuscitation
Emergency Service, fire brigade, police), profit-making private organiza-
tions (ambulance services or associations, associations of paramedics or
qualified physicians) or non-profit-making non-governmental, charity or
social organizations (Red Cross, Order of Malta, Friendly Societies).
Different systems based on this scheme exist or have existed throughout
the world. They pose two immediate problems:

e What qualifications and training are required by persons who
receive emergency calls?

e What qualifications and training are required by persons who
actually intervene at the site of the accident?

The emergency call may be received by administrative personnel (sec-
retary, hospital clerk, fire brigade/police/ gendarme/ office employee)
or by medical or paramedical personnel (physician, nurse). Adminis-
trative personnel present the advantage of being inexpensive in terms of
salary and training and of being meticulous in the taking of bureaucratic
information (marital status, exact locality where aid is required, social
security cover). The disadvantage of administrative personnel is that it is
extremely difficult for them to assess the urgency of emergency calls and
to decide on the correct emergency response.

To be reliable and effective the response must be absolutely clear, and
in every case a standard rescue vehicle equipped for every type of
emergency situation must be used.

Medical personnel present the advantage of being able to make a
more precise assessment of the necessary rescue means, the possible
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evolution of the emergency and therefore the back-up forces that may
prove necessary, and the places and hospital facilities where victims can
be evacuated for treatment.

The disadvantages of using medical personnel are their expense in
terms of salary and training, and the difficulty for the organization of
finding staff in sufficient number.

As far as rescue intervention is concerned, besides the medical
vehicles and materials required, there is also the question of the
qualifications of the rescue team. This may contain:

1. Paramedics, with training approaching that of a nurse, applying
predetermined conditioning protocols for the casualties, intended
to preserve or maintain vital functions. All sorts of possibilities
exist, from the experienced rescue operator accustomed to putting
his expertise to good use to the anaesthetist nurse. The rescue
workers, on the basis of their training, will decide whether or not
to use emergency drugs.

2. Physicians, if possible with specific qualifications in emergency
medicine, who can make diagnoses, initiate treatment at the
patient’s bedside, establish the exact extent and gravity of the
lesions, request the sending of necessary material and staff, and
predict the type of resuscitation or specialized care the patient may
need.

Any emergency organization, whatever its structure and back-up
support, may find itself overwhelmed by an influx of appeals for help,
the number of victims at the disaster site, or the need for specific care or
resuscitation services, and it may indeed be unable to cope with every-
thing. This may be a rare occurrence, but it is not infrequent that the
sheer force of numbers becomes a real problem, with the arrival of
rescue forces and possible conflicts between different organizations, not
to mention the different levels of qualification of the various operators
present at the disaster site. For this reason it is necessary that rescue
operations should be carefully organized.

ORGANIZATION OF RESCUE OPERATIONS

The organization of rescue operations to coordinate the response of the
various units involved in emergency aid has become a matter of politics.
The service should aim to provide the best service possible to users, who
often lose all sense of personal initiative after a disaster: mobile popula-
tions tend to lose all contact with medical agencies and are thus all the
more disoriented and helpless.

The organization must therefore take into account the different types
of emergency aid available and establish a rescue call reception centre,
which analyses the calls and sets into motion the most appropriate
rescue operation nearest the disaster area. It must also follow and
predict the evolution of the response: the need for possible reinforce-
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ments at the disaster site, need for multiple and other forms of transport,
admission to specialized hospital facilities.

In France, an organization known as ‘Centre 15" has been established.
The area covered by a Centre 15 generally corresponds to a French
département, with a population ranging from 400 000 to several million
inhabitants. A Centre 15 comprises an administrative control and
management structure in which all involved parties are represented,
under the presidency of the Prefect (Tables 1 and 2; Figure 1); this struc-
ture is the Departmental Committee of Urgent Medical Aid and Health
Transport, which groups together the various emergency rescue opera-
tors: local representatives of the Ministries concerned, representatives of
territorial collectivities, representatives of health insurance funds, and
representatives of the medical professions (physicians, private clinics,
ambulance personnel, non-governmental organizations).

This Committee is responsible for setting up Centre 15; compiling reg-
isters listing public and private hospital facilities capable of accepting
emergency cases, means of medical transport available and physicians
willing to respond to emergency calls; monitoring the quality of the
distribution of emergency aid and its suitability for actual needs; guar-

Table 1. Structure of the Departmental Committee of Emergency Medical Aid

President. The Prefect
Representing the State

Ministry of the Interior
Departmental Director of Fire and Rescue Services
Chief Physician of Departmental Fire and Rescue Services
Chief of the most important Fire Brigade in the Department
Ministry of Health
Departmental Director of Health and Social Affairs
Medical Health Inspector
Emergency Medical Aid Service (SAMU) physician (appointed by Prefect)
Medical Resuscitation Emergency Service (SMUR) physician (appointed by Prefect)
Director of Hospital provided with SMUR
Hospital personnel trade union representative

Representing the Territorial Collectivities

Two representatives of the Regional Council
Two representatives of the Municipalities

Representing the Health Insurance Funds

Social Security representative
Agricultural Mutual Insurance Fund representative
Artisans and Tradesmen Insurance Fund representative

Representing the Liberal Professions

Two representatives of the National Physicians Union

Two representatives of the Departmental Associations of Emergency Medical Aid
One representative of the Order of Physicians

Two representatives of the private hospitals

Four representatives of the National Ambulance Personnel Associations

One representative of the Departmental Ambulance Personnel Organizations
One representative of the Red Cross Departmental Council
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Table 2. Role of the Departmental Committee of Emergency Medical Aid

To facilitate the creation of Centre 15.

To compile a list of public and private hospital structures.

To compile a list of medical transport vehicles.

To compile a list of medical practitioners willing to lend their assistance.

To monitor the quality of the distribution of Emergency Medical Aid and its appropriacy
to needs.

To guarantee the cooperation of persons and agencies involved in Emergency Medical
Aid.

To honour annual working budgets.

To inform the general public about the Centre 15 service and how to contact it.

Figure 1. Departmental Committee of Emergency Medical Aid

anteeing the cooperation of persons and agencies involved in emergency
medical aid; taking into account annual working budgets fixed by health
administration authorities; and informing the general public about ways
and means of sending appeals to Centre 15.

The Committee is divided into two technical subcommittees:

1. A medical subcommittee grouping together all physicians belong-
ing to the Departmental committee. Their task is to examine all
questions concerning the medical activity of Centre 15 and to check
on interventions carried out and respect for medical confidentiality
and professional discretion.

2. A medical transport subcommittee which groups together repre-
sentatives of casualty transport organizations. The task of this
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committee is to check on the condition of medical transport
vehicles and to confirm or reject ambulance personnel.

We may thus define Centre 15 as an organization that assesses the
extent of a disaster and distributes the means of intervention according
to their origin (public or private), training (paramedics, physicians,
anaesthetists, resuscitators) and the means used (general practitioner or
paramedic in own vehicle, ordinary ambulances, resuscitation ambu-
lances, air transport).

Centre 15 possesses its own emergency appeal reception and process-
ing centre. Calls for help may come either directly from members of the
public, dialling the telephone number 15 (the call is free of charge from a
public phone box and is given priority treatment on the telephone
network), or from medical professionals.

The calls are received by experienced administrative personnel, who
obtain as much information as possible about geographical location,
administrative matters, and the caller’s number in case communications
are cut off so that he or she can be traced. If medical problems are
involved a specialist physician (the processing physician) also follows
the call, intervening as necessary (Figure 2).

This physician, on the basis of a simple telephone call, must assess the
gravity of the situation, predict the type and quality of rescue workers
necessary, and set rescue operations into action. He must follow the
response by radio and, on the basis of reports sent by physicians on the
spot, plan the evacuation of victims and their admission to specialized
services. He will be assisted in his task by computer listings of all
available means of intervention, evacuation and hospital admission.

Centre 15 must therefore have more than adequate means of commu-
nication — an efficient telephone service to receive calls and a radio-
telephone service to maintain contact with the rescue workers.

In France we have two other distress call reception services with two-
digit telephone numbers:

e CODIS, for the Fire Brigade: telephone number 18.
o the call reception centre of public order services: telephone number
17.

Current legislation provides for interconnection of these distress call
reception centres, and for the transfer of every medical-type appeal to
the processing physician.

It might have been possible — as has been proposed within the
European Community for the telephone number 112 — to have such calls
received by the police. However, possibly because of our Latin
temperament or because of historical precedent, we physicians maintain
a certain distrust of police services and are of the opinion that the
dialogue between physician and patient may touch on facts and
information that do not concern the police. This notion of medical
secrecy, which is recognized by French law, is the pledge of confidence
which the patient gives us.
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Call from general public Call from medical source

CENTRE 15

Permanent staff

Processing physician
/ \,

Hospital physician/General physician

Rescue workers

N,

Paramedics General Fire SAMU
practitioners Brigade SMUR

___———-l Resuit of intervention/Request for reinforcements

Figure 2. Flow chart of response
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The main tasks in offering medical aid
to a burned patient in the pre-hospital
stage

L E. KOROL
Kherson Regional Hospital, Burns Department, Ukraine

The prognosis for a burns patient greatly depends on the rapidity with
which initial medical aid can be offered and the time elapsing before
presentation to hospital. The delay in bringing a severely burned patient
from a remote district to a regional hospital should not exceed 90 min;
within a city, it should be < 30 min. Of the patients seen at our regional
burn unit, 38.5% are brought by ambulance, 11% come on their own,
30.9% arrive from district hospitals and 19.6% are transferred from
polyclinics.

The following treatment is necessary in the period before arrival at
hospital:

* rapid removal of the thermal agent causing the burn;

* removal of any residual effect of the thermal agent on deeper
tissues by cooling with water or detergents such as chloether, which
also reduces the pain;

* administration of tranquillizers and analgesics to eliminate the
central reaction to pain and stress;

* reduction of peripheral pain, which leads to the release of kinases
and histamine which can damage the microcirculation. Avoidance
of such pathology is of importance not only in the burnt area but
also at distant sites.

Endogenous factors released as a result of the stress response reduce
the body’s non-specific defence mechanisms and delay the migration of
leukocytes into the burnt area. This subsequently affects the formation
of a protective wall around the lesion, and decreases phagocytosis and
other indices of antibacterial activity exerted by neutrophils around the
burn and in uninjured areas. It also promotes the development of
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secondary immunodeficiency: absolute and relative decreases in leuko-
cytes, T cells, IgG and IgA are seen, together with a rise in IgM.

In the last 4 years we have used topical applications of Dnieper, a
carbon fibre material based on activated carbon, in the early treatment of
burns in the stage of acute inflammation. This material lowers the toxic-
ity of neutral and acidic proteases and allows the gradual accumulation
of serum inhibitors in the burn area, increasing non-specific resistance to
infection and preventing the development of suppurative infections. It
also reduces the incidence of generalized sepsis, lowers interstitial and
intracellular oedema, improves local microcirculation and enhances
epithelialization of second- and third-degree burns.

In our experience burn patients can be transported to a specialist
centre without the need for intravenous antishock therapy if the distance
is not more than 40-50 km and the time between injury and admission is
no longer than 2 h. If longer periods have elapsed since the injury
patients should be transported no more than 20 km. Treatment at district
hospitals aims at rapid restoration of circulating blood volume and
improvement of microcirculation. The patient is then moved to a
specialist unit in a regional hospital 1-2 days later. This system of
treatment has reduced the mortality of burn patients to 2.0-2.1%.
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The role of a tissue bank in disaster
planning

PAVEL MERICKA, LEO KLEIN', JINDRICH PREIS” and EVA
ETTLEROVA?

Tissue Bank, “Department of Surgery, and “Department of Pediatric Surgery,
Teaching Hospital Hradec Krdlové; *Computer Centre, Medical School,
Charles University Hradec Krdlové, Czech and Slovak Federal Republic

INTRODUCTION

A well-organized and well-equipped tissue bank can help substantially
in the management of disasters. Bone grafts and soft connective tissue
grafts, such as dura mater, fascia lata or pericardium, can be used in the
treatment of mechanical injuries. Temporary or permanent skin cover is
essential in the treatment of burns. The transplantation of preserved au-
tologous bone marrow or progenitor cells collected from peripheral
blood can be used in the event of a nuclear plant disaster. The following
tasks have to be fulfilled in the preparation of the tissue bank to take
part in the disaster management.

1. Establishment of sufficient technological background for the long-
term storage of cells and tissues as a stock to be used in the event
of a disaster.

2. Elaboration of the methodology for estimating the necessary stock
level or graft demand.

3. Solving the logistical problems of sending tissue grafts to the
surgical departments involved in disaster management.

4. Organization of a national and international network for graft
exchange able to support the local tissue bank after the disaster.

An approach to these problems is demonstrated in the example of the
Hradec Kralové Tissue Bank and in the authors” own experience of the
train—gas pipeline disaster in Bashkiria in June, 1989.

The Tissue Bank of the Hradec Krélové Teaching Hospital is a multi-
tissue-oriented centre established 40 years ago by Dr R. Klen (Klen,
1952). The bank is equipped for the long term storage of temporary skin
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covers by deep freezing, cryopreservation and freeze-drying (Klen, 1990;
Meéricka, 1982; Méricka et al., 1987). Cryopreserved tissue can be stored
in mechanical freezers at temperature of —-80°C for several months or in
liquid nitrogen for several years. The tissue bank prepares routinely
allogeneic split-skin grafts (Méficka et al., 1987), allogeneic chorion
amniotic grafts (Klen, 1990) and porcine split-skin grafts (Klein ef al.,
1990; Méricka et al., 1987).

With the financial support of the Ministry of Health of the Czech
Republic a programme of epidermal keratinocyte culture as a perma-
nent cover in extensive burns is now being undertaken (Grant No.
1184-2, Internal Grant Agency of the Ministry of Health of the Czech
Republic).

CALCULATION OF GRAFT DEMAND AND GRAFT STOCK
LEVEL

We calculated graft demand with respect to burn classification in
porcine grafts prepared according to the method of Moserovd (1980),
which were used routinely by collaborating departments (Figure 1). The
details of clinical application are described in Klein and Méricka (in
press). The study was carried out on 134 adult and child patients treated
between 1986 and 1990. The graft demand per 10 patients with
confidence and tolerance intervals is demonstrated in Figures 2-5.

Figure 1. Processing of a porcine dermoepidermal graft in the Tissue Bank of the Hradec
Krélové Teaching Hospital
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Figure 2. Estimated graft demand per 10 adult patients. Cases of burns classified as
minor, moderate and severe. Confidence intervals for p = 0.95

Figure 3. Estimated graft demand per 10 adult patients. Cases of burns classified as
minor, moderate and severe. Tolerance intervals for p = 0.95. The values of the demand are
similar to that in Figure 2, but the tolerance interval has a better prognostic significance
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Figure 4. Estimated graft demand per 10 burned children. Cases of burns classified as
moderate, severe and critical. Confidence intervals for p = 0.95

Figure5. Estimated graft demand per 10 burned children. Cases of burns classified as
moderate, severe and critical. Tolerance intervals for p = 0.95. The values of the demand
are similar to that in Figure 4, but the tolerance interval has a better prognostic significance

An estimation of the necessary stock level is possible by applying the
theory of current and security stock used in pharmacy (Simeckova,
1983).
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Current stock can be calculated from the equation:

c-c.L @)

T

where C = number of days in the delivery cycle, ¢t = turnover in the
observed period and T = number of days in the observed period.
Security stock can be calculated from the equation:

S,=K.<s> 2)

where <s> is the standard deviation of the demand.
For the deficit probability of 0.001, K = 3.
The normal stock can be calculated from the equation:

Smin + Smax (3)
2

N =

where §,,;, = minimal stock and $,,,, = maximal stock.

Calculation of the parameters in current practice was demonstrated
through the example of the 2nd Department of Surgery and Department
of Pediatric Surgery, Hradec Krédlové Teaching Hospital in 1988. A total
of 17.6 m? of grafts was used in 35 patients (nine adults, 26 children).
The highest demand was in September, when eight patients were
treated simultaneously, and the lowest was in January when no patients
were treated. The average monthly demand was 1.47 m? with a standard
deviation of 1.00 m2 As the graft stock was re-established at regular one-
week intervals the theoretical current stock was calculated as an average
weekly demand, i.e. 0.36 m2. The security stock, which should balance
the demand fluctuations due to irregular incidence of burned patients,
was 3 m?, and the normal stock 3.18 m? (Figure 6).

stock of2

grafts/m“f
3,5 T
Ng
3
0 1 2 3 4 time (weeks)

Figure 6. Estimation of the graft stock level sufficient for adequate supply to
collaborating surgical departments. C,, current stock; S, security stock, N, normal stock
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The security and the normal stock are of great importance in disaster
planning. It is obvious, however, from comparison of the data relating to
graft demand per 10 patients (Figures 2-5) and the security stock calcu-
lated from the current practice of our tissue bank that it would be
insufficient in the event of a disaster. Establishing a stock of several tens
of m? of skin grafts excluded from normal graft turnover would require
special financial support.

It is much more cost-effective if the Tissue Bank is able to rapidly
increase the amount of grafts prepared and to re-establish the stock. For
this reason a special set of sterile instruments and material prepared for
emergency use at any time is at the disposal of the Hradec Krdlové
Tissue Bank.

LOGISTIC PROBLEMS AND COOPERATION OF TISSUE BANKS

The shipment of freeze-dried tissue grafts does not represent a great
technical problem. They can be sent to remote places and stored at
ambient temperatures for a long time. Skin stored in a moist chamber
can be sent in conventional ice boxes used for transport of transplant
organs. The most difficult technical problem is the sﬁipment of viable
cryopreserved skin in dry ice or in liquid nitrogen — coolants that may
not be available at the place of the disaster.

Our opinion is that the shipment of viable skin grafts to remote places
of disaster cannot be effective if no information relating to whether spe-
cialists of relief teams are familiar with the proper care of the material
and/ or with its use is available.

It may be effective, however, if the grafts are sent upon request of the
disaster relief team and if proper care of the material is assured until it
reaches the relief team specialists.

For this reason we discouraged the spontaneous activity of citizens of
the town of Hradec Kralové who offered their own skin as donors at the
time of the disaster in Bashkiria in June 1989 (gas explosion on 4 June at
0.15 a.m., local time, Figure 7). The data on management of this disaster
were published recently by a group of Russian and American specialists
(Kulyapin et al., 1990).

The author of this paper preferred to move to Ufa and to help his col-
leagues from the Ufa Laboratory of Transplant Production (Alloplant
Company) to prepare grafts. He arrived in Ufa by air via Moscow on
11 June at 3 a.m. and stayed there until 22 June. He introduced the
Moserova method of pigskin harvesting, using his own set of instru-
ments and material (Figures 8, 9). He was also involved in preparing
pigskin according to the method of the Ufa Laboratory (chemically
treated and radiation sterilized dermo-epidermal graft). These grafts
were used in the surgical departments involved in management of the
disaster.

This contact was only possible due to previous efforts to establish
close cooperation among the tissue banks of Eastern and Central Europe
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Figure 7. The Bashkiria train-gas pipeline disaster. Plan of accident site (from the journal
Argumenty i fakty).

and to the resulting personal contacts with the specialists from Ufa.
Figure 10 shows the participants of the meeting of tissue bank specialists
organized by the Hradec Kralové Tissue Bank in October 1988. Sitting
on the left is Dr. T. Mavliutov, the surgeon from the Ufa Burn Centre
who cooperated with the American relief team that landed in Ufa with a
specially equipped aircraft.

Our common experience of supplying only two centres involved in
the management of the disaster (Ufa Burn Centre and the Pediatric
Hospital of the Republic of Bashkiria) showed that one tissue bank alone
was not able to fulfil the demand for grafts and that support at national
and international levels was necessary. Various kinds of synthetic and
biological materials were applied, including the Czechoslovak freeze-
dried porcine skin Suiderm (Bioveta Terezin).

The future cooperation of tissue banks should result in a network of
banks using standardized methods of tissue preservation approved by
the European Association of Tissue Banks. Such a network would be
able to provide early and adequate support for the local tissue bank in
any exceptional situation. The European Association of Tissue Banks
(EATB)* is a new organization uniting the Tissue Banks of the European
Community with those of the states of Central and Eastern Europe.
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Figure 8. Instruction in harvesting of porcine dermoepidermal grafts in the Ufa
Laboratory of Transplant Production. Dr A. S. Guryianov, assisted by nurse G. Antipina,
is trying to collect a dermoepidermal graft with a Humby knife blade. The author is in
the front

Figure 9. Harvesting of a porcine dermoepidermal graft by the author. The grafts were
used in the Pediatric Hospital of the Republic of Bashkiria
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Figure 10. Participants of the conference of tissue bank specialists held in Hradec
Kralové in October 1988. Second from left: Professor E. R. Muldashev, head of the All-
Russian Centre of Plastic Ophthalmosurgery in Ufa. First from right: Ass. Professor

R. Nigmatullin, Head of the Laboratory of Transplant Production in Ufa. The Laboratory
is part of the Centre of Plastic Ophthalmo surgery. Seated left: Dr T. Mavliutov from

the Burn Centre in Ufa
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Civilian and military burn injuries: a
comparative study

A. W. REDA MABROUK
Burns and Plastic Surgery Unit, Heliopolis, Egypt

The aim of this study was to compare two systems of management of
dealing with civilian and military burn injuries. ‘Military burn injuries’
means injuries sustained during war.

AETIOLOGY

The causes of civilian burn injuries can be classified as domestic, indus-
trial and traffic. The causative agents may be hot liquids, fire, the results
of use of petrol, gas or other burning agents, abuse of chemicals and
electricity. The causative agents of military burn injuries are numerous
and include flame-throwers, burning shells, napalm, petrol, and chemi-
cal agents including phosphorus and nuclear weapons.

Civilian injuries usually affect individuals, sometimes a family, but
are rarely en masse. The extent and depth of the injury differ according
to the causative agent and to the observation of prevention rules.
Combined injuries are rare in civilian practice. War injuries are usually
extensive and deep, may affect individuals in mass, and patients
frequently have combined injuries. The only preventive factor is the
capacity of the armed forces to prevent the enemy from using burning
weapons.

MANAGEMENT

The management of civilian burn injuries varies according to the avail-
able personnel and the facilities and equipment supplied to them. The
construction of burn units and centres is an important landmark in the
development of burn management. That is why success in management
differs from one area and from one country to another. Burn treatment
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is very expensive, and finance is a vital factor in its success. The worst
situation is that in which management depends on personal or family
financial resources. Ideally responsibility is taken by an able government
or by medical insurance organizations. For this reason we are forced in
many cases to be satisfied with success achieved in one of the three
stages of management — acute stage, rehabilitation stage and reconstruc-
tion stage — postponing the management of the other stages until econ-
omic and social conditions allow. Prevention of burn injuries in civilian
practice entails propagation of knowledge and safety measures in the
form of protective rules and laws and in the form of propaganda deliv-
ered to the public by different information channels.

The management of military burn injuries is considered a national
responsibility to be fulfilled by the armed forces. The plan of manage-
ment is widely discussed as a part of war strategy and tactics. The differ-
ent stages in management, once agreed upon, are issued as standing
orders to be dogmatically executed, starting with first-aid management,
sorting, evacuation and treatment at different levels of care until the
victim reaches base hospitals and specialized centres. The aim of man-
agement is to save as many lives as possible and to reserve enough
places for further expected casualties. Expense is never considered a
crucial problem in treatment, this depending on the nation’s ability to
proceed with the fighting. The armed forces’ responsibility for treatment
is considered a life-long responsibility, the injured being treated in mili-
tary and veterans’ hospitals, if necessary permanently.

RESEARCH

Research work differs according to needs and circumstances. In civilian
life economy is a vital goal, and research should therefore aim at
improving the management of the acute stage, i.e., the treatment of
shock, correction of metabolic disturbances and wound care. This type
of research convinced us of the vital importance of the construction of
burn units and centres with highly sophisticated ICU facilities and other
equipment. Much research work also remains to be done to improve
management during the stages of rehabilitation and reconstruction.

When on the other hand we consider war injuries, research work has
to be directed towards the improvement of the standard of care at the
different levels of evacuation, starting from the military unit medical
office, the field hospitals and the base hospitals. All these levels are
affected by battle conditions and by whether the battle is defensive or
offensive.

CONCLUSION

Although there may be slight differences between the management of
civilian burns and that of military burns the exchange of experience and
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the improvement that can be derived from research work are common to
both, and they may be considered to be two dependent systems that aim
at the proper care and preservation of man’s well-being.
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The Army Medical Corps and its
response in fire disasters: ultralight
field units

VITO CONTREAS
Army Medical Corps, Italy

Different types of disaster require different responses: there are specific
ways of tackling earthquakes, floods, war emergencies and mass nuclear
contamination. In the specific case of fire disasters one of the priority
problems is the extremely serious nature of the casualties’ injuries. The
condition of burn patients deteriorates rapidly. In the immediate post-
burn phase it is necessary to initiate all possible measures to combat
hypovolaemic shock, which is associated with a clinical picture of
extreme panic and intense pain. The complex nature of the care required
by such patients necessitates their admission to burns centres with
highly specialized facilities.

These considerations stress the importance of two basic necessities:
first, that rescue operations should be performed immediately and with
means and equipment suitable for treatment of burns; and second, that
there should be an appropriate organization for the targeted triage of
casualties.

It is therefore clear that rescue operations must be performed by
complex and complete organizations such as the Armed Forces, which
are capable of transporting casualties, by air if necessary, and which are
well integrated into national and international communications
networks. They also possess mobile health units which can rapidly be
brought into use as well as specialized medical teams which in a few
hours can provide fire disaster victims with adequate assistance.

The Italian Army Medical Corps has adopted a series of technologi-
cally advanced solutions and developed a number of new methods
particularly designed to make its mobile units more versatile and more
efficient. These mobile units are easy to manage, simple to transport,
equipped with the latest technology, and above all flexible in their use:
this last quality is due to their characteristic modular structure.
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Essentially, the unit consists of a self-contained surgical nucleus
surrounded by 14 rubberized tents supported by a framework of pneu-
matic tubing. These other tents completing the hospital are used mainly
for diagnosis, beds for the patients, and services.

The whole complex is based on a “continuous canvas’ philosophy, i.e.
that of an integral structure with optimal conditions of isolation and the
logistic rationality of a single structure. This has the shape of a central
trunk into which it is possible to insert series of accessory modules,
which may be used for specialist purposes (paediatrics, gynaecology,
etc.) or may serve to increase bed space.

The basic structure is itself far from rigid. The distribution of the func-
tions of the various sections has been designed so that the unit can be
effectively used either as single tents or as small groups of tents.
Practically speaking, the hospital is created around a basic nucleus
consisting of Admissions and First aid, to which other units (radiogra-
phy and echography, operating section with intensive care, wards and
services) are added in successive stages, in three different directions off
the central body.

Because of its modular nature, this type of unit is clearly useful in
emergency situations which for a variety of considerations — limited
number of casualties, severity of victims” conditions, difficulty of access
due to geographic reasons — prevent the deployment of full-scale health
facilities.

The modular structure, with its possibility of gradual expansion
through successive subunits into the complete unit, is an important ally of
the need for rapidity in the rescue response, as it is not necessary to wait
for the setting-up of the operating theatre or the ward tents in order to
provide first aid or to perform diagnostic screening of the first casualties.

An "ultralight health unit” has been defined on the basis of these prin-
ciples. This unit, which can be brought immediately into action, is
proposed as a first choice instrument for immediate aid in fire disasters.

The unit consists of the first four tents of a mobile unit, i.e. admis-
sion/resuscitation, triage, immediate surgical and orthopaedic care, and
the first of the ward tents. This structure permits the simultaneous treat-
ment of four critical patients and/or injured patients requiring immedi-
ate care. At the same time it is possible to assist 16 other patients and to
administer fluid therapy. In other words about 20 patients can be given
adequate respiratory and cardiac/ circulatory support within about 30
minutes by a team of four physicians and six nurses.

All the material, tents included, can be packed for air-drop in palettiz-
able waterproof boxes. The material can thus reach the destination on
any kind of vehicle in a very short time.

In the light of the fact that the majority of severely burned patients
die in the first few hours after injury as a result of respiratory failure
due to inhalation of smoke or toxic gases or following the onset of severe
shock syndrome, it is clearly important to proceed with properly
equipped vehicles with means for cardiorespiratory resuscitation and
fluid therapy.
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The unit is not intended to be used as a hospitalization structure - 20
beds would in any case be too few in a serious fire disaster. Its main
purpose is to constitute a temporary post for immediate treatment and
especially for targeted triage. For this purpose it is essential that there
should be the possibility of a rapid radio link-up with Civil Defence or-
ganizations, which have specific responsibility for providing informa-
tion about the availability of hospital beds throughout the national
territory.

For maximum rapidity of response with these mini-health units, it is
clearly of extreme importance to programme the packing of the various
modules according to a set protocol. The utility of the module, as a
single element that can be used individually, depends on its complete
functional autonomy: every tent must therefore be transported together
with its own electricity plant and its technical and structural fittings.

These latter considerations are not always easy to realize on a practical
level because of problems of storage and transport.

I would say in conclusion that if we are to take full advantage of the
modular structure of our modern units we must organize container
systems comprising the individual modules complete with all the neces-
sary logistic and technological support necessary for their complete
functional autonomy.

These structures — like those already realized for the transport of
service systems for the surgical nucleus — could consist of metal mini-
containers lifted by an integrated system or by special jacks and loaded
autonomously on to trucks, aeroplanes, ships, etc.
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Medical strategy and tactics for fire
disasters in Russia

V.V.AZOLOV, V. A.ZHEGALOV, G. L. DMITRIEV and

V. A. SASCHENKOV

Republican Burns Centre, Research Institute of Traumatology and
Orthopaedics, Nizhniy Novgorod, Russia

Technological and transport accidents, natural disasters and military
conflicts are often accompanied by explosions and fires that result in
thermal injuries. Burns are a main feature of emergency situations in de-
veloped countries. This is also true for Russia.

Seventy-six specialized Russian burns centres are considered to be
national establishments capable of carrying out the immediate work in
the event of an emergency. These burns centres are based in large hospi-
tals and medical and research institutes are the most appropriate in this
respect. According to the special duty schedule each burns centre has
rapid response teams comprising seven persons: burns specialists, an
anaesthesiologist-resuscitator, nurses and a driver. It is supplied with a
stock of resources including drugs, bandages and simple anaesthetic and
resuscitation equipment. While acting autonomously (for example, on
the scene), the work is planned for 12-24 h to provide immediate care
for 40-50 victims.

The tasks for specialists from burns centres, army rescue teams, police
(militia) and fire brigades in the event of disasters with mass burns are
as follows:

e preparedness for arrival on the scene within 1-2 h after receiving an
urgent call-out;

e priority of organization work (search, concentration, triage, evacu-
ation to primary hospitals and to burns centres) to medical care;

e minimal immediate care: in shock, bleeding, asphyxia, acute dis-
turbances of the peripheral blood flow in deep circular burns, limb
fractures with fractured fragment displacement (decompressional
necrectomy, fasciotomy, transport immobilization). The primary
removal of burned individuals to the nearest organized and non-
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specialized medical establishments in one or two large cities must
be considered a temporary and forced measure. Our experience of
the primary concentration of more than 600 injured in the
Bashkirian tragedy of 1989 in two cities of the Southern Urals, Ufa
and Cheliabinsk, showed all the negative consequences of these
tactics.

First, it was impossible to carry out overall and adequate therapy
because of the large number of injured individuals, the evident discrep-
ancy between the requirements for medical care and the lack of
sufficient means for its provision, and the inexperience of the medical
staff in the establishments for primary hospitalization;

Second, there was a large number of infectious complications in
burned patients as a result of the inevitable spread of the nosocomial
bacterial microflora in hospital where it was impossible to isolate the
most severely burned patients. There was a high mortality rate and poor
functional and cosmetic results in the disaster victims.

Evacuation of all victims requiring hospital treatment to burns centres
would be an ideal solution in Russia. However this is limited by the
large-scale casualties, the distant location of the main burns centres from
the place where the disaster occurs, and the limited possibilities of
sanitary and civil air transport.

After finishing treatment of burns and endotoxic shock, i.e. 5-10 days
after the accident and primary hospital admission, most of the patients
had to be transported by sanitary air transport to specialized burns
centres.

In emergency situations caused by major technological and natural
disasters, large-scale casualties are similar to those in wartime. That is
why we are sure that medical care, triage and evacuation of the injured
in the first hour and the first day after the disaster must be just the same
as in the wartime and the medical services of the armed forces should
participate in the rescue work. In the warm period of the year, tent (or
airmodule) field army hospitals must be developed in airports of the
large cities nearest to the place of the disaster to carry out triage, first aid
and medical care of the burned individuals. Later these patients (in
groups of 3040 people) can be evacuated directly to the burns centres
without being first admitted to non-specialized hospitals.

Elimination of the medical and social consequences of major disasters
is impossible without government support and the participation of inter-
national rescue teams. The consolidation of such services in the whole
world to solve the practical problems of cooperation is a vital and noble
mission.
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Toxicological management of fires
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Rome, Italy

Fires can have life-threatening effects resulting from the inhalation of
heated air and fire gases. The inhalation of heated air results in thermal
damage to the respiratory tract with the risk of oedema, airways
obstruction and impaired pulmonary function. In general, the manage-
ment of thermal injury does not require a toxicologically oriented treat-
ment. The inhalation of combustion products, however, may cause
many different toxicological problems depending upon the substances
involved in the combustion process.

More than 100 chemical species have been identified from the burning
of different materials. Inhalation injury is therefore a far more compli-
cated matter than a single-product intoxication. In most cases, the nature
of the toxic gases that causes death from smoke inhalation is not known.
The nature of the products of combustion depends on the oxygen levels
present and the nature of the combustible materials.

Common combustible materials contain carbon which in the presence
of sufficient oxygen burns to form carbon dioxide. In the event of limited
ventilation or insufficient oxygen supply, incomplete oxidation occurs
with the resulting formation of carbon monoxide. Carbon monoxide is
thus a product of essentially all fires and may cause death. Carbon
monoxide levels in the range of several thousand parts per million are
common in fire atmosphere, but even significantly lower concentrations
of carbon monoxide may impair some individuals’ ability to escape from
fire. For instance, exposure to carbon monoxide sufficient to produce
carboxyhaemoglobin saturations in the 3-5% range has been reported to
alter cardiovascular function in patients affected by cardiovascular
disease as well as in normal subjects. Diagnosis and therapy of acute
carbon monoxide intoxication is a fundamental part of the toxicological
management of fires.
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As far as therapy is concerned, hyperbaric oxygen therapy has been
proved to reduce mortality and the rate of neurological sequelae. It
should be applied to all patients who have or have had any signs of
severe carbon monoxide poisoning. Hyperbaric oxygen therapy is con-
sidered the primary therapy in cases of carbon monoxide intoxication;
furthermore, current information suggests that hypoxic encephalopathy
secondary to carbon monoxide poisoning results from a reperfusion
injury. Products of lipid peroxidation from the reperfusion injury con-
tribute significantly to the morbidity and mortality of this condition. For
this reason carboxyhaemoglobin levels are poor indicators of the sever-
ity of the intoxication, and this explains why patients with significant
carbon monoxide poisoning may have low levels.

Hyperbaric oxygen therapy decreases the half-life of carbon monoxide
from 5.5 h to 90 min at 1 ata and to 23 minutes at 3 ata. Animal studies
have shown a reduction of morbidity and mortality rates using hyper-
baric oxygen therapy even if lipid peroxidation is not significantly
reduced when using oxygen at 1 ata.

The role of cyanide in human fire fatalities is less clear than that of
carbon monoxide. Cyanide is metabolized continually, and is normally
present in blood. Blood cyanide concentrations are often measured only
long after exposure and consequently the analysis of blood for cyanide
must be interpreted with caution.

Cyanide poisoning may result from the inhalation of gases produced
by burning synthetic materials. Many smoke inhalation victims have
significantly elevated blood levels of cyanide.

Treatment of cyanide poisoning after inhalation of fire gases includes
oxygen and other symptomatic therapy (controlled ventilation, correc-
tion of acidosis and circulatory support) as well as specific antidote com-
pounds. Unfortunately most cyanide antidotes are per se toxic; sodium
thiosulphate and hydroxycobalamine are probably the safest products
currently available and should be administered, in addition to oxygen,
in cases of documented or suspected cyanide poisoning. Sodium thio-
sulphate enhances and facilitates endogenous detoxification of cyanide.
For this reason, it is regarded as a safe and efficient antidote and is
always indicated in fire victims with suspected cyanide poisoning.
Unfortunately, the endogenous process of detoxification is rather slow;
more rapid and efficient detoxification is achieved by chelation therapy.
Hydroxycobalamine combines with cyanide to form cyanocobalamine,
which is excreted by the kidneys. Hydroxycobalamine is usually well
tolerated and can be considered the future drug of choice in cases of
exposure to fire gases and combustion products when cyanide poison-
ing is suspected. Plasma lactate concentrations >10 mmol/1 have re-
cently been reported as a sensitive indicator of cyanide intoxication.

Burning material may release irritant gases that damage ocular, rhino-
pharyngeal and tracheobronchial mucosa as well as pulmonary
parenchymal tissue. Irritant gases include acroleine, ammonia, bromic
acid, hydrogen chloride, hydrogen fluoride, isocyanates and sulphur
dioxide. The potential roles of sensory and pulmonary irritants
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contained in fire atmospheres have been studied using laboratory
animals. In general the main effect is a reduction of the respiratory rate,
which often leads to severe hypoxia.

In humans, symptoms of irritation may include intense coughing,
bronchoconstriction and chest pain. These signs may appear immedi-
ately after exposure and they are in general directly proportional to the
concentration and duration of exposure. Toxic pulmonary oedema may
be an early sign of alveolar damage, but more often pulmonary oedema
occurs after a symptom-free period that may last from a few hours to
two days.

Management of victims exposed to irritant gases includes optimal
symptomatic therapy, i.e., oxygen, assisted ventilation and broncholytic
agents. The use of corticosteroids in these situations is controversial.
Some animal studies have indicated both positive and negative effects of
cortisone. Clinical experience suggests that topical or systemic cortico-
steroid therapy may be helpful in decreasing irritation, although
controlled clinical trials are not available. Inflammatory reaction and
capillary hyperpermeability, which characterize the damage after expo-
sure to irritant gases, should theoretically respond to corticosteroid
therapy. However, there is no convincing evidence that corticosteroid
therapy is useful either to improve acute chemical injuries or to prevent
the development of long-term sequelae. In injuries with concomitant
thermal burns corticosteroid therapy may well have negative effects. It
may be sufficient that topical (inhalation) corticosteroid therapy is indi-
cated in patients with signs of respiratory tract irritation.

In conclusion, escape from a fire is always the key to survival. Escape
should theoretically be possible, assuming sufficient time, unimpaired
faculties and the absence of physical restraints. However, fire is an
exceedingly hostile environment in which a series of time-dependent
variables reduce the possibility of escape. Inability to escape leads to
exposure of the victims to combustion products and fire gases. The final
effects of exposure almost always include hypoxia, carbon monoxide
and cyanide poisoning and the patient has to be treated accordingly. In
this regard, it is fundamental to suspect the presence of all likely
combustion products because, in some cases, not only symptomatic
therapy but also antidotes and other specific treatment are required.
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Disaster medicine exercise
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THE EXERCISE

Consider the following scenario. A serious accident has just happened at
Air Base 101. A jumbo jet has left the runway during takeoff. Some of
the passengers are still trapped in the smashed cabin and casualties lie
all around among the scattered wreckage. The wing tanks explode and
the fire spreads rapidly. The control tower gives the alert and the first
rescue services arrive rapidly on the spot. In view of the gravity of the
disaster the ‘Red Plan’ is activated under the responsibility of the Base
Commandant. The Air Base rescue teams are mobilized and medical
reinforcements are simultaneously requested from the Emergency
Medical Aid Service (SAMU) and the fire and Rescue Service of the local
Département. The SAMU helicopter carries out reconnaissance flights
over the accident site, and the Air Base rescue workers, despite the
threat of explosion, explore the extinguished cabin of the aircraft and
proceed to initial triage of the victims.

The Rescue Operations Director, his assistant (a SAMU physician) and
a Fire Brigade officer will now set up a rescue chain which we will call
Petite Noria. A hangar about 500 metres away will be used as an
Advance Medical Post where casualties will be assembled out of danger
from the fire. Materials and ambulances arrive from all parts of the Base.

Triage tags with a specific computer number simplify identification of
the victims and assessment of their injuries. Thanks to the efficiency of
the identification systems there is optimal synchronization of all opera-
tions.

A temporary morgue is set up on site. The deceased are identified by a
forensic surgeon and the Air Police authorities.

Reinforcements set up a SAMU Medical Support Detachment for
resuscitation of casualties. A fully stocked dispensary in the vicinity of
the Base makes it possible to use medical fluids and emergency drugs.
The Medical Support Detachment is fully operational 35 minutes later
with the arrival of 50 physicians. Conventionally, as part of the exercise,
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they represent the emergency physicians who would be mobilized in a
real emergency. The first resuscitation procedures are performed on site
before evacuation of casualties.

Some casualties will be evacuated by air. A Puma aircraft will evacu-
ate up to eight casualties. The Grande Noria equipment includes an Air
Force Alouette 3, a SAMU Ecureuil, two Gendarmerie Ecureuils and a
Transal C 160. These aircraft will perform the actual evacuation of 43
casualties. Ten severely burned patients are evacuated in the Transal, to
be transferred to Burns Centres elsewhere.

Evacuation by road is effected by the Fire Brigade Officer under the
escort of the National Police, who clear the roads to accelerate access to
the hospitals.

The two Toulouse hospitals Rangueil and Purpan begin to admit
casualties. The creation of a Rescue Director Post in each C.H.U.
(University Hospital Centre) and the opening up at Rangueil of the entry
hall will make it possible to cope with the great number of admissions.

The first casualties are admitted two hours and thirty minutes after
the accident (at a distance of 15 km). After clinical, biological and radio-
logical tests the injured are sent on to specialized departments. The
transformation of the Rangueil entry hall into an Evacuation Medical
Centre takes the pressure off the emergency services, accepting less
urgent and stable emergencies: 50 beds are available.

From the very beginning of the alert, the Emergency Call Reception
and Processing Centre has set up its specialized post, called its person-
nel into action and employed a special frequency: this is the strong point
of the exercise.

RESULTS

The realization of the exercise proved to be extremely complex. The
problems of synchronization were very difficult to manage. There was a
bitter discussion of the financial considerations and the distribution of
the cost of the exercise. The assessment of the state of the burn victims
was often incorrect.

On site, the civil and military authority medical teams, with their
enormous logistic means, showed their complementary nature. The
identification systems — uniforms, armbands and special smocks accord-
ing to the functions performed - facilitated cooperation between the
teams.

On the level of hospital admission, the creation of the Rescue Director
post, tried for the first time at the Toulouse C.H.U., would seem to be
equivalent to the foundation of a hospital emergency committee.

The Emergency Call Reception Centre provides information, speeds
up mobilization procedures and acts directly on large-scale hospital
structures. All the medical and surgical hospital departments capable of
admitting large numbers of patients assisted the Rescue Director in his
task, collaborating with him in every way.
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The increase in hospital efficiency in relation to the recall of para-
medical staff posed few problems.

The transformation of the Rangueil entry hall into a SAMU
(Emergency Medical Aid Service) proved extremely useful.

Problems encountered

The difficulties were all of an unpredictable nature.

1. The exact identification of the victims. Despite the creation of a
specific computer number and the prenumbered identification
triage tags only 50% of patients admitted were correctly identified;
30% of the mistakes were never corrected, leading to grave confu-
sion in diagnoses and paramedical tests.

2. Inaccuracies and illegible written communications at all points of
the chain.

A comparison between theoretical triage and the triage actually
performed shows some significant differences that are probably due to a
slowing down in the evacuation procedures during the exercise.

The performance would certainly be improved upon in the event of a
real disaster.

The difficulties encountered indicate the importance of the annual
repetition of disaster medicine exercises.
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The ARGO satellite system: Severely
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GENERAL DATA

The Italian Department of Civil Defence has adopted an up to date
system for emergency telecommunications and territorial data collec-
tion. This satellite system, known as ARGO, enjoys all the exceptional
advantages offered by satellite systems, such as:

e The ability to set up local stations within the satellite’s coverage
area, without any restrictions

e The independence of the means of communication from the disas-
ters striking the territory

e The quality, flexibility and reliability of the link-up.

With regard to emergency communications, the basic features of the
project include the ability to establish extremely rapid links, even over
great distances, between Central Headquarters and the emergency areas
in order to collect information; to organize immediate intervention
teams to make a rapid assessment of the situation; and to send in rescue
teams immediately and on the basis of valid information. The communi-
cations are also independent from ordinary means of communication
that may be damaged or destroyed or be unavailable for use because of
the exceptional load on communications to and from the disaster area.
The communications system is stable and reliable and can be rapidly
reconfigured in relation to the situation. It also contains high-capacity
channels suitable for transmission of video signals.

Key elements that have been identified in the field of data collection
and monitoring of the territory include:

e Control of a vast range of parameters related to the cause of the
disaster and rapid transmission of information from the sensors

e Centralization of collection and processing of data in order to have
updated information for complete and efficient reference models
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e Optimal choice of sensor position in order to have quality data

e Sensors distributed in significant points in the monitored area
e Continuity of monitoring during the critical period.

CONFIGURATION OF THE ARGO SYSTEM

The system is illustrated in Figure 1. It comprises:

1. A control centre in the headquarters of the Department responsible
for checking and relaying all communications between the

Department and peripheral stations in the system (Figure 2).

2. A master station in the Fucino Space Centre which undertakes
technical surveillance of the whole system and communications to

and from the satellite (Figure 3).

3. Twelve TLC stations on off-road vehicles and engineered for CH-47

helicopter transport, with autonomous electric supply.

4. Three video camera systems in helicopters on stabilized platforms
and a radio bridge for despatch in real time of images from the

disaster area to the Department.

Figure 1.
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Figure 2.

5. About 100 small fixed stations for the collection of data transmitted
by sensors located in areas considered at high risk for disasters
such as earthquake, volcano, floods and fire, and in particular
health structures.

6. A radio-bridge link-up between the control centre and the master
station, duplicated by coaxial cable circuits of the State Agency: a
back-up system is vital in disaster management.

7. A space segment in the EUTELSAT European satellite (EUTELSAT =
European Union Telecommunications via Satellite).

The system, as already mentioned, consists of an emergency telecom-
munications network and a territorial data collection network. The
former permits the simultaneous link-up of the Department with any 12
localities in the national territory by means of the 12 mobile stations,
each of which provides two two-way telephone and two fax (or data)
channels and a video channel with audio commentary from the periph-
eral stations to the control centre and the operative centres.

ARGO’s main function is to re-establish communications as rapidly as
possible in order to reduce intervention delays to a minimum. The
mobile stations have therefore been located primarily in the vicinity of

101



MANAGEMENT OF BURNS AND FIRE DISASTERS: PERSPECTIVES 2000

Figure 3.

high-risk areas so that they can be effectively deployed in the event of a
disaster within 3—4 hours.

The mobile stations can also be transported by helicopter, which
means that intervention times are further reduced, with the possibility of
bringing in stations from areas not affected by the disaster.

The data collection network, articulated in various subnetworks
(seismic, volcanic, hydrogeological) will make it possible to convey all
data collected to the headquarters of the various scientific Agencies
concerned. Here the data will be processed and transformed into
information with significance for Civil Defence.

After initial financing in 1986, the project was realized in September
1987. The system was divided into various functional sections in order
to accelerate the activation of each single section. Despite its absolute
originality and the technological complexity of some of its major compo-
nents, the telecommunications network has already been completed. It
went into service in June 1991, while the data collection network is in the
realization phase and will be completed in 1993.

The technical and operative management of the system requires about
60 staff specialized in telecommunications with experience in field
networks. These operators came from the Ministry of Defence and the
Fire Brigade (for two mobile stations) and were trained in the use of
ARGO equipment in courses held at Societd Telespazio. The manage-
ment of the master station and the specialized preventive and corrective
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maintenance work of the entire system have been entrusted to Societd
Telespazio, which has undertaken to intervene with extreme
rapidity.

In order to extend the services offered by the ARGO system, plans are
being perfected:

e To set up further mobile and fixed stations in order to triple the
present dimensions of the telecommunications and data collection
networks

e To create new services, such as videoconferences, X-25 environment
transmissions

e To employ mobile technico-operative control centres.

This extension of services clearly presupposes the availability of new
equipment, the installation of transponders in the satellite, and adapta-
tion of the station master hardware and software.

In conclusion, when the ARGO system goes into service it will enable
the Italian Civil Defence Service to improve its activities of prediction
and prevention with regard to the main disaster risks in the national
territory, and to carry out more rapid and more efficient rescue
operations.

In addition, as the fly-over area of the satellite used by the system
covers nearly all Europe and the Mediterranean basin, Italy - in accord-
ance with the objectives of community Civil Defence which include an
advance telecommunications system for the prevention and manage-
ment of disasters in European states — has offered ARGO as an emergen-
cy telecommunications resource for the European Community and the
Mediterranean countries.

SEVERELY BURNED PATIENTS NETWORK

The idea of a Severely Burned Patients Network was conceived in the
light of the necessity to make maximum use of the resources for the
hospitalization and care of burn patients. These resources, in the opinion
of the health authorities concerned, are generally sufficient to satisfy a
country’s average requirements, but in emergency situations it may be
difficult to establish their exact location without loss of time, inevitably
complicating the transfer of patients to hospital facilities capable of
admitting them.

The solution to this problem was to provide means for establishing in
real time the exact entity and location of the resources and to set up a
nationwide organization capable of mobilizing the necessary transport
facilities for transfer of burn patients.

To achieve this objective with as little financial outlay as possible it
was originally planned:

1. To divide the national territory into operational areas, each
containing a number of hospitals organized for treatment of
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severely burned patients, and to designate within each area one of
the hospitals as the coordination centre.

2. To create at the Department of Civil Defence a Patient Transport
Operational Centre and a Severely Burned Patient Data Collection
Centre, respectively responsible for the transport of patients (inte-
grating or substituting local services) and for collecting data about
the situation in the hospitals for distribution to the coordination
centres.

3. To set up a telecommunications system to link burns centres and
field health units to the coordination centres, and the latter to the
Situations Centre at the Department of Civil Defence, in order to
ensure continuous flow of information about resources and
communications as regards patient transport, exploiting the ARGO
system’s capacity for expansion and its flexibility and total
coverage of the national territory.

Subsequently it was thought more advantageous for each burns centre
to have direct access to the Department’s Data Collection Centre and
Patient Transport Centre and more efficient to have direct contact
between hospitals sending on and receiving patients. Accordingly, after
the extra expenditure had been approved, the Severely Burned Patients
Network was replanned and divided into two subnetworks:

1. A telephone and fax mesh subnetwork linking all the burns centres
together and with the Patient Transport Operative Centre.

2. A subnetwork for data communication to link all hospitals with a
burns centre to the Civil Defence Department’s Data Collection
Centre for continuous updating and information about resources
in the hospitals.

The project provides for the installation of a radio satellite composed
of a 3-metre parabolic aerial, radios and user terminals (telephone or
telephone exchange interface, fax and data terminal) at every burns
centre.

The organs of the Department (Patient Transport Centre and Data
Centre) will use the existing ARGO and Data facilities.

The investment cost of the entire system is just over 4 billion lire
(about $2.5 million), while annual expenses for management and
maintenance, including rent of the space vectors, are about 10% of the
investment cost.

The proposal has been approved by the relevant technical and
financial authorities and is already being realized by the administrative
affairs office. It is thus almost certain that these deadlines will be met. If
this forecast proves accurate the Severely Burned Patients Network
should be a reality by 1993.
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CONCLUSIONS

The Severely Burned Patients Network makes use of structures of great
flexibility and potentiality capable of conveying information of any kind.
As the system functions continuously, the more it is used the more
advantageous it is to the state, both operationally and economically. It is
important that health organizations should propose every possible
further use of the system, in order to improve the national health
service, with particular reference to the emergency sector.
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Planning and management of rescue
operations in the event of fire in a city

GIUSEPPE MONTESANTO
Regional Fire Brigade, Sicily

In the distant past, people believed that disasters such as fires were a
divine punishment brought down upon them because of mankind’s sins.
Sincere repentance was therefore required, together with an appeal for
general pardon.

At the same time, however, it was generally believed that in addition
to praying everybody should act positively to prevent and limit the
damage caused by the divine punishment that rained down from
heaven. A civic organization for rescue operations has existed in
Palermo since the year 1300, along with regulations for fire prevention.
One of these regulations, deriving from an ancient custom, prohibited
the sale of firewood in particularly narrow streets, such as the Cassaro
(one of Palermo’s main thoroughfares), while it was allowed in the open
square of St Cataldo (the present-day Piazza Bellini). Bakeries with their
ovens were considered ‘high-risk activities” especially because of their
stores of firewood.

The most dangerous fires were those that broke out at night because
the city was wrapped in darkness, causing difficulties for rescue workers
and general panic in people in the neighbourhood.

The Palermo City Council, in its sittings of 5 May and 2 September
1864, created what was known at the time as the Firemen and Roadmen
Brigade, with 122 men. In 1889, at the request of the then Commandant,
Cavalier Rodolfo Moreno, the Firemen and Roadmen Brigade was dis-
solved and the Fire Brigade was created. In 1935, the Provincial Fire
Brigades were set up, each with a local Commander in the provincial
capital and depending directly on the Ministry of the Interior. With the
creation of the National Fire Brigade (Law 1570 of 27 December 1941)
the management of rescue operations was entrusted to Fire Brigades
which had headquarters in provincial capitals with authority over the
province, coordinated with the Regional Inspectorate and the Operative
Centre instituted at the Civil Defence General Management in Rome.
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In Palermo today, fire alarm calls, made by dialling the number 115
from any telephone, are relayed directly to the Fire Brigade operations
room at Via Scarlatti 16.

The Fire Brigade Operations Room is composed of:

e A telephone exchange operating 24 hours a day

e Fax equipment for transmitting and receiving documents and emer-
gency communications

e A computer message transmission system

® A receiving and transmitting radio system capable of linking up
with all rescue teams

® An amplification system to alert personnel

e A system of signal lights to indicate the type and gravity of the fire

® A large-scale map system.

The operator receives the distress call and immediately elicits infor-
mation relating to the nature of the fire (type of material burning), its
severity, the presence, even if only suspected, of persons in danger and
the exact location of the fire. The operator then gives instructions for the
despatch of men and fire engines from the Central Station or one of the
three Area Stations (North, South, Port), each of which has a precise area
of responsibility.

Meanwhile the alert is relayed to the Operations Room at the Regional
Inspectorate and the General Headquarters which in the case of serious
fires has elaborated a computer system to manage fire emergencies.

This system reproduces the scene of the accident as soon as informa-
tion has been received about the location of the emergency, type of fire,
substances involved and weather conditions. The system makes it poss-
ible to give the necessary assistance to operative personnel in relation to
the development of the fire.

Unfortunately, the success of fire-extinguishing operations is often
incomplete because of a number of negative factors:

Lack of preventive and protective measures

Difficulty reaching the fire rapidly because of traffic conditions
Lack of hydrants for water supply

The fragmentary nature of the city, particularly in residential areas,
which makes it practically impossible for fire engines to reach the
fire.

e The presence of high-rise buildings (over 32 metres in height)
located in positions where it is impossible for fire ladders to be used
to save people.

As a result of increasing public awareness and insistence, there is a
growing demand for adequate fire security measures throughout the
city of Palermo. The fundamental concept is that preventive measures
should be able to contain risks within reasonable limits.

The general public must be given adequate information and receive
clear instructions so that they can learn to live with the risk of fire and
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know how to behave when the risk becomes reality. There must also be
proper programming and management of fire safety in industry. It is
essential to overcome the widespread attitude to fire emergencies ac-
cording to which any plans made in order to be better prepared are soon
forgotten as they can only bring bad luck.

Information campaigns have to be conducted to inform about the
problems of fire security.

In the future, if Palermo is to be safe from fire, it will be necessary to
design ‘intelligent buildings’ with the following specifications:

1. Structures and materials with combustion characteristics appropri-
ate to the intended use of the building.

2. Internal furnishings (curtains, carpets, moquette, furniture cover-
ings) with good fire resistance qualities.

3. Fixed automatic sprinklers with the dual function of detecting a
fire in its initial stage and of keeping flames under control until
arrival of the Fire Brigade.

4. An efficient system of communication and centralization of fire
information so that the most appropriate firefighting procedures
can be put into operation as rapidly as possible, making use of
well-tried means of up-to-date transmission techniques such as
electronic equipment, computers and telecommunications.

In conclusion, the municipal authorities need to draw up a ‘City Civil
Defence Plan’, i.e. a document based on activities of prediction and pre-
vention which, after identification of the risks present in the territory
and an accurate census-taking of the resources available, will define the
operations to be carried out in the event of a fire disaster.
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Emergency medical services: rescue
potential for mass casualties in urban
fire disasters

J. POKORNY, P. GETLIK and J. SKACH

Prague Rescue Service, Chair for Emergency and Disaster Medicine,
Postgraduate Medical Institute, Prague, Czech Republic

The Prague Rescue Service, established 139 years ago by the Lord Mayor
of Prague, now comprises 177 ambulances (32 of them MIC Units) 22
physicians, 42 nurses and 220 drivers. The Emergency Medical Service
cars with their squads form a network of 12 points in Prague — a city of
1.4 million inhabitants.

In 60% of urgent calls, the time for the ambulance to reach the place of
accident is on average 8.5 min. In the year 1991 the Emergency Medical
Service responded to 17 139 urgent calls with a doctor in the squad.
Since 1988, after an experimental period, the Helicopter Rescue Service
has supplemented the E.M.S. with daily availability. In 1991, the
Emergency Medical Flight Service provided 847 flights, of which 57%
were primary rescue actions (482). The occurrence of burn injuries in the
last 5 years has been low in Prague: no more than 1% of all urgent calls.

The Prague Rescue Service is at present able to offer qualified emer-
gency medical care in mass accidents in a reasonable time to as many as
70 critically injured patients and to transport them to hospital.

The former structures of the Civil Defence Medical Service, in order to
become functional for disaster medicine, had to be transformed. It has
now been reorganized in order to achieve better functional flexibility.
The former Medical Relief Units were transformed into Rapid Relief
Teams. This renewed system works with the Emergency Medical Service
Prague as an additional structure in the event of mass casualties. The
Ministry of Health of the Czech Republic has ruled that the Rapid Relief
Teams should be formed exclusively of medical professionals, with up-
to-date equipment and able to move into action after an emergency call
within 60 min. Responsible medical professionals manage the teams and
send them into action. The mutual cooperation of both systems under
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one management has thus been achieved. Also, the considerable means
of Civil Defence have been put at the disposal of the citizens in
peacetime.

Thanks to the cooperation between experts of the Civil Defence
Medical Service and the Prague Rescue Service, the equipment of Rapid
Relief Teams has been greatly improved. This unit consists of two physi-
cians and two nurses equipped with medical material and technology
sufficient for the care of 30 casualties. The group is activated and trans-
ported to the accident site within 60 minutes. Any ordinary car with
trailer can transport all the necessary material. The equipment of the
Rapid Relief Team is planned to satisfy the requirements of prehospital
medical care for burn patients. Dressings for burned surfaces as well as
intravenous infusion therapy and analgesia are available.

Rapid Relief Teams are organized in ten different territorial areas of
Prague. Thus, in addition to the basic capacity of the Prague Rescue
Service, the Civil Defence System is able to extend the volume of
medical care to a further 300 casualties in 60 min. The operational centre
of the Prague Rescue Service is fully competent to require the immediate
supplementation by a Rapid Relief Team. On the spot, the medical re-
sponse is under the command of the Rescue Service physician, who is
skilled and experienced in emergency and disaster medicine. The Rapid
Relief Team is subordinated to his authority. This management decision
could be accepted because the technical and medical equipment of the
Rescue Service and the Civil Defence Medical Service is fully compatible
and uniformly packed in sets.

A similar reorganization of the Civil Defence Medical Service struc-
tures in Rapid Relief Teams to supplement the EM.S. is proceeding in
regions and districts throughout the whole state territory.

The material of the Rapid Relief Team fits into two specially designed
knapsacks and three sports bags (Figure 1). According to the internal
arrangement, eight functional sets are available:

e Sets 1, 2 and 3 are placed into one bag and comprise aseptic dress-
ing and surgical material, surgical instruments individually pre-
packed in sterile covers, splints, Al-folios, bed-sheets and other
auxiliary material (Figure 2);

e Set 4 is placed into a knapsack and contains drugs, most as injec-
tions, for providing medical support in surgical and medical cases
and in intoxications, with a corresponding number of disposable
syringes, needles and basic medical aids (Figure 3);

e Set 5 is placed into another knapsack and contains a source of
oxygen with a semi-automatic lung ventilator. In the near future
this set will be supplemented by a defibrillator (Figure 3);

® Set 6 contains 20 sets of material for providing layman first aid and
(Figure 4) one extrication canvas;

® Set 7 contains shock drugs, infusion solutions, infusion sets, a
suction unit and a hand-bag respirator;

e Set 8 contains eight stretchers which are freely loaded.
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Figure 1. Equipment of the Rapid Relief Team in three sports bags and two knapsacks
(without 8 stretchers)

Figure 2. View into a bag containing sets 1, 2 and 3 with the identification card

Medical documentation is performed on identification cards contain-
ing identification data and other basic data regarding the type of injury,

the care provided, transport priority and the destination of the patient.
The cards are part of the set.
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Figure 3. Sets 4, and 5 in two knapsacks containing drugs and oxygen source

Figure 4. View of first-aid worker's bag

Emergency and Disaster Medicine, due to its increasing importance, is
now given more and more space in programmes for postgraduate
medical education. Through common efforts we will succeed in prepar-
ing physicians and nurses and in training medical teams capable of
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working in extreme disaster conditions in defence of the highest of
values — human life.
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The use of a multimedia system in
domestic burn prevention campaigns
M. M. FERRARA

Divisione di Chirurgia Plastica e Terapia delle Ustioni, Ospedale Civico,
Palermo, Italy

Home sweet home! The phrase conjures up the image of an oasis of
serenity and safety, a bulwark against the outside world, which is seen
as a jungle full of traps and dangers. All this is, however, a myth that
cannot survive for long, as statistically the home is the most dangerous
place of all for the safety of children, the elderly and the handicapped.

Thirty-six per cent of all accidents happen in the home, and this
percentage has increased in recent years with improvements in socio-
economic conditions, the prolongation of the average lifespan and the
reduced supervision of children in the home.

Every year in Italy 1.7% of the population suffers burn accidents: 45%
of these are children between 0 and 12 years of age. Most of the acci-
dents occur in the home, the most frequent cause being boiling liquids,
contact with hot objects and electricity.

Hence the need for a domestic accidents prevention campaign, par-
ticularly with regard to small children — a campaign that is not easy to
realize as it can only make partial use of safety standards prescribed by
the law which are applied in industrial plants, factories and the working
world in general.

In view of the fact that the fundamental mechanism in all accidents
involving young children is a combination of imprudence, inexperience,
impulsiveness, curiosity and a desire to imitate the behaviour of older
people, we have always believed that an effective prevention campaign
should exploit the same approach for both children and adults.

Children have to learn the consequences of performing certain actions.
In this way their capacity for learning through direct experience is not
limited and their curiosity is in fact satisfied. Adults, meaning all those
persons who may find themselves responsible for the health and safety
of children, have to be trained in safety-consciousness, informed about
the possible risks in the home and the outdoor environment, and
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instructed in the first-aid measures to be performed on the spot in the
event of an accident.

For these reasons, educational, informative and instructive campaigns
are of great importance; they must however be conducted according to
well-defined protocols and have precise final goals.

In the context of Perspectives 2000, it seemed to us to be extremely
useful in a childhood burn prevention campaign to use not only educa-
tional promotional material already produced, such as posters, pam-
phlets, albums and videotapes, but also a multimedia system based on
the possibilities of presenting the same kind of material through differ-
ent media coordinated by a personal computer.

This approach presents clear advantages compared to traditional
educational means (conventional audiovisual material, courses based on
the written word and photographs, etc.) because of the interactivity
between learners and the teaching instrument and because of the multi-
media presentation of the subject.

Some very significant studies in the field of human learning have
shown a relationship between an increase in the number of media
employed in transmitting a message and the length of time that it
remains in the memory. After 3 days a person can remember 5% of a
message that has only been heard, 10% of a message that has only been
seen, 50% of a message that has been both heard and seen and as much
as 90% if the person has repeated what has been seen and heard.

The multimedia system proposed consists of a personal computer, a
videodisk reader, and a touch-screen, i.e. a monitor that reacts to finger
pressure on particular parts of the screen. The system helps the user by
adding a considerable number of formative and educational potentials
to the merely informative input of a conventional audiovisual instru-
ment.

Learners view a videodisk concerning for example the prevention of
industrial accidents and by use of an articulated question-and-answer
program they are enabled to obtain information - in an aimed and not
sequential manner — about the standard procedures of prevention,
behaviour and first aid.

The program makes it possible to make active use of the normally
passive content of an audiovisual aid, because of the presence of a phase
of self-teaching and a phase of self-testing.

The self-teaching phase enables users to follow their own autonomous
learning route corresponding to their personal learning capacity, and to
revise the various procedures and suggestions made. The self-testing
phase enables users to test the validity of their learning route and their
level of learning by answering a series of specially designed questions,
simply by touching the screen with a finger.

In an accident prevention campaign directed at children, the teachers
may operate the system themselves or they may allow the children to
use it, in order to check the level of learning attained. This approach
makes use of the technique of learning through playing, and incorp-
orates many of the latest technological advances which transform the
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system into a kind of videogame with increasingly more difficult ability
tests that the children have to resolve.

In conclusion, the system will contain a complete program on the
prevention of domestic accidents and on the norms of immediate behav-
iour when they occur, a program characterized by an up to date and
dynamic formula that will be popular among its intended users because
of its use of techniques that are already in favour. The effectiveness of
the system is integrated by a series of files and programs aimed at a
wider public including parents, teachers and appropriate authorities.
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A burn prevention programme
P. VERRIENTI, G. DE DONNO, P. DE SANTIS and A. SAVOIA

Divisione di Chirurgia Plastica e Centro Ustioni, Ospedale Regionale A.
Di Summa, Brindisi, Italy

INTRODUCTION

The Department of Plastic Surgery and Burn Centre of the A. di Summa
General Hospital in Brindisi, Italy admits as in-patients an average of
340 burn victims per year. This high number is due both to the large
area served by the hospital (Figure 1), which includes Apulia, Basilicata,
Calabria and Campania, and sometimes even Abruzzi, Marche and
Lazio, and to the constantly high incidence of burns in the whole area.

In order to reduce the human and social costs of this endemic disaster
we initiated a multimedia prevention campaign (Figure 2) directed at
groups of the population considered most at risk. The first step in this
campaign was a retrospective epidemiological study of the population
of burn patients hospitalized between 1 January 1986 and 31 December
1991.

EPIDEMIOLOGICAL STUDY

A total of 2050 burn patients were admitted between 1 January 1986 and
31 December 1991 (Figure 3), two-thirds to the Department of Plastic
Surgery and one-third to the Burns Centre.

The annual distribution (Figure 4) shows a certain variation in the
number of patients admitted to the Plastic Surgery Department, while
the number admitted to the Burns Centre remained fairly constant, with
an annual average of 108 cases, which corresponds to the maximum
availability of bed places in intensive therapy. This is demonstrated by
an analysis of the monthly average distribution of patients admitted
(Figure 5): the number is not steady throughout the year but has two
peaks, in winter and summer. This trend is related to the seasonal use of
intrinsically dangerous heating systems (e.g. open fires and braziers),
school holidays and the use of outdoor barbecues. In the summer period
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Figure 1. The geographical area served by the Brindisi Burns Centre

all the beds in the Burns Centre are continuously occupied and a new
patient can be admitted only when a bed is vacated. In some months of
the year it is therefore necessary to send a considerable number of
patients, despite the relative gravity of their wounds, to the Plastic
Surgery Department, as shown by the high monthly admissions
rate.

An examination of the distribution by age and aetiology of the burn
(Figure 6) shows that up to the age of 11 years about 75% of burns are
due to the action of liquids, while in older age groups flame is the preva-
lent cause. The home is the most common site where the burn takes
place, the overwhelming majority of burns being due to improper
or careless use of widely used objects and substances. In our territory
there is a significant difference between the accident rates in the two
sexes.

Industrial burn accidents affect almost exclusively males (about 25%
of burn patients admitted, in our case histories), while 94% of the
women, who normally do not work in dangerous trades with a high
burn risk, suffer their burns in the home (Figure 7).
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Figure 2. Multimedia campaign

PREVENTION PROGRAMME

On the basis of these findings we identified certain population categories
that were more exposed to the risk of burns: inadequately supervised or
protected children (Figure 8) and careless or badly informed adults,
particularly with regard to improper use of ethyl alcohol (Figure 9).
Certain targets were therefore defined in the prevention campaign:

e adults looking after children or elderly people;
e adults prone to carelessness;
e schoolchildren.

The campaign was promoted multimedially, with brochures for
general circulation, televised videotapes and slides to be shown in
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Figure 3. Burn patients hospitalized (1986-1991) L] Department; burns centre

Figure 4. Burn patients hospitalized yearly. Number of burn patients admitted.
[ ] Department; burns centre
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Figure 5. Distribution of admissions per month (1986-1991). Number of burn patients
admitted to Department (- - - -) or burn centre (—).

Figure 6. Distribution by age and aetiology (1986-1991). Percentage of burns due to
Other, /~ Liquids, Flame
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Figure 7. Distribution by sex and site of accident. Percentage of patients with burns
suffered. Other, ./ A Atwork, At home

Figure 8. Unsupervised children

public meetings. Particular attention was paid to denatured ethyl
alcohol, which might be called the burn specialist’s number one enemy.
Many serious burns are caused in our territory by careless use of this
substance, which is improperly used as a cleaning fluid or as fuel. From
this point of view we would draw attention to the extremely dangerous
custom of bottling the alcohol in containers made of elastic plastic mate-
rial, which encourages the custom of squirting the alcohol directly on to
flames. One long-term objective of the prevention programme is to
lobby for a change in the law regarding the sale of this kind of alcohol
and for the abolition of the use of plastic containers. Such a measure
could prevent a number of deaths and about 100 other accidents each
year in our territory alone.
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Figure 9. Improper use of ethyl alcohol
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Burn injuries in children

M. HABERAL and N. UCAR
Turkish Transplantation and Burn Foundation, Ankara, Turkey

INTRODUCTION

Burn injury is one of the main medical and socio-economic problems
facing societies throughout the world, the number of casualties and
causes varying from country to country (Dobrokovsky, 1984; Haberal,
1987a). At our Centre, approximately 100 patients are admitted due to
burn injury each year. The majority of these burn injury victims are
children. The frequency of burn injury is fairly high in almost every
country but fortunately the majority of burns range only minor to
moderate (Haberal, 1987b; McDougal, 1978). However, the subject of
burn injury still remains a world-wide concern for physicians and health
care personnel, as well as for the victim, from a psychosocial, economic
and emotional perspective. It is therefore mandatory that burn treatment
should be handled by well organized prevention and rehabilitation
teams and collective education programmes on a national and inter-
national basis. This study portrays the treatment of 512 children
admitted to our Centre during an 11-year period.

MATERIALS AND METHODS

Between 1 January 1979 and 31 December 1992 a total of 1005 patients
with various burn injuries were treated at our Centre, including 579
children (aged 0-15 years) who were admitted (Figure 1). These children
were analysed with respect to age, burn area, duration of hospital stay,
cause of burn and treatment results. All patients were treated with the
Parkland formula, namely Ringer’s lactate solution, of which
2-3 ml/kg/percent burn area was given during the first 24 h. The
amount of fluid administered was calculated from the time of admission
to the hospital.

During the second 24-h period, if the patient could not be fed orally,
plasma was administered according to the patient’s weight, which was
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augmented by at least 1 g of protein per kg, and providing that the
patient was responding well to treatment, he or she was mobilized as
soon as possible. The three methods of treatment for moderate and
severe burn wounds were open, with a dressing, and biological treat-
ment. As in many other centres around the world, mafenide acetate
(sulfamylon) cream was used for open wound treatment. Silver sulpha-
diazine was mainly used on it. Severe infection occurred, with sulfamy-
lon being used occasionally in order to decrease the growth of resistant
bacterial colonies and the side-effects of sulfamylon.

Since 1978, 0.5% silver nitrate-incorporated amniotic membrane
(SNIAM) has been used as a biological dressing (Haberal, 1987c).

RESULTS

Of the 579 paediatric patients, 301 were male and 278 were female (mean
age 4.47-3.68 years). While 68% of the major burns occurred in the 0- to
6-year-old category, only 32% concerned children in the 7- to 15-year-old
category (Figures 1 and 2). A total of 517 patients with non-electrical
burn injury and 62 patients with electrical burn injury were admitted to
hospital. The causes of non-electrical burn injuries were: hot water, 272
(52.61%); flame, 161 (31.14%); hot milk, 47 (9.09%); hot meal, 20 (3.86%);
LPG gas explosion, 17 (3.28%); hot olive oil, 7 (0.96%) and hot metal,
2 (0.38%) (Figure 3). Most of the children were from rural areas and
belonged to a low socio-economic level.

Mean burn surface area (TBSA%) in these patients was 26.61 + 16.55%
of total body (range, 0.5-100%). The mean duration of hospital stay was
26.5 * 34.5 days (range, 1-270).

The most common cause of burns in children was hot water (52.61%).
In the non-electrical burn injury group, 160 patients (30.94%) died,
whereas in the electrical burn injury group 12 patients (17.35%) died.

Figure 1. Number of paediatric and adult patients
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Figure 2. Age distribution of paediatric patients

Figure 3. Causes of burn injury

With regard to the incidence of death, the most important cause of non-
electrical burn injuries was found to be hot milk (61.70%). The overall
mortality rate was 29.7% (172 patients).

DISCUSSION

Although most burn injuries treated at our Centre were classified as
minor, requiring brief or no admission, burns remain one of the most
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important problems existing in our society (Haberal, 1987b; McDougal,
1987). The majority of hospitalized patients were children aged 0-6
years, with injuries due mostly to scalding. These injuries were attribut-
able to lack of parental supervision and improperly placed heating
devices in kitchens and bathrooms. The mean hospitalization period was
from 1 to 270 (26.5 + 34.5) days, which is considered quite a long time for
a child, when all the emotional factors that affect the patient and the
family are taken into consideration.

Hot milk casualties led to the highest mortality rate. The cause of
death in these cases was generally sepsis.

In Turkey, burn injuries continue to claim hundreds of young lives
(Haberal, 1987b). In order to prevent this life-threatening event,
measures must be taken by health care officials and physicians regard-
ing the education of the public for further burn prevention through
every available means of communication possible.

In conclusion, the reduction of the overall mortality rate of 31.4% in
paediatric burn patients is vitally necessary and requires the establish-
ment of organized treatment, prevention and rehabilitation and collec-
tive education programmes on a national and international level.
Otherwise society will continue to be plagued by burn casualties claim-
ing many lives. Most accidents are due to lack of parental supervision,
and to non-awareness of the dangers that lie within reach of children,
such as improperly placed heating devices in kitchens and bathrooms.
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Burns prevention in a paediatric
population
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INTRODUCTION

Burns have an important place in the pathology of children due to their
frequency and gravity. Thermal trauma is second only to car accidents
as a cause of death during childhood and is still a leading cause of
accidental death in the home among children aged 1-14 years.

About 50% of all burns treated concern children under the age of 14
years. The number of burns recorded in children’s school medical
centres in Belgrade in the last 3 years vividly shows how widespread
these burns are in our environment. Figure 1 shows that children in the
0-6 years age range are most affected.

MATERIALS AND ANALYSIS OF THE DATA

During a 1-year period, at the University Children’s Hospital, Clinic for
Paediatric Surgery, we treated 124 burn patients as in-patients and 456
as out-patients (Table 1). An analysis of our study of these patients (aged
0-14 years) shows that infants and youngsters up to the age of 3 years
have a disproportionately high number of burn accidents. This group
accounts for nearly 61% of all children’s burns (Table 2). This age group
is characterized by rapid motor development and great interest in the
environment, with learning about the surroundings primarily being

Table 1. Number of treated patients

Hospitalized 124
Out-patients 456
Total 580
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Figure 1. Age and treatment of hospitalized patients

Table 2. Age and treatment of hospitalized patients

0-3 4-7 8-11 12-14 Total
years years years years
Operative 48 8 4 9 69
Conservative 28 14 6 7 55
Total 76 22 10 16 124

conducted by the sense of touch (which is the oldest with regard to
phylogenetic development). Infants aged 1-2 years learn to walk with
the aid of anything they can hold to pull themselves into a standing
position. The number of burn injuries reduces in each period from 3 to
12 years, but rises again as older children become more active in the use
of electric devices and the improper use of flammable materials.

An analysis of burns must consider not only their frequency but also
their extent and depth (Figure 2, Table 3). The extent of burns in children
is also influenced by the fragility of the child’s body: a burn surface
which does not represent a serious injury in an adult and does not
require surgery, will cause a more serious pathophysiological disturb-
ance in a child and require adequate general and surgical treatment.
Comparing the types of agent causing the burn injury we can see that
the most frequent cause of burns in children treated and hospitalized in
our clinic over 1 year is related to scalds caused by boiling water, soup,
milk and coffee (Figure 3). The majority of burns in the 0-3 years age
group were sustained by pulling on an object or during play and play-
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Figure 2. Percentage of body surface burned in hospitalized patients

Table 3. Thickness of burns (hospitalized patients)

Thickness No. of patients
Superficial partial (epidermal) 55
Deep partial (dermal) 56
Full thickness (subdermal) 13
Total 124

Figure 3. Cause of burns (hospitalized patients)
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learning behaviour. Contacts with hot solids come second. In the same
period burns caused by flame were of significant importance in the older
age groups. The extent and most frequent localization of such burns in
our patients are shown in Figures 5-9.

PREVENTION

In spite of the developments achieved by modern plastic and reconstruc-
tive surgery, which allow the recovery of the majority of burn patients,
children are often left with physical and psychological sequelae. Anyone
who has cared for or seen a child with severe burns appreciates the need
for vigorous preventive activities. The prevention of burns requires ac-
curate epidemiological and other research in the field, plus evidence of
the causes and programmed health education work for the public. The
mass media may be effective for developing positive behaviour.
Educational programmes should be directed against flame burns
because of their severity and against scalds because of their frequency.

Figure 4.
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Figure 5.

A specific mixture of historical hazards that affected children in the
past, who grew up in an environment less complicated than our techno-
logically developed world, and of some advanced environmental
modifications is presented in our population. For this reason children
require supervision and education by parents or other responsible
members of the family. It is important to use practical demonstrations of
the safe way of using technological innovations and of indicating their
potential hazards. The child’s hazardous environment can be modified
by means of educational programmes focusing on where and how
accidents occur. Parental awareness of the dangers should help to
reduce accidents. Strategies to eliminate the risk of burns in the kitchen
include: storing electric appliance cords out of reach of small children,
avoiding the use of tablecloths when hot items are served, placing hot
food containers in the centre of the table, and not holding young chil-
dren in the lap while drinking hot beverages.

In order to prevent infection and to reduce the burn depth, parents
should be taught how to give first aid and informed of the importance of
correct medical treatment given as soon as possible.
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Figure 6.

The prevention of injury-related invalidity requires the initiation of
medical rehabilitation during the phase of medical treatment, together
with the training of parents so that they can continue treatment at home.

CONCLUSION

The aim of this work is to point out that, in spite of progress in success-
ful treatment, a number of contemporary consequences may sub-
sequently affect the burned child, and we must therefore cast a wide net
of measures for prevention of burns. Preventing burns in children is
more complex because as a result of their young and more vulnerable
age it can be done only by educating the parents; it can be done directly
only with children of school age. Health education provides new know-
ledge and forms new habits, but young children cannot receive the
knowledge or form new habits without the assistance of their parents.
Our experience in treating burns has revealed inadequate first aid
given by parents and sometimes even by medical staff, which points out
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Figure 7. Figure 8.

Figure 9.
137



MANAGEMENT OF BURNS AND FIRE DISASTERS: PERSPECTIVES 2000

the need for the education of parents and the updating of medical
knowledge for operators in the field of elementary first aid for burns.
Established burn centres should recognize their obligation to teach burn
and fire prevention, in addition to providing care for patients once they
have been injured.
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NOTE

The educational posters illustrated here and burn prevention literature
can be obtained from the Mediterranean Burns Club.
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In-depth investigation of the causes
and prevention of minor burns treated
at a Turkish burn centre

N.UCAR and M. HABERAL
Turkish Transplantation and Burn Foundation Hospital Ankara, Turkey

INTRODUCTION

Although the majority of burns are minor and can be treated on an out-
patient basis, epidemiological studies concerning minor burns in our
region have rarely been performed. The present study was carried out in
order to focus on the causative factors of minor burns and subsequently
to emphasize the recommendations for multidisciplinary prevention of
these burns.

PATIENTS AND METHODS

A total of 100 consecutive burns, treated between 1 February 1992 and
4 July 1992 on an out-patient basis at the Turkish Organ Transplantation
and Burn Foundation Hospital, were investigated, in order to define the
possible causative factors and their prevention. Since our out-patient
department is one of the most important referral centres for out-patient
burns, the results may provide information regarding the epidemio-
logical pattern of minor burns occurring in our region. Patient data were
evaluated according to age, sex, site of injury, depth of the burn, place of
occurrence and detailed causes. All patients were treated according to a
treatment protocol consisting of premedication and topical therapy with
nitrofurazone-embedded fine mesh gauze following cleansing with
povidone iodine solution (Ugar and Haberal, 1982). All the patients were
followed up until complete healing occurred.
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Results

Fifty-four patients were children up to the age of 15 years and 46 were
over 16 years of age. The female to male ratio was approximately one to
one (Figure 1). Six patients had burns on the head and neck region, one
on the trunk, 31 on the upper extremity and 35 on the lower extremity.
In 27 cases burns occurred in multiple parts of the body. Fifty-seven out-
patients sustained second-degree burns. Thirty-two and 11 had first-
degree or superficial second-degree burns and deep second-degree or
third-degree burns, respectively. The majority of the burns (85%)
occurred at home. Twenty-three home accidents happened in the
kitchen and two in the bathroom. Eleven cases were due to occupational
accidents. Sixty-seven and 12 patients had scalds and flame burns,
respectively. Three electrical and two chemical burns, plus one severe
sunburn were observed. Seven patients had burns caused by hot metal

(Figure 2).

Figure 1. Distribution of the patients according to age and sex

The majority of scalds (33 cases) were due to hot tea or water boiled
for the preparation of tea. Tap water scalding was observed only in one
case following a syncopal attack. Eight burns were caused by spilling of
hot oil or fat (Figure 3). Flame burns were caused by a variety of agents,
including oil (two cases), LPG (four), thinner (one), gasoline (two),
flammable gas (two), alcohol (one).

DISCUSSION

The causes of the burns were related to habitual actions, inappropriate
product design, lack of burn prevention education, and negligence.
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Figure 2. Distribution of patients according to causes

Figure 3. Causes

Scalds were usually caused by spilled hot tea or water boiled for making
tea, and most of the accidents could have been prevented by not serving
tea too hot and by redesigning the dangerous, conventional tea maker,
which consist of one pot on top of the other, as with the dramatic reduc-
tion in the number of scalds achieved following the redesigning of coffee
makers and the introduction of automatic coffee machines (Sorensen
et al., 1976; Klasen, 1986).
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The home was found to be the main place where thermal injuries
occurred, as a result not only of carelessness but also of inappropriate
interior design and the design of kitchen equipment. However, the
absence of burns due to ignition of clothing and the occurrence of only
one tap water scald may be attributed to the success of environmental
control in recent decades. These findings correlated with those reported
by McLoughlin (1987), Lyngdorf (1986) and Katcher (1987).

Lack of parental supervision also had to be considered in the present
study, since children accounted for more than half the out-patients. They
were mostly toddlers and preschool children, similar to findings
reported previously for hospitalized patients (Haberal et al., 1987, 1988).
Flame usually caused burns of the hands and face together, when the
victim tried to throw out the flaming LPG tube or pan because of lack of
knowledge as to how to extinguish the flame. LPG containers still
continue to be a causative factor, although risk could be eliminated by
giving up the irrational method of checking for leakages using a match
or lighter. The use of small containers at home is another aspect of the
problem. Occupational accidents commonly occurred owing to negli-
gence of daily checks and to the employment of unqualified young
apprentices without any education about burn prevention.

CONCLUSION

The present study stresses that a comprehensive approach is necessary
for the prevention of minor burns. The multifactorial occurrence of
burns should be considered when preventive measures are taken. These
should include improvement of the environment by the redesign of
home interiors and certain products, as well as educational programmes.
Occupational accidents can be prevented only by insistence on strict
safety measures.
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Burns in Russia: The statistics and
organization of specialized

medical care

V.A.ZHEGALOV,N. A.PONOMAREVA, V. A. SASCHENKOYV and
A.V.RAZUMOVSKIY

The Republican Burns Centre, Research Institute of Traumatology and
Orthopaedics, Nizhniy Novgorod, Russia

The first specialized burns departments in Russia were opened in
1938-1939 at the Emergency Medical Care Institute in Leningrad
(St. Petersburg) and at the Experimental Surgery Institute of Moscow.
The burns department of the Nizhniy Novgorod Research Institute of
Traumatology and Orthopaedics opened in 1961 and the Russian Burns
Centre was organized in 1966. The main tasks of the centre were investi-
gations into burn epidemiology, the pathogenesis of the burn disease,
improvement of conservative and surgical treatment of burns and their
sequelae, and provision of methodical and consultative help to the burns
centres in Russia.

The burns rate both in Russia and in the rest of the world is constantly
increasing. Over 700 000 burned patients are registered in Russia every
year, of whom 170 000 to 180 000 are hospitalized (40% children). About
15 000 (2%) die of their burns either immediately or in hospital. As a
rule, burned patients, including those who die, are the able-bodied and
children, and the management of burns is a long and expensive process.
Burns, both in Russia and in other countries, are therefore of great social
and economic importance.

At present 75 burns centres with 4000 beds (0.27 beds per 10 000
people) are operative in Russia. Most of the burns departments (88.6%)
have 40-85 beds, and the rest less than 30. Most of the burns centres
(77.2%) are in large hospitals and research and medical institutes, which
makes it possible to use up-to-date methods of diagnosis and treatment
of burns and their complications. The formation and development of the
burn service in Russia are shown in Figure 1.
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Figure 1. Development of specialized burn service in Russia

Among the hospitalized burned patients, 75-80% have superficial and
limited-area full-thickness burns, which can be treated in surgical
and traumatological hospitals. The remaining patients with superficial
and full-thickness burns of the head, face, neck, feet, large joints,
perineum and genitalia and patients with extensive burns of second,
third and fourth degree are admitted to specialized burns centres.

The proportion of patients with both surface and full-thickness burns
ranges from 25 to 35%. Though small, this group causes the staff much
trouble with respect to management and requires the largest financial
and material spendings.

Mostly, patients with burn sequelae are treated at the Russian Burns
Centre in Nizhniy Novgorod and the Vishnevskiy Surgical Institute in
Moscow. In other burns departments such patients are very few (4.5-9%).
The problem of the adequate management and rehabilitation of patients
with burn sequelae is, however, becoming more critical because of the
growing number of patients surviving severe extensive burns and the lack
of specialized beds and experienced surgeons. Every year the number of
patients requiring plastic surgery increases by 8000-10 000. In the last
decade, the primary invalidity rate among burned patients has been 0.1%
(or 0.5% of all individuals with full-thickness burns).
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The most significant sign characterizing the efficiency of specialized
burns centres is the reduction of the indoor treatment period (until final
epithelialization of burn wounds and donor sites) due to more active
management of patients with full-thickness burns (Figure 2). In
1986-1990 the treatment period was 6.5 (from 46.7 to 40.2) and 17.8 days
shorter than in 1981-1985 and 1970-1975 respectively.

In the last decade (1981-1991), total mortality rate both among all hos-
pitalized burned patients and those treated only in burns departments
greatly decreased (Figure 3, lines I, II). The large reduction in mortality
due to full-thickness burns played a major role (Figure 3, line III). The
reduction in length of hospital treatment and the drop in mortality were
due to the introduction of active surgical management of severely burned
patients, especially those with full-thickness burns. Such active surgical
treatment is a complex of different methods aimed at restoration of the
skin within 1-2 months of the trauma, i.e. before the manifestations of
irreversible changes that cause severe complications and death.

This aim has been achieved by:

e rapid release of burn wounds from necrotized tissues by early
necrectomy (with single-step or delayed autodermoplasty) or
necrolysis with chemical, enzymatic or bacteriological agents;

e performing the initial autodermoplasty on prepared wounds of the
functional parts of the body, without the total release of the whole,
often very extensive, burned surface from mummified burn crusts
within 16-20 days post-trauma;

e maximum reduction (to 5-7 days) of the intervals between repeated
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Figure 2. The dynamics of the treatment period of burned patients in Russia. I — patients
with full -thickness burns in specialized departments; II - all burned patients in specialized
centres; III — all burned patients in Russia
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Figure 3. The dynamics of lethality in burned patients in Russia

skin grafting in order to prevent the autoimmune destruction of
autografts and their lysis from aggravating results of the operation;

e enlargement of the maximum volume and transplantation area
during subsequent operations by improvement of the general
condition of severely burned patients and of homeostatic stability;

e providing aseptic donor site wound healing with artificial wound
coverage and biological and other bandages, plus rational use of the
undamaged donor skin;

e use of sparing general intravenous anaesthesia methods during
multiple plastic surgery operations, and prophylactic intravenous
infusion of media and blood in the most traumatic moments of the
operation in order to prevent the development of shock;

e early contracture prophylaxis and functional rehabilitation of the
joints during and after skin integument recovery.

The Russian Burns Centre carries out a large amount of methodical
and consultative work in order to help the provinces. The further devel-
opment and improvement of specialized medical care of burns and their
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sequelae are restrained by considerable organizational drawbacks:
financial insufficiency for burn patient maintenance, the number of staff
in burns centres, their geographical distribution, and their medical and
material supplies. Special efforts and financial support are required to
develop burns departments in those parts of Russia that lack them. It is
necessary to organize new regional centres for early postburn rehabilita-
tion with hospital—clinic complexes for severely burned adults and chil-
dren. The question of outpatient care to burned individuals remains
unsolved because of the lack of burns specialists.

The inpatient treatment of individuals with burns and burns sequelae
is considered to be the most difficult and expensive medical care in the
world. It is not surprising that in highly developed countries the treat-
ment of burned patients is provided by the state at high level. This is not
the case in Russia. The specialities of burns expert and plastic surgeon
are not distinguished in the Health Ministry list of medical professions,
which prevents our organizing and publishing a journal on burns and
their sequelae, research work and achievement of more successes in the
treatment of patients.

The Russian burns experts and plastic surgeons are fully aware of
their tasks and they will do their best to fulfil them successfully. We
hope that the commercial and scientific cooperation with specialists in
the leading foreign burns centres that is now being developed will help
us in our noble joint efforts and produce its mutual benefits.
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Domestic burns due to butane gas
explosion in Algeria

B. MITICHE and R. BOUAYAD AGHA
Service des enfants briilés, C. H. U. Bab-EIl-Oued, Algiers, Algeria

INTRODUCTION

Domestic burns in children due to explosion of gas are relatively
common in Algeria. Reasons for this include:

e Poor housing conditions.

e Widespread use of butane gas which is often defectively bottled
(absence of joints, overpressure), inducing imprudent persons to
open up the bottles to decompress them in the open air, with the
risk of disastrous explosions.

These accidents are always serious (in the present series the death rate
was 40%). Again, there are several reasons:

e Frequency of associated respiratory burns.

Young age of children.

Frequently considerable extent of burns.

Inadequate facilities for admission of burned children in our

country (only one centre for burned children and two for adults in

the whole national territory).

® Burns centres not corresponding to basic standards and not pos-
sessing all the necessary equipment, means and professional staff;
this is related to the economic situation of the country.

MATERIALS AND METHODS

In the 10-year period 1982-91 156 children burned in butane gas explo-
sions were admitted to the Algiers Burns Department. There was a
prevalence of females, which can be explained by the fact that girls
spend more time at home helping their mothers (Figure 1). Pre-school

150



DOMESTIC BURNS DUE TO BUTANE GAS EXPLOSION IN ALGERIA

¥
of

36.5% 63.5%

Figure 1. Sex distribution of patients

children (age 5-6 years) were the most commonly affected: this worsens
prognosis (Figure 2).

Most patients suffered burns to an extensive body surface area (BSA) :
in 75% this was >20% BSA (Figure 3). The majority of patients spent <15
days in hospital (Figure 4). Sixty-three children (40% of cases) died. This
is a high death rate (Figure 5).

A study of the relationship between deaths and age, BSA and length
of hospital stay showed that the majority of deaths (60%) occurred in
children who were <5 years old and suffered burns to >40% BSA. More
than 84% of deaths occurred before day 8 post-burn. This raises the
problem of the frequently associated respiratory burns and of blast
injuries.

In this type of domestic disaster, several members of the same family
are often involved together. The following findings were made:

55%
OF CASES

20%
OF CASES

0 5YEARS 10YEARS 15 YEARS

Figure 2. Age distribution of cases
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Figure 3. Percentage body surface area burned

e five members of one family burned nine times in the series.
e four members of one family burned 25 times in the series.
e three members of one family burned 25 times in the series.
e two members of one family burned 41 times in the series.

OBSERVATIONS

The following conclusions can be reached

1. The frequency of domestic butane gas accidents is essentially due
to socioeconomic reasons.
2. The gravity of prognosis is due to:
a) frequent association with respiratory burns.
b) frequently very extensive burned surface.
c) young age of the children.
d) insufficient number of burns centres and inadequacy of means
and equipment in existing centres.
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16-30 DAYS 27 cases
>1 MONTH 31 cases
95
CASES
27 31
CASES CASES
0 156d 16d 30d 31 d and more

Figure 4. Duration of hospital stay

156
CASES

63

| DEATHS

MORTALITY RATE: 40%

Figure5. Deaths

The best approach to this type of accident is prevention. This depends
on improvement of the living conditions of the less favoured social
classes and on improvement of the taking in charge of burned children,
which requires a more realistic awareness of this type of almost daily
disaster.
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City fires: group burn trauma

OKSANA D. DMITRIENKO and MOPR N. FARSHATOV
Institute of Advanced Medical Studies, St Petersburg, Russia

INTRODUCTION

Cases of group burn trauma are typical results of city fires, occurring
seven times more often than in country areas.

Fire burn injury is characterized by its specific pathology, and great
severity and mortality, and special methods are required to help the
victims.

METHODS

An analysis is presented of burn injuries in St Petersburg over the
10-year period 1981-1990, together with an investigation of 500 cases of
fire burn injuries.

RESULTS

Annually, between 23000 and 42000 burn injuries occur in
St Petersburg (7.4 cases per 1000 inhabitants), representing 5.2% of the
total number of all traumas. Domestic burns constitute 80.9% of all
burns; 5% of the patients are admitted to hospital. Mortality in burns
centres ranges from 8% to 11.7% in adults and from 0% to 1.7% in
children (Table 1).

Injuries occurring during fires accounted for the most severely injured
patients in burns centres, accounting for more than half of all cases

Table 1. Burn statistics in St Petersburg (1981-1990)

Population 5000 000
Burns per year 23 00042 000
Hospitalized 5-6%
Mortality 8-11.7%
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Table 2. Victims and financial damage caused by fires

Russia, 1990

Total number of fires >500 000

Fatalities >10 000

Dangerously traumatized patients >13 000

Financial losses 0.5% of national income
Fires in St Petersburg

Total number of fires 30 000 per year

City:country ratio 711

Domestic fires 92%

Fires in public buildings 8%

Number of victims (1981-1990) 3892

Fatalities in loco (1981-1990) 1079

Fatalities in hospital 39.8%

(55%). Annually, 30 000 fires occur in St Petersburg, 92% of which are
domestic accidents, and 300 persons are burned. One-third of the
victims die in loco, while the mortality rate in burns centres is 39.8%
(Table 2).

The main types of group burn trauma are shown in Table 3: fires in
apartment houses and public buildings; explosions and fires in factories
and work places; electrical trauma; traffic accidents; and breakdowns at
central heating plants.

Table 3. Main types of group burn trauma in St Petersburg

Domestic fires and public buildings 44.0%
Electrical trauma 27.8%
Explosions and fires in factories and work places 17.6%
Traffic accidents 5.6%
Breakdowns at central heating plants 5.0%

Injuries in burn patients may be caused by a combination of several
factors (Table 4). In 402 patients with multiple injuries, 300 (75%) of
these had multifactorial causes and only 102 (25%) were due to a single
cause. The most frequent multifactorial injuries were flame burns com-

Table 4. Causes of injury in fires

Main flame

high temperature

thermal radiation

toxic products of combustion
Subsidiary mechanical injury

electric current

chemicals

low temperature

nuclear injury
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bined with lesions in the respiratory organs and poisoning caused by
toxic products of combustion. Combinations of burn injury with severe
mechanical trauma were rather rare.

The large extent of total body surface area (TBSA) burned was charac-
teristic (see Table 5). More than 20% TBSA was burned in 69.7% of
patients admitted to hospital. With regard to severity, 95.3% had full-
thickness injuries, and 39.2% had fourth-degree burns. As shown in
Table 5, areas of the body in which burns represent a life-threatening
risk were often affected (face, 75.2%; chest, 67.0%; hands, 96.2%; per-
ineum, 40.2%), as well as areas that are cosmetically and functionally
important and a cause of invalidity (face, 39.9% third-A and third-B
degree burns; hand, 76%).

Table 5. Injuries during fires

No. %
Thermal burns (Total = 500)
TBSA >20 % 348 69.6
Full-thickness (third-B degree burns) 479 95.3
Fourth-degree (subcutaneous
tissue, muscle, fascia, bone) 196 39.2
Burns location
Face 376 752
Hands 481 96.2
Chest 335 67.0
Perineum 221 40.2
Inhalation trauma
Thermal chemical injuries of respiratory tract 150 30.0
CO poisoning 37 74
Combination of above 313 62.6
Classification of CO poisoning
Mild (HbCO < 30%) 255 51.1
Moderate (HbCO 30-60%) 225 45.0
Severe (HbCO > 60%) 20 39

All 500 fire victims suffered inhalation trauma: 30% suffered burn in-
juries in the upper airways and damage to the respiratory organs due to
the products of burning; 7.4% had CO poisoning; and 62.6% a combina-
tion of both. The degree of severity of CO poisoning is also illustrated in
Table 5. A total of 22.2% of patients with CO poisoning had ethanol in
their blood.

Multifactorial injuries were characterized by mutual aggravation of
injuries that resulted in a more severe state of health than would be
expected in skin burn injuries (Table 6). In accordance with the general
rule of its course, shock was followed by the rapid development of
severe pathological changes. The clinical signs that prevailed were early
psychosis, respiratory organ disease complications (shock lung,
pulmonary oedema, pneumonia) and disturbances of the protection and
resistance functions of the organism.
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Table 6. General clinical damage

No. %o
Shock 425 85.0
Disturbances in haemodynamics 500 100.0
Disturbances in consciousness 150 30.0
Disturbances in diuresis 278 55.6
Disturbances in respiration 104 20.8

Considerable differences were found between the survival of patients
suffering from skin burn injuries and that of patients with inhalation
trauma. The relationship between mortality and different burn injuries
was established according to their degree of gravity (Figure 1). A brief
period of survival is characteristic of inhalation trauma (Figure 2): 65.6%
of patients with inhalation trauma died during the first 4 days and 30.5%
on the first day (two-thirds within the first 12 hours). The basic causes of
death were shock, pneumonia and sepsis.

The influence of the demographic conditions of St Petersburg is
revealed by the significant proportion of elderly persons involved in
burn accidents, for whom even minor burns may be critical and to a
greater extent also multifactorial. There are one million elderly inhabi-
tants in St Petersburg, and 20% of those hospitalized were in the burns
centres. In pregnant women severe injuries are more dangerous for the
fetus than for the woman. The level of morbidity in the general popula-

Figure 1. Estimation according to Baux index
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Figure 2. Mortality

tion must also be taken into consideration, as most patients aged over 60
presented marked concomitant pathologies.

The system of medical aid in St Petersburg works in two stages: first at
the place of the accident by the emergency service and second in one of
the three city burns centres, where 92% of victims arrived within two
hours of the trauma.

DISCUSSION

Severely injured fire victims create a distinct clinical problem as they
represent a qualitatively independent category of trauma patients. The
concrete quantitative designation of trauma severity is a complicated
problem that has not yet received an optimal and unambiguous solu-
tion. The influence of the general overheating of the body and intoxica-
tion by numerous poisonous products of combustion have not yet been
fully investigated. We need further research in the field of more effective
diagnostic approaches and in medical and technical methods of
treatment.

The main difficulties, i.e. the fulfilment of primary medical measures
and of transportation, increase significantly in cases of group trauma.
The simultaneous medical treatment of several patients creates
difficulties during reception in hospital. Strict observation of the rules of
medical triage is necessary. Treatment according to general plans reveals
the necessity for the careful preparation of medical means and reserves
and for the training of additional teams of physicians and nurses.
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Table 7. Fire disasters in St Petersburg (1986-1991)

Disasters Victims
Major (> 100 victims) - -
Moderate (10-99 victims) 3 51
Minor (2-10 victims) 181 553

Our experience showed that on the basis of the WHO classification
large-scale burns disasters were rare (Table 7). Moderate and minor dis-
asters are typical of city fires. Group thermal injuries due to fires should
be regarded as minor burn disasters. In contrast to everyday trauma to
individuals they require more comprehensive recommendations as to
the organization and performance of pre-hospital and special care for
the victims than are generally adopted. It would appear to be a useful
proposition to prepare action and training algorithms for all levels of
personnel.

The prospect of improving aid to fire victims in St Petersburg
demands further development in the organization of the burns service,
the creation of burns centres nearer residential areas, the institution of
regional burns centres and the reorganization of existing burns centres.

The introduction of the Ozog computer program for forecasting life
expectancy will make it possible to define prognosis (survival or death)
and the period of life and treatment. This is especially valuable in the
event of mass arrival of patients as regards triage, orders for evacuation,
the amount of first aid required and the estimation of the severity of the
disaster.
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INTRODUCTION

Burns still represent one of the leading causes of accidental death.
Severe non-fatal burns can be considered to be among the most devas-
tating of injuries, provoking emotional and physical scarring. In order to
overcome this problem that threatens public health, prevention is more
important than the establishment of high-technology burn units. The
first step in prevention is the investigation of the epidemiological
pattern of the burns affecting people in a given region. The present
study therefore aimed to evaluate the epidemiological pattern of the
in-patients treated in the Burn Unit at the Hacettepe University Hospital,
which has been a leading centre in Turkey, since its establishment by
the senior author of this paper.

PATIENTS AND METHODS

Between 1 January 1979 and 31 December 1991, 1005 burned patients
were admitted to our unit. The data obtained from the charts of the
patients were analysed in order to ascertain the distribution of the
patients according to age, sex and socioeconomic level, as well as
the distribution of the burns according to place of occurrence, complica-
tions and mortality rate.

All patients were treated according to a treatment protocol consisting
of resuscitative measures by means of fluid and electrolyte therapy
according to a modified Parkland formula, dialysis and surgical proce-
dures, together with various topical treatments, including the applica-
tion of silver nitrate incorporated into amniotic membrane (Haberal,
1984, 1986, Haberal et al., 1987).
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RESULTS

Over a period of 12 years, 1005 patients with moderate or major burns
were admitted to our burn unit. Of these, 339 (33.7%) were female and
666 (66.3%) were male. Four hundred and twenty-six (42.4%) were
under the age of 15 years (Figure 1A, B). The socioeconomic status of
the patients was low, middle and high in 29.7%, 63.5% and 6.8% (Figure
2).

Since the incidence of electrical burn injuries in this series was very
high, when compared with other series in the literature, the causes of
the burns were investigated in two groups: electrical burn injuries and
non-electrical thermal injuries (Figure 3). Electrical burn injuries were
found in 208 (20.1%) patients. In the patients with non-electrical burns,
flame burns constituted 52.5% of the injuries, including burns secondary
to LPG explosion (9.9%). Scalding was the second leading cause of
thermal injuries (35.6%, 5.9% and 2.8% of the burns were caused by hot
water, hot milk and hot meals, respectively). The remaining thermal
injuries were due to chemical materials (1.8%), hot metals (0.6%) and hot
olive 0il (0.8%) (Figure 4).

The majority of burns were domestic injuries (64.0% of the patients),
while 25.4% of the burns were occupational and 10.6% occurred
elsewhere.

The overall mortality rate was 34.4%. Non-electrical thermal injuries
were fatal in 303 (38.0%) patients, while 21.6% of patients with electrical

Figure 1. Distribution of patients (n = 1005) by (A) age and (B) sex
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Figure 2. Socioeconomic level of patients

Figure 3. Proportion of electrical and non-electrical burns in 1005 patients

Figure 4. Causes of non-electrical burns
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burns died. The mortality rate of patients with burns caused by hot milk
was the highest, at 61.7%. The most frequent cause of death was sepsis
in both groups. The most important complications in patients with elec-
trical burns were amputations (25.0%) and acute renal failure (14.42%),
whereas gastrointestinal complications were frequently encountered in
patients with other types of burn.

DISCUSSION

Burns are still one of the most important problems threatening public
health. In the present study, children were found to be most frequently
subject to burns. This finding correlates with that of reports from other
countries (El Danaf et al., 1991; Lindblad and Terkelsen, 1990; Tejerina
et al., 1992; Elberg et al., 1987; Clark and Lerner, 1978). Since the socio-
economic levels of the patients correspond more or less to the socio-
economic status of our country, socioeconomic status cannot be
considered a strong risk factor in these series, in contrast to previous
reports by other investigators (Loche et al., 1990; Clark and Lerner, 1978).

The number of electrical burn injuries in our series was higher than
that in other countries (El Danaf et al.,, 1991; Lindblad and Terkelsen,
1990; Tejerina et al., 1992). In the light of our previous studies, this may
be attributed to the higher risk in our country of being injured by elec-
tricity (Haberal 1986; Haberal et al., 1988, 1989). The rate may however
be aggravated because our burn unit is one of the leading centres for
electrical injuries. The distribution of burns due to other causes cor-
relates with those of other countries (El Danaf et al., 1991; Lindblad and
Terkelsen, 1990; Tejerina et al., 1992; Clark and Lerner, 1978). Most of the
burns in the present study occurred at home. This finding concurs with
that of several investigators from other countries (El Danaf et al., 1991;
Lindblad and Terkelsen, 1990; Clark and Lerner, 1978). Although the pa-
tients were treated by all modern treatment materials and methods, in-
cluding emergency haemodialysis, the mortality rate for burns was very
high compared with that of other studies (El Danaf et al., 1991; Lindblad
and Terkelsen, 1990; Tejerina et al., 1992; Clark and Lerner, 1978). This
may be attributed to the late admission of the patients to hospital, which
delayed wound management and fluid and electrolyte treatment and led
to the development of sepsis and acute renal failure.

The mortality rate of burns caused by hot milk was the highest of all
in this series. This confirms our suggestion about the mortality rates,
since milk proteins constitute a rich medium for bacterial growth, if not
removed immediately. The mortality rate in electrical burn injuries was
lower than that of other kinds of burns because of the relatively rapid
admission to hospital of the patients.

This epidemiological study stresses how the importance of burns is
underestimated by the authorities and physicians, who should be
encouraged to take part in burn prevention and management.
Educational programmes for burn prevention should be designed and
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carried out urgently. A special organization for the management of
major burns should be established to decrease the mortality and morbid-
ity rates in our country.
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Burns epidemiology in Syria:
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A survey of burn patients and methods of treatment was performed at
the Al-Kindi state hospital, Aleppo, Syria. The hospital has a capacity of
400 beds and has several divisions, of which the burns department is
our particular concern.

The burns department at Al-Kindi Hospital consists of two operation
rooms, one of which is clean and the other is ‘dirty’. There are four
plunges and the 16 rooms can hold 22 patients. This hospital admits all
kinds of burn patients, both new and old are admitted. After acute treat-
ment, they are transferred to the division of plastic surgery, where re-
construction operations are performed. In the Aleppo Main University
Hospital, from early times until today, the topic of burns has always
been very significant because it is one of the commonest causes of death
and deformation. The treatment of burns begins in the Al-Kindi Hospital
in this division. We cannot however deny that we still see, to a limited
extent, some primitive methods of treating burns based on plants and
chemical drugs made up by grocers, which may cause some confusion
and deformation. Thankfully these harmful methods are becoming
a thing of the past owing to the social progress that has taken
place.

Over a two-year period between 1 July 1990 and 1 July 1992, 492 burns
patients were admitted to the burns department at Al-Kindi Hospital for
treatment by various advanced surgical and medical methods, including
early surgical debridement, early burn cover, antibiotic prophylaxis and
specialist topical treatment.

All burn patients admitted to the hospital underwent blood analysis,
establishment of intravenous lines, analgesia, catheterization for urinary
retention, debridement and incision and prophylaxis for tetanus and
haemolytic streptococcal infections. Treatment was provided by admin-
istering liquids after calculating the burn area by the method of nines.
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The amount of liquid was calculated according to ‘Broock Base’ and
liquids were administered in a solution of Renferlaktan.

The study covered 492 burn patients who were treated in the hospital
and in an outside clinic annexed to the hospital if their burns were of
first and superficial second degree, with an area of < 10%, and patients
were > 5 years of age.

Table 1 shows that the proportion of burns in females is higher than
that in males because of their kitchen tasks. Fifty-two per cent of burns
were caused by gases: this rate is similar to the higher burn rate in
females (52.8%); the burn rate is highest between 14 and 60 years of age,
because this is the age of greatest activity in people.

Table 1. Number of patients and according to age and sex

Age (years) Number Female Male
1-7 192 108 84
7-14 56 32 24
14-60 240 92 148
> 60 4 - 4
Total 492 232 260

Table 2, which concerns the causes of burns, shows that while most
burns were caused by gas (52%), burns from hot water were responsible
for 28.4%, and flaming gas burns caused by kerosene for 11.3%. Fourth
most common were cooking oil burns (6.5%). Other burns were due to
charcoal and wood (1.6%). There was a high percentage of burns from
hot water in children between 1 and 7 years of age (74.2% of all ages).
This percentage is so high because of children’s lack of awareness, par-
ticularly in their early years, when containers full of tea or milk spill
over them while they are playing. There is a high percentage of gas
burns between 14 and 60 years of age (60%) because of the frequent use
of gas with badly manufactured equipment such as kerosene cookers or
rusty gas containers.

Table 2. Causes of burns according to age

Boiling
Age (years) Gas Fuel water Electric Oil Other causes
1-7 60 - 104 - 24 4
7-14 36 - 8 - 8 4
14-60 156 56 28 - - -
>60 4 - - - - -
Total 256 56 140 - 32 8

Another cause of expanding burns is clothes made of flammable sub-
stances and which are much used in our country. These easily catch fire
and cause a high percentage of burns.
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Table 3 considers the relationship between age and burn area. The
high percentage (43.8%) of burns in < 20% of body surface shows that in
our country burns are generally very simple and less dangerous because
there are no serious causes of burns.

Table 3. The percentage area of burns related to age

Age (years) < 20% 20-30% 30—40% 40-50% > 50%
1-7 84 52 20 20 16
7-14 24 16 12 4 -
14-60 100 24 72 16 28
>60 4 - - - -
Total 212 92 104 40 44

Burns to 20-30% of body surface account for 8.6% of cases, while those
affecting 30-40% of body surface account for 21.1%, only 8.1% of burns
affect 40-50% of body surface, and those affecting 50% of body surface
were very few (8.8%).

Table 4, which considers the relationship between age and burn
degree, shows that third-degree burns were the least frequent of all,
while second-degree burns were the most frequent.

Table 4. The degree of burns related to age

Age (years) st 2nd 3rd
1-7 4 184 20
7-14 28 56 4
14-60 64 232 40
> 60 - 4 -
Total 96 476 64

Table 5 indicates that the overall death rate was 14.6%, which is rea-
sonable considering the abundant possibilities.

Table 5. Causes of death according to age

Age Unknown  Inhalation Deterioration
(years)  Mortality causes of gases Septicaemia Shock of health
1-7 28 2 2 10 6 8

7-14 - - - - - -
14-60 44 6 3 7 13 15

> 60 - - - - - -
Total 72 8 5 17 19 23

Among the prime causes of death are, first, the patient’s unhealthy
condition (31.9%), second, shock (26.3%) and, third, septicaemia (23.6%).
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Table 6.

Bandages for Bandages for General Local Without
Month  Number inpatients  outpatients ANO; anaesthesin anaesthesia  anaethesia
Jan 349 245 75 11 2 6 10
Feb 446 352 62 - 2 9 21
Mar 381 306 52 - 3 5 15
Apr 337 276 48 - 4 6 3
May 465 368 56 13 6 2 20
Jun 374 297 41 18 2 4 12
Jul 352 270 42 17 3 4 16
Aug 415 331 59 - 5 5 15
Sep 388 306 61 - 3 5 13
Oct 523 396 104 - 2 5 16
Nov 428 336 78 - - 5 9
Dec 496 387 91 - 4 4 10
Total 4954 3870 769 59 36 60 160

Our study suggests that burns still occupy an important position on
the ‘death list’, and that burns caused in "factories” were very slight, with
most people being burned in domestic accidents.

It is also noteworthy that many patients were unable to come to Al-
Kindi Hospital and therefore had their treatment at home, where most
of them died, especially those with mortally dangerous burns (Table 6).

Our study also includes family burns, some of which caused disasters,
for instance when a gas container burst, leading to a family catastrophe
that killed eight members of one family: father, mother and six children.

In conclusion we can say that the death rate in our hospital was 14.6%,
which is very low compared with the overall burns death rate, because
most burn cases were dealt with away from hospital.

I'look forward to the day when we reach a more advanced level by es-
tablishing an up-to-date modern Burn Unit connected with smaller sub-
units in the suburbs where a patient receives first aid and is then
transferred to a larger burns centre in the city.
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and life prognosis in patients
transferred from the Maghreb to
France, and in all patients admitted to
one Burns Centre in Paris

D. WASSERMANN, F. LEBRETON, M. SCHLOTTERER and

A.CHAOUCH
Centre des Brilés de 1’ Hopital Cochin, Paris, France

French burns centres frequently receive patients from the countries of
North Africa (the Maghreb). These patients are transferred from their
country of origin because of the lack of facilities necessary for their treat-
ment and they usually reach France after long delays due to administra-
tive problems. The delayed initiation of appropriate therapy often
means that the patients are in a critical condition when they eventually
reach a French burns centre: most are in a state of major septic shock. It
would therefore seem important in the long term to assess the medical
validity of the practice of these costly transfers: the money spent might
be better employed in developing more efficient facilities in North
Africa.

We present here a statistical analysis performed at the Hopital Cochin
Burns Centre in Paris in which we compared patients coming from the
Maghreb during the 5-year period 1987-91 with all patients admitted
during the same period.

CHARACTERIZATION OF PATIENTS AND GRAVITY OF BURNS

Fifty-one of the 661 patients admitted during the period in question
arrived from North Africa, i.e. just under 8%. Of these 51, 46 were from
Algeria (90%), three from Tunisia (6%) and two from Morocco (4%). The
Maghreb patients were younger on average than overall (age 31 years vs
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42 years), had more extensive burns (total body surface area burned 40%
vs 20%) and a higher proportion had third-degree burns (25% vs 7%).
The mean number of burned surface units (BSU) was 114 compared with
42 in the total population (Figures 1 and 2).

EPIDEMIOLOGY

The type of accident causing the burn was similar in the two popula-
tions, domestic accidents being the most common cause in both
Maghreb patients and the total population (nearly 70%), while about
20% were due to accidents at work. There was also little difference

Figure 1. Distribution of patients by age

Figure 2. Distribution of patients by burned body surface area
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between the two populations with regard to the causative agent. In both
populations flame burns were responsible for about 50% of the lesions.
There was a slightly higher frequency of burns due to gas explosion in
the North African patients (30% of all burns) than in the total population
(less than 15%). This difference is probably related to living conditions in
Algeria, where most of the patients came from, and where the recent in-
troduction of mains gas into the homes has increased this particular risk.

PROGNOSIS

Figure 3 shows percentage survival in the two populations as a function
of total burned surface. There was little difference between the two
except for a slightly lower mortality in Maghreb patients with burns
affecting more than 80% body surface area; however the number of cases
is small and the finding cannot be considered significant.

Analysis of survival as a function of BSU also showed minimal differ-
ences between the two populations (Figure 4). The only clear difference
was among the most seriously burned patients, among whom survival
was slightly better in the North African population. Interpretation of
these data should, however, take in to consideration the age of the pa-
tients concerned; age is an extremely important factor in the prognosis
of severely burned patients. Since patients from North Africa were
younger than the general burned population, this necessarily improved
their life prognosis.

Figure 5 shows the survival of the most seriously injured patients in
the two populations, severity being expressed in terms of both burned
surface and the number of BSU. Survival differed little, although there
was an important difference as regards mean age. This therefore in fact

Figure 3. Percentage survival in the two populations as a function of burned body
surface area
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Figure 4. Percentage survival in the two populations as a function of BSU

Figure 5. Comparison of the two populations with regard to survival and the mean age
of the most seriously injured patients

indicates a worse prognosis in the Maghreb patients who, despite being
younger, had the same mortality as the total population.

CONCLUSIONS

Comparison of the prognosis of patients admitted in the period 1987-91
after transfer from the Maghreb, in particular Algeria, with that of the
total population admitted in the same period is complicated by the dif-
ferences observed between the two populations. It would appear,
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however, that if we consider the younger mean age of the Maghreb
population this group has an increased mortality rate. This aggravated
risk is probably related to the considerable delays in the transfer of these
patients from North Africa.

Figure 6 shows the distribution of the Maghreb population in relation
to the delay in their transfer to France. It can be seen that although one-
third of the patients arrived in our centre within the first 2 days after
suffering the burn, one-third arrived after 3-7 days and another third
more than 1 week after the injury.

These results argue in favour of a reorganization of the transfer to
France of severely burned patients from North Africa and in particular
Algeria. It is recommended that efforts should be made to limit the
number of transfers and to improve local conditions for the treatment of
such patients. Failing that, it is imperative that action is taken to reduce
delays in transfer.

Figure 6. Distribution of Maghreb patients as a function of delays in transfer
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Analysis of burned children in Libya;
Tripoli burns and plastic surgery
centre

M. M. ZAIDI, A. ABUSETTA, A. BROGOWSKI, P. L. AGRAWAL

and M. R. FRANKA
Burns and Plastic Surgery Center, Tripoli, Libya

INTRODUCTION

Burns are the most devastating of injuries and the burn patient may
suffer from complications for the rest of his life. In spite of recent
developments in burn care, we still see high mortality rates and
significant morbidity in terms of burn complication and functional,
social and psychological impairment. ‘

Burn injuries are a major problem in developing countries and indeed
constitute a worldwide problem. The incidence of burns is increasing
everywhere, and consequently the incidence of burns in children is also
increasing.

Paediatric burns in Libya are a real problem, related to the wide use of
LPG for cooking, house electricity, the use of chemicals in the home, the
use of hot water geysers in bathrooms, large families with many chil-
dren, the widespread social habit of preparing tea at ground level, and
the increased standard of living.

Children are at high risk because of their natural curiosity, their mode
of reaction, their impulsiveness and their lack of experience in the calcu-
lation of risk (Lindblad and Jerkelson, 1990). The care of small children
is dependent upon others. They cannot take care of themselves. Burns in
the home constitute the majority of burn injuries in children, scalding
being the commonest cause. Scalds constitute 64.4% of burn injuries in
children, followed by hot oil (14.8%).

Burns in children are a difficult medical and surgical problem, as chil-
dren can receive deep burns even when exposed to high-temperature
liquids for just a few seconds.
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The purpose of our study is to identify the epidemiological features of
burn injuries affecting children in our population which may be
prevented by implementing preventive measures and by the education
of parents. No study of paediatric burns has previously been reported
from Tripoli.

MATERIAL AND METHODS

This article covers 250 burned children aged 0-14 years, divided into
four groups, 0-1, 2-3, 4-6 and 7-14 years, admitted to our Burn and
Plastic Surgery Center, which is the only specialized centre in Libya for
treating burn injury victims. There are 225 beds for burns and plastic
surgery, maxillofacial and hand surgery. The burn ICU has nine beds:
three isolation rooms and two large rooms with three beds each. Each
room contains an air-fluidized bed, a general bed, a bath set and Striker
beds. There is one operating theatre for the ICU only and one dressing-
room. All beds are equipped with proper monitoring facilities. The ward
is completely isolated, with no visitors. The personnel in the ICU con-
sists of one chief surgeon, one chief anaesthetist, four assistant surgeons
and 29 specialized nurses. All medical care is given free of charge in
Libya.

The criteria for admission to the ICU are extensive burns, inhalation
injury, burns with complications and burns with other systemic prob-
lems.

The paediatric burn ward consists of two large rooms with 15 beds
each and two separate rooms each with an air-fluidized bed.

In the period 1 January 1992 to 31 December 1992 250 burned children
were admitted to the centre. Of these 250, 41 were admitted to the ICU
and the rest to the Burn Department (Table 1).

All patients admitted were resuscitated if necessary according to the
Evans formula, modified for each patient according to the clinical condi-
tion at the time of admission, patient response and age group.

Table 1. Age distribution of admitted patients in burns and plastic surgery centre in
Tripoli, Libya, from 1 January 1992 to 31 December 1992

0-6 yr. 7-14 yr. Total
In Department 156 53 209
In ICU 27 14 41
Total 183 67 250
SUB-GROUP 0-6 years

0-1yr 2-3yr 4-6yr 7-14 yr Total
In Department 25 89 42 53 209
ICU 3 16 8 14 41
Total 28 105 50 67 250
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The local treatment of the burn wound depended on the area involved
(open or closed method). The open method was used for face, scalp and
perineum burns and the closed method for all other parts, with
Flamazine dressing. Early bathing of burn patients is the norm in our
centre.

Further care of the burn wound depended on the depth of the burn.
Superficial partial-thickness burns were treated conservatively. Deep
partial-thickness burns were treated by early surgical intervention. Out
of the 250 patients, 106 were subjected to early surgical necrectomy.
Tangential excision is our method of choice but we also perform fascial
excision in deep third-degree flame burns, the wounds being covered
with skin autograft or homograft from live donors or sheepskin graft. If
the wounds are covered with homo- or sheepskin graft, it is followed by
intermingled autopatch graft every 2-3 days until all homo- or sheep-
skin graft is removed.

Early nutritional support is the policy followed in our centre.

RESULTS

A study of the epidemiological data revealed that the incidence of burns
in Libyan children is quite high, equal to 59.24% of all patients treated in
our centre. The male to female ratio is 1.4:1 in the first and second age
groups and almost the same in the other age groups.

In all age groups, burns due to scalding are followed by those caused
by hot oil and flame. The causes of burn in the different age groups are
shown in Table 2. Scalds were due to hot water or hot tea. Flame burn
was mostly due to gas explosion, followed by petrol fire in older chil-
dren. Almost all the accidents occurred in the home, especially in the
kitchen (96.4%).

Paediatric burns are common in the winter months, from November
to May in the Mediterranean climate. Most of the patients belonged to
large families. Ninety-five per cent of the patients attended hospital
within 3 h of their injury.

One hundred and seventy-one patients (68.4%) had less than 15% BSA
burns; 61 patients (24.4%) had burns in 15-30% BSA; and 17 patients

Table 2. Causes of burns in different age groups

Age (years)

Causes of burn 0-1 2-3 4-6 7-14 Total Y%

Scald 18 70 33 40 161 64.4
Hot oil 4 20 10 3 37 14.8
Fire 3 11 4 13 31 12.4
Electric 2 2 2 5 11 44
Contact 1 2 1 4 8 32
Others 0 0 0 2 2 0.8
Total 28 105 50 67 250 100.0
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Table 3. Percentage of burn in different age groups

Age (years)

Percentage

burn 0-1 2-3 4-6 7-14 Total %
0-15 23 71 37 40 171 68.4
16-30 3 30 7 21 61 244
31-80 2 4 6 6 18 72
=80 - - - - - -
Total 28 105 50 67 250 100.0

(6.8%) had 30-80% burns. We did not observe burns of more than 80% in
any child during this period. The extent of injury in the different age
groups is shown in Table 3.

Most of the scalds were caused by the spilling of hot tea or hot water
while parents were preparing or drinking tea or when hot water was
being carried. Some children were scalded by pulling over the hot water
pot. Most of the burns due to flame were caused by gas explosion (20
patients), six patients were burned as a result of clothes catching fire and
five patients were burned by petrol flames.

In our study, the most common burn site was the head and neck. Site
distribution in the different age groups is shown in Table 4.

Morbidity and hospital stay in burned children were reduced drasti-
cally to one-half or one-third of the time in previous years when we
used only conservative treatment in burn wounds and covered the burn
wound when granulation tissue appeared.

We had no incidence of graft failure in early operated patients. We
perform necrectomy under tourniquet and we also place grafts under
tourniquet. No cases of post-operative bleeding requiring change of
dressing were seen. Patients with small to moderate-size burns were dis-
charged 10-13 days post-burn. The hospital stay of children with burns
of different extent is shown in Table 5. The greater the burn extent, the
longer the hospital stay.

Twenty-four patients died, corresponding to 9.6% of the burned chil-
dren admitted. Table 6 shows mortality in different percentages and

Table 4. Site of burn distribution in different age groups

Age (years)

Site of burn 0-1 2-3 4-6 7-14 Total %

Face and neck 4 15 7 12 38 15.2
Upper limbs 5 1 7 9 32 12.8
Anterior trunk 3 8 8 8 27 10.8
Posterior trunk 2 7 4 4 17 6.8
Buttocks 4 18 1 2 25 10.0
Lower limbs 4 20 10 11 45 18.0
More than one site 3 16 7 11 37 14.8
All sites 3 10 6 10 29 11.6
Total 28 105 50 67 250 100.0
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Table 5. Period of hospital stay (days) in relation to percentage of burn

Percentage burn 1-10 11-20 20-30 3145 > 45
0-15 81 71 5 14 ~
16-30 10 12 25 13 1
31-80 - 4 6 3 4

Table 6. Mortality rate in relation to TBSA and different age group burned children in
the burns and plastic surgery centre in Tripoli, Libya, between 1 January and 31 December
1992

Age (years)

Percentage burn 0-1 2-3 4-6 7-14 Total %

Scald  Flame  Scald Flame  Flame  Flame

0-15 - 1 - - - - 1 0.4
16-30 - 1 2 4 - - 7 2.8
31-80 - 4 - 4 2 6 16 6.4
=81 - - ~ - - - - -
Total - 6 2 8 2 6 24 -
% 25 41.66 8.33 25 - -

Percentage of mortality of admitted children in burns and plastic surgery centre = 9.6%.

burn causes. The relationship between BSA and burn cause shows that
the deaths were most common in flame burn patients in whom burns
were very deep, involving a large surface area, and there was associated
inhalation injury. Twenty-two of the 24 deaths followed flame burn. No
patient died in the first 48 h post-burn. Two patients died on day 5 post-
burn and the other deaths were in the second to third week post-burn.
The main causes of mortality were antibiotic resistance, Pseudomonas in-
fection and septicaemia, followed by bronchopneumonia and gastroin-
testinal haemorrhage.

Post-burn complications such as contractures, hypertrophic scarring
and keloids have decreased owing to early physiotherapy and the use of
pressure garments and neck collars, but the rate is still high.

In many children long-term follow-up is not possible in Libya.

DISCUSSION

Of the 520 patients admitted in the period considered 250 were children,
which corresponds to 48% of all admissions and 59.24% of all patients
treated in our emergency department. This is consistent with other
reports (Bang et al., 1992). This high burn incidence in children forces us
to investigate the causes, patterns and modes of burns in order to insti-
tute preventive measures to reduce their frequency.

In our series, in all age groups, scalding was the main cause of burns,
in contrast to findings in other studies (Iskrant, 1967; Smith, 1969;
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Figure 1. Total number of children in relation to adults seen in Burn Emergency

Figure 2. Percentage of children among patients admitted to Burn and Plastic Surgery
Center

Mackay et al., 1979), where scalding is the main cause of burns in
younger age groups and flame in older age groups. The high incidence
of scalds in children is due to their high activity, longer stay at home
and inability to protect themselves, which is consistent with other
reports (Akhtor and Gang, 1981; Jamal et al., 1990).

Most children suffered burns in the home (96%), particularly in the
kitchen (76%). This is consistent with the findings of Davies (1990), who
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Figure 3. Causes of burn

Figure 4. Table of mortality rate

found that 93% of all burns in children aged under 6 years, occurred in
the home, but contrasts with the findings of Lindblad and Jerkelson
(1990).

The sex ratio in this study corresponds to that reported by Davies
(1990), Learmonth (1979) and Gorem et al. (1988). It appears that very
active and inquisitive boys under 5 years of age are responsible for the
predominant male incidence.

The general pattern of burns in relation to the various age groups is
almost the same in Libya as in western studies and in India (Muir et al.,
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Figure5. Mortality rate

Figure 6. Mortality rate, age distribution

1987; Gupta et al., 1992). Children below one year of age are relatively
immobile and receive burns from hot liquids being spilled on them.

The overall mortality in our study was 9.6%, which is lower than that
reported by Mabogunje et al. (1987) (13%) and Gupta et al. (1992) (19.7%)
but higher than Jamal et al. (1990) (4.3%) and Bang et al. (1992) (3%). The
decrease in mortality and morbidity is not related to a decrease in inci-
dence but is due to recent advances in burn care.

The above study shows clearly that most burns were due to parental
carelessness and negligence. An intensive campaign to make parents
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aware of the dangers of floor-level tea preparing and of allowing chil-
dren to help or play around the kitchen or cooking areas and to play
with matches is necessary to minimize the incidence of burns in chil-
dren. Parents must not ask children to carry dangerous hot liquids (milk,
tea or water). This study reveals that we should provide education for
parents, especially housewives, in order to save children from devastat-
ing injuries. At present we have no organization to promote this
campaign and burn care units must therefore start the work of
prevention. This will go a long way towards reducing the incidence of
burns.
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INTRODUCTION

The majority of burned persons can be treated as outpatients
(McDouglas and Slade, 1978; Shuck, 1978; Haberal, 1984; Haberal et al.,
1987). Outpatient burn care should ideally be given in specialized burn
units, since even minor burns, if neglected, may sometimes cause severe
contractures and scars, particularly in the face and hands. Hypertrophic
scars and keloids are also not uncommon following burns, especially in
children. These very unfavourable late complications of burns can be
minimized only by a team approach. In our centre, burns are managed
in close collaboration with the Department of General Surgery and the
Department of Plastic Surgery. Experienced nurses and physical thera-
pists also belong to this team.

PATIENTS AND METHODS

In our centre, the patients are managed according to a special treatment
protocol. In emergency cases, premedication is administered for relief of
pain and anxiety, particularly in children. A combination of meperidine
HC (100 mg), chlorpromazine (25 mg) and antihistamine (100 mg) is our
choice of premedication (Haberal, 1984; Haberal et al., 1987). In minor
burns tricloryl is given. In the 30-minute wait while sedation is achieved,
a cool, moist, clean towel is placed on the wound, if it has not been
covered previously. Burn wounds are cleansed using povidone iodine
and isotonic saline solution. Silver sulphadiazine or nitrofurazone em-
bedded gauze is applied topically. Finally, the wound is covered with a
bulky dressing which is changed three or four times a week. Data col-
lected on outpatients from 1 January 1989 to 31 July 1992 were analysed
retrospectively.
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RESULTS

Between 1 January and 31 July 1992, 461 patients were treated on an out-
patient basis in the burn unit of the Turkish Organ Transplantation and
Burns Foundation Hospital. Of these, 180 (39.1%) were < 10 years old, 83
(18.0%) in the second decade, 68 (14.8%) in the third decade, 59 (12.2%)
in the fourth decade, 32 (6.9%) in the fifth decade, 17 (3.7%) in the sixth
decade and 21 (4.6%) were over 60 years of age (Figure 1).

Figure 1. Distribution of patients according to age and sex

Patients =< 20 years of age were also evaluated separately, since burns
in children are of particular importance. One hundred and twenty-nine
patients (28.0%) were < 4 years of age, 51 (11.1%) between 5 and 9 years
old, 41 (8.9%) between 10 and 14 years old, and 42 (9.1%) between 15
and 19 years old (Figure 2).

Although there was a variety of causes, the majority of burns were
caused by scalding or flame. Three hundred and forty-two burns (74.2%)
were caused by hot liquids, 46 (10.0%) by flame, 21 (4.5%) by steam, in-
cluding scalds due to explosion of canned goods and pressure cookers,
15 (3.3%) by electricity, 13 (2.8%) by hot metal, and 24 (5.2%) by other
thermal agents (Figure 3). Most of the burns in children were due to
scalding. Burns caused by flame were observed more often in those aged
3049 than in the other decades. Burns due to domestic and occupational
accidents (electricity, explosion of pressure cooker, hot tools, carburet-
tor, LPG, etc.) were mostly seen in young adults.

Three hundred and sixty-eight (79.8%) of the patients had burns in-
volving less than 5% of their body; 64 (13.9%) and 29 (6.3%) had burns to
6-10% and more than 11% of the total body surface respectively.

Second-degree superficial burns occurred in 92 (20.0%) patients,
second-degree deep burns in 360 (78.1%) and third-degree burns in 9
(1.9%).
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Figure 2. Distribution of patients in the first and second decades according to age

Figure 3. Distribution of patients according to cause

DISCUSSION

Burns continue to threaten public health in Turkey. Even though they
are usually minor, they occasionally cause physical and psychological
disorders in individuals and may lead to a reduction in their productive
capacity. One of the reasons why an improvement in burn prevention
could not be achieved in our country is the lack of reliable data on burns
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treated in different centres in Turkey. Since epidemiological studies on
burns are rarely performed, the importance of burns in public health
cannot be sufficiently stressed. Only by means of epidemiological
studies will it be possible to establish the causes of burns and the most
involved groups in the community. Then, on the basis of these data,
effective measures can be taken.

The distribution of burns according to cause and the age of the
patient, as also the seasonal incidence of burns, were consistent with
data obtained from studies performed in another Turkish burn centre
(Haberal, 1985; Haberal et al., 1987, 1988, 1989).

In this study we have shown yet again the high number of children
with burns. This can be attributed to insufficient parental supervision
and education as regards burn prevention. Thorough questioning shows
that the majority of scaldings are caused by hot water poured from
teapots which have been placed carelessly on the table or floor. Burns
due to occupational accidents mainly involved young people, and were
due to inattentiveness and lack of knowledge about burn prevention.

No physician involved in burn treatment should neglect the epidemi-
ological aspect of burns. Burn prevention must be promoted at least as
much as AIDS education. Compared with AIDS, burns cause many
more deaths, while the measures taken for burn prevention are less than
one hundredth of those taken for AIDS. Worldwide health-care pro-
grammes for burn prevention should be scheduled and performed
immediately. Health-care officials and physicians should educate the
people through every available means in the news media.

Prevention is easier and cheaper and gives better results than burn
treatment.
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Computer support in fluid
resuscitation for burn patients

A. BENIGNGO, S. GULLO, R. BRANCATO and M. MASELLIS

Divisione di Chirurgia Plastica e Terapia delle Ustioni, Ospedale Civico,
Palermo, Italy

INTRODUCTION

In the belief that information technology can offer burns specialists valu-
able support in their daily work, we have produced a software program
for fluid resuscitation in burn patients. The computer clearly cannot
replace the physician in diagnostic and therapeutic decisions, but it can
give information and forewarning in emergency conditions and provide
immediate support for the decisions taken.

The module that we present considers resuscitation therapy in the first
24 h in a burn patient not suffering from previous pathologies or any
complications. The module is part of a wider project for the clinical and
therapeutic monitoring of burn disease in all its complexity and
therefore also for patients suffering from previous or concomitant
pathologies.

The program was produced using the therapeutic protocols followed
at the Department of Plastic Surgery and Burns Therapy in Palermo
(Italy). The parameters used were established on the basis of experience
acquired during many years of activity.

THE PROGRAM

The program is in four sections:

1. Input of patient’s personal details and anamnesis. Assessment of
expected therapy.

2. Print-out of predicted therapy in first 24 h with laboratory test
timetable.

3. Input of patient’s clinical data and laboratory test results in first
24 h.

4. Modification/update of patient data.
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Section 1 of the program begins with the input of data listed in
Table 1. When the data have been inserted, the following values are
calculated automatically: time interval between trauma and admission
to the Burns Centre; predicted quantity of infusion fluids; hourly
infusion rate; and the Roi index.

The volume of fluid is calculated on the basis of the formula used in
the Burns Department:

BSA x body weight x 2.5
24 h

The fluid is calculated as equal percentages (50%) of Ringer’s lactate
and plasma protein solution administered alternately during the 24 h. In
the case of patients admitted without having received any fluid resusci-
tation and after a time interval of 3 h the volume calculated is increased
by 30%.

Table 1. Patient data

Personal and physical data

Date and time of burn

Date and time of admission

Percentage body surface area (BSA) burned
Cause and manner of trauma

Previous pathologies and / or associated traumas
Lesions in the respiratory tract

Burns in the face and/ or perineum

Fluids infused before admission

Section 2, after the data input phase, consists of the print-out of a
therapy sheet to be attached to the clinical file, indicating the quantity
and type of infusion solutions plus the blood chemistry tests to be per-
formed, together with time schedules and supportive medical therapy.

The clinical data input section includes data listed in Table 2. The
modification/update section makes it possible to modify any incorrect
data and to add data available only after discharge, as for example data
concerning final recovery.

Table 2. Clinical data

Diuresis
Haematocrit
Arterial pressure
Temperature
Weight
Laboratory tests

ANALYSIS OF THE PROGRAM

Computer management of the patient provides an hour-to-hour assess-
ment of diuresis and of blood gas analysis data, with indications for any
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necessary corrections. Every 3 h an overall evaluation is made of the
various parameters, and an opinion is formulated as to the accuracy of
the predicted quality and hourly quantity of infusion fluids and to any
modifications of pH that may be necessary.

Any therapeutic procedures performed by the physician that are dif-
ferent from those processed by the computer will be automatically ac-
cepted by the program; a record will remain in the data base for future
reference.

When pH is lower than 7.37 it is recommended that bicarbonates
should be infused, according to the formula:

(B. E. x body weight) / 3

Any significant modifications of Pco, > 50 mm Hg and < 30 mm Hg
are reported.

On the assumption that in burn patients not suffering from previous
and/or concomitant pathologies the volume of urine output is one of
the most reliable parameters for the monitoring of fluid therapy, we
regard an hourly diuresis ranging between 0.5 and 1.0 ml/kg as normal.

The urine balance is calculated every 3 h, i.e. on the basis of the diure-
sis of the previous 3 h. In cases of excessive diuresis there should be a
30% reduction in the amount of fluid remaining to be infused, and an in-
crease of 30% in cases of insufficient diuresis (Figure 1).

If mean diuresis in the previous 3 h is greater than the expected range
but there is a trend in the third hour towards reduction, or if mean di-
uresis is lower than the range but the trend in the third hour increases,
the overall balance is postponed for 1 h in order to have a more accurate
calculation of the parameters. In this case the assessment is calculated on
the basis of mean diuresis in the last 2 h (Figure 2).

Calculation of the overall balance is also postponed when the final
laboratory tests indicate plasma hyperosmolarity or hypoglycaemia,

1.0 ml* Kg 0.5 ml* Kg
DIURESIS INFUSIONS
/ + = %
o)
MEAN DIURESI|S ne———— <Z: o = VOLUME/h
3 HOURS o
\r o [——)  + 30 %

Figure 1. Algorithm followed in formulation of recommended treatment
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1stHOUR 2nd HOUR 3rd HOUR

\ +

1.0 ml/h * Kg

0.5 mi/h * Kg \

1.0 ml/h * Kg ’ +

0.5 mi/h * Kg /

Figure 2. Cases in which the prescribed treatment is temporarily suspended or
postponed to the next hour

without any other alterations of blood chemistry, but in the presence of a
diuresis that is greater than or equal to the normal range.

In this case the prescribed treatment is suspended for the next 2 h and,
if hyperglycaemia is adequately corrected, the assessment is made on
the basis of diuresis in the hour when glycaemia returns to acceptable
values (Figure 3).

If it proves impossible to correct the patient’s glycaemia values, the
patient is automatically excluded from the protocol. Patients with
persistent hyperglycaemia as described above and those with diuresis
less than the normal range who present hyperglycaemia and/or hyper-
osmolarity even without other modifications are also excluded (Figure
4), as are those with altered parameters as shown in Table 3, patients
with oliguria or anuria for > 5 h and patients in whom the computer
program is not observed at the prescribed times.

Table 3

increase in BUN > 70 mg/dl

increase in natraemia > 150 mEq/1

increase in plasma osmolarity > 310 mosm/1
increase in urine osmolarity > 1000 mosm /1
reduction in plasma osmolarity < 270 mosm/1
reduction in urine osmolarity < 150 mosm/1
reduction of Po, below 65 mm Hg
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1.0 ml/h * Kg +
HYPERGLYCAEMIA OR
HYPEROSMOLARITY
IN FINAL TESTS NOT
ACCOMPANIED BY OTHER
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|
1.0mlh*Kg HYPERGLYCAEMIA OR
HYPEROSMOLARITY
F} IN FINAL TESTS NOT
ACCOMPANIED BY OTHER
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0.5 mi/h * Kg
|

Figure 3. Cases in which the recommended treatment is temporarily suspended or
postponed to the next hour

~ +
1.0 mi/h * Kg
HYPERGLYCAEMIA OR
HYPEROSMOLARITY
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THAN 3 HOURS
0.5 mi/h * Kg
—
1.0 mih * Kg +
HYPERGLYCAEMIA OR
HYPEROSMOLARITY
0.5 ml/h * Kg
L]

Figure 4. Cases in which the patient cannot be followed up by the program

CONCLUSIONS

The program is intended to be a useful and practical instrument in the
physician’s daily work. It represents the first step in a more ambitious
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plan aimed at the production of a protocol based on multiple and multi-
disciplinary experiences, the reliability of which will be checked and
improved by periodic retrospective revisions of the input data.
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The life-saving potential of
anaesthesiology in burned patients;
classical approaches and new
perspectives

J. POKORNY

Prague Rescue Service, Chair of Emergency and Disaster Medicine,
Postgraduate Medical Institute, Prague, Czecho Republic

Burn and fire disasters, in spite of enormous technical progress, continue
to be a real danger even in our days. They may take the form of a natural
disaster, e.g. a volcanic eruption or a thunderbolt, or they may be
man-made. They cause considerable material losses and mass burn
casualties.

Severe burn injury stresses the victims enormously with pain and
shock and is life-threatening, first immediately after the accident and
later on, during stressful and long treatment. The care of a severely
burned patient starts on the site of the accident immediately after the
injury, with first aid measures. It continues with prehospital immediate
medical care, followed by hospital care, ideally in a burn centre.
Specialized care for burn patients is provided by the burn specialist in
close cooperation with an anaesthesiologist and other medical profes-
sionals, such as internists, clinical biochemists and radiologists.

Thermal injury induces immensely variable pathological changes. The
patient’s fate is determined, above all, by the extent of the burned body
surface, the depth and localization of the burns, and the rapidity of
effective first aid. During the emergency period the burn patient re-
quires immediate and skilled first aid, prehospital immediate care from
adequately trained medical personnel (physicians, nurses), and special-
ized hospital care.

The specialty of anaesthesiology and intensive care plays a significant
role in the care of burn patients from the moment of injury until comple-
tion of reconstructive surgical interventions. In prehospital immediate
care anaesthesiology provides effective analgesia and, in cases of respir-
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atory or circulatory failure, life-saving interventions (cardiopulmonary
cerebral resuscitation). The anaesthesiologist’s skill may be decisive in
the care of patients injured by inhalation of hot vapour or gas, toxic
fumes or ingestion of corrosives. In less serious cases of respiratory
insufficiency the anaesthesiologist initiates and controls inhalational
oxygen therapy. As a member of the Emergency Medical Service (EMS)
car squad the anaesthesiologist is the best qualified person to start resus-
citation of the victim. He has the clinical skill to perform the primary
triage of burn patients and to initiate life-saving measures such as the
opening and securing of the airways, control of lung ventilation with
ventilatory support, if necessary, and also, by inserting the intravenous
life-line, he initiates and controls antishock therapy. In cases of cardiac
arrest, the anaesthesiologist starts basic life support (BLS) or takes over
therapy from first-aid workers and continues with advanced life support
(ALS).

Prehospital emergency care includes the following life-saving and
therapeutic methods used and developed by anaesthesiologists:

e opening and securing the airway;

e checking of lung ventilation and oxygenation, control of artificial
ventilation and inhalational oxygen therapy;

® access into the blood circulation and initiation of aggressive
antishock infusion therapy;

e cardiopulmonary cerebral resuscitation;

e pain-relieving analgesia: ketamine 0.3-0.5 mg/kg, meperidine
05-1.0 mg/kg, fentanyl 0.005-0.01 mg/kg, morphine
0.7-1.0 mg/kg.

In mass burn casualties, an experienced anaesthesiologist may be
authorized to perform the primary triage of victims.

The most extensive task that anaesthesiologists have to master,
however, is the specialized hospital care of severely burned patients,
which is extremely demanding and complex and is provided by a team
of experts cooperating with a burn surgeon. The anaesthesiologist is
irreplaceable in planning and performing analgesia and anaesthesia in
the very frequently repeated dressing changes and in surgery. He is
responsible for the relief from the immense suffering in severely burned
patients not only during their surgical treatments but also in between.

The anaesthesiological care of severely burned patients has specific
requirements to be respected.

1. During the emergency period, shock may last 2448 h. Shock treat-
ment and the patient’s general state must be taken into account
when anaesthesia is vitally indicated.

2. During the emergency period life-threatening complications may
arise. Their prevention and therapy may require continuous moni-
toring of breathing, early tracheal intubation, assisted or aug-
mented artificial lung ventilation or corticosteroids (locally as well
as parenterally).
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3. Owing to the requirements of surgical treatment, anaesthesia has
to be given for many weeks in short intervals for painful dressing-
changes, necrectomies, plastic reconstruction of burned surfaces
and their covering. These surgical operations are stressful,
performed on patients in a catabolic state, and they limit
significantly his nutritional regime. Repeated anaesthesias over-
load the metabolic mechanisms and infection and haemorrhage
may complicate treatment.

4. The tolerance to anaesthetics in an individual weakened by the
burn injury may develop into resistance or hypersensitivity. One
attending anaesthesiologist who knows the patient best should
thus control care throughout treatment.

5. The burn injury causes considerable and long-lasting pain which is
multiplied by the necessary surgical treatment. The anaesthesiolo-
gist must therefore see and monitor the patient in periods between
therapeutic interventions in order to adapt analgesia to the needs
of the patient.

6. Many seriously burned patients after the emergency period
develop malnutrition because of a failure to satisfy the increased
need of nutrients through parenteral nutrition.

7. In spite of maximal efforts to maintain an aseptic regime, infection
may occur and the patient may develop chronic sepsis.

The severely burned patient is subjected to enormous stress, much
more severe than that after planned surgical operations, for a long
period after injury. Survival requires complex and complicated therapy.
This can best be realized in specialized departments and burn centres,
where anaesthesiologists participate in the intensive or resuscitative
care, as well as providing anaesthesiological care.

I will now describe some results of research undertaken in
Czechoslovakia over the last 32 years, results which will in my opinion
contribute significantly to the treatment of severely burned patients in
coming years. The first of our research topics was local and general elec-
troanaesthesia. The team, headed initially by J. Po¢ta and since 1969 by
Jan Pokorny (anaesthesiologists) and by M. Lébl (technician), con-
structed for the experimental period and later for clinical trials a series of
four different apparatuses for electroanaesthesia and developed a
method for clinically applicable general electroanaesthesia. Electrical
impulses, the main anaesthetic agent, are fully non-toxic and without
any after-effects. The most important aspect is that there are no demands
on the patient’s excretory mechanism. The present method comprises
routine premedication, followed by intravenous induction using
minimal doses of some ultra-short acting hypnotic such as diazepam,
flunitrazepam, fentanyl or thiopentone. Initiating with drugs prevents
the excitatory manifestations of induction with electrical impulses only.
After endotracheal intubation anaesthesia is maintained by defined elec-
trical impulses applied to the brain through electrodes fixed on the
frontal and occipital regions of the head. Anaesthesia lasts as long as the
time of release of electrical impulses; it is therefore fully controllable and
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adjustable to any time needed for the intervention. After termination of
electroanaesthesia the patient awakes immediately and a very beneficial
long-lasting state of analgesia follows. Combined general electroanaes-
thesia (CGE) appears to be a good perspective for severely burned
patients because the amount of drugs applied is insignificant so that
there is no accumulation of drugs in the severely stressed patient and
consequently repeated application is possible without any undesirable
side-effects. In Czechoslovakia, CGE was tested successfully in more
than 600 surgical operations of many kinds although not in severely
burned patients. Nevertheless, the excellent results achieved in patients
with serious complicating diseases allow us to recommend the tech-
nique. The apparatus is small and compact, and simple to operate, offer-
ing the well-proven, best combination of electrical impulses. The search
for this combination has been the topic of our long-lasting experimental
and clinical research (Figures 1 and 2).

The second method for improving the care of severely burned patients
with really positive potentials is the result of 12 years’ research headed
by O. Brychta (technician and physicist) and V. Zabrodsky (anaesthesiol-
ogist) on high frequency jet ventilation (HFJV) of the lungs. This
artificial ventilation mode has been studied all over the world as an al-
ternative to the conventional mode for the last 15 years. In the USA.
M. Klain, H. Keszler and J. Smith are investigating HFJV in parallel and
since 1980 they have cooperated with us, as regards its clinical applica-
tion. Brychta is the designer of the apparatus and the theoretical physi-

Figure 1. Czechoslovak apparatus for general electroanaesthesia
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Figure 2. Fixation of frontal and occipital electrodes for general electroanaesthesia

cist. He has elaborated the theoretical basis for understanding the mech-
anism of HFJV. This ventilatory mode integrates the present conven-
tional artificial lung ventilation as it is effective in patients in whom the
conventional mode fails. Its application to the patient’s airway does not
require a sealed tracheal tube — a catheter over the bifurcation of the
trachea or a needle introduced into the trachea through the cricothyroid
membrane is sufficient. By the expulsion effect this method protects the
patient from the aspiration of foreign contents into the lower airway.
Thanks to the same expulsion effect aeration of the lungs may be
restored and maintained. We call this effect ‘programmable lung
drainage’. These properties of the method are of utmost importance for
persons affected by inhalation burn injury. Brychta has solved a very
urgent problem of HFJV, i.e. how to protect the patient from barotrauma
due to possible penetration of high driving pressure into the airway.
Brychta constructed a sensor for continous monitoring of tracheal pres-
sure over the bifurcation with a feed-back to the ventilator which auto-
matically switches off the driving pressure from the patient whenever
tracheal pressure rises above an acceptable level. He has also invented
and constructed the ‘multi-jet generator’, a device enabling the attach-
ment of the high frequency jet ventilator to patients of all bodymass and
age categories, from the newborn to the heaviest of adults. The principle
of expulsion is based on the regulation of the inspiratory—expiratory
time relation during HFJV. The operator may ‘tune’ the machine accord-
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ing to impulsion, if he wishes to transport therapeutic aerosols into the
lower airway as far as the respiratory bronchioles, or to expulsion, if it is
necessary to expel from the peripheral airway secretions, tissue detritus
or aspired foreign content. In severely burned patients, particularly chil-
dren, we were able to solve these problems, which may be of utmost
importance. The high frequency jet ventilator (Figures 3-6) has proved
to be a desirable supplement to therapeutic facilities in a burns centre.
HFJV in severely burned patients may dramatically improve the follow-
ing conditions:

¢ Adult respiratory distress syndrome (ARDS);

e Ventilatory insufficiency due to stiff thorax after burn injury to the
thorax wall;

e Inhalation burn injury;

e Excessive secretions and tissue detritus in the lower airway.

The third contribution to the care of severely burned patients is the
access into the blood circulation for infusion therapy, blood transfusion
and the administration of drugs including anaesthetics through the
spongy bone. The method of intraspongiose (intraosseous) administra-
tion was developed, clinically elaborated and proposed as early as 1943
by the Czech surgeon V. Drasnar, who has received international

Figure 3. Multi-jet generator by O. Brychta; part of the Czechoslovak high frequency jet
ventilator
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Figure 4. Czechoslovak high frequency jet ventilator. Portable type for the Emergency
Medical Service

Figure 5. Czechoslovak high frequency jet ventilator — clinical type
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Figure 6. Czechoslovak high frequency jet ventilator — clinical type with low-pressure
and high-pressure humidifiers

acknowledgement as an inventor in the French and Swiss literature. He
designed the appropriate needle, manufactured since 1958 by the
Czechoslovak producer PREMA (Figure 7). The method provides easy
and rapid access into the blood circulation in burned patients in whom
the skin surfaces covering the veins normally used for veni-puncture
and catheterization are injured. An immediate initiation of fluid therapy
is thus possible on the site of accident and in the emergency period. The
technique of bone puncture is simple and suitable for disaster medicine.
It was popular in the 1950s, but later abandoned. At the Pan European
Conference on Emergency and Disaster Medicine in Budapest in 1992
the Italian paediatrician Ghirga recommended this still neglected
method for children in emergency. He uses an updated model of the
needle for the puncture.
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Figure 7. Set of needles with handles for intraspongiose (intra-osseous) administration
of fluids

The care of severely burned patients is highly demanding, even that of
a single case. In mass burn casualties various measures may serve to
lower mortality and to save as many lives as possible. These measures
include:

e good organization of rescue operations;
e good preparedness of the rescuers;

e early and effective first aid;

e correct triage of victims;

e best medical care available.

There are, of course, great differences in the possibilities of life-saving
which depend directly on the number of victims and the capacities of
the medical service in the territory affected. If the number of victims is
calculated in tens the life-saving chances are much higher than in an ex-
tensive catastrophe with hundreds or even thousands of burned
patients.

In 1983 WHO officially informed governments in a special report that
in a nuclear war no medical system in any country would be able to
provide effective aid to the casualties. Some 60-80% of all the injured
are expected to be burned. The present détente in international relations
and the reduction of the risk of a nuclear war are therefore warmly
welcome. Nevertheless, even in peacetime, mass burn casualties are to
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be expected — as the Mediterranean Burns Club systematically and
realistically warns.
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Efficacy of haptoglobin in haemolysis
and prevention of acute renal
disorders following severe burn injury

MUNEO OHTA and HIROAKI TERADA
Osaka Prefectural Senri Critical Care Medical Center, Osaka, Japan

INTRODUCTION

In Japan recent interest in burn injury has focused on the survival rate,
and the pathophysiology of severely burned patients. The main causes
of death in severely burned patients are sepsis and acute organ failure,
while acute renal failure secondary to haemoglobinuria also occurs as a
cause of death in early stages.

In patients with severe burn injury, the direct thermal destruction of
circulating erythrocytes and their indirect damage due to vascular bed
injury may often cause intense haemoglobinuria immediately after the
burn injury. For this reason the detrimental effects of haemoglobinuria
on renal function should be monitored because of the risks involved.

An injectable solution of haptoglobin, consisting of a-globulin frac-
tions, has been marketed for 6 years by The Green Cross Corporation in
Japan. It is administered in order to prevent acute renal failure due to
haemoglobinuria.

Free haemoglobin is metabolized as shown in Figure 1. This indicates
the significance of haptoglobin: free haemoglobin is metabolized to be
the haptoglobin-haemoglobin complex in the liver. However, when the
amount of free haemoglobin in the serum exceeds the metabolic capac-
ity, owing to the exhaustion of haptoglobin, haemoglobinuria occurs
and the haeme, part of the decomposed haemoglobin, may cause direct
damage to the lower nephron, producing renal failure. This mechanism
of the development of a haemoglobinuria also suggests the significance
of the administration of exogenous haptoglobin solution in severely
burned patients with haemoglobinuria (Funikoshi et al., 1976; Yoshioka
et al., 1985, Aikawa ef al., 1984).
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Figure 1. Metabolism of haemoglobin

The efficacy of exogenous haptoglobin administration to prevent renal
disorders due to haemoglobinuria in severely burned patients was
evaluated in two series of clinically controlled studies.

METHODS AND RESULTS

The first study was performed to determine the clinical efficacy of
resolving haemoglobinuria. Forty-four patients with haemoglobinuria
were divided into two groups on the basis of whether they received hap-
toglobin or not (Table 1). The control group of 19 patients received only
serum while the treated group received haptoglobin in quantities from
200 to 500 ml (285.7 £ 112.5 ml) within the first few hours after burn
injury. No significant difference in background was noticed between the
two groups.

Table1. Patient backgrounds (study 1)

n Age TBSA Burn

(years) burned (%) index
Control group 25 51.0+20.4 53.7+29.6 45.1+305
Haptoglobin group 19 47.5+20.2 48.0+29.1 38.1+27.6

Values are given as mean * s.d.
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Figure 2. Changes in serum haptoglobin (study 1)
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Figure 3. Changes in serum haemoglobin (study 1)

Free haptoglobin concentration in serum was certainly elevated in the
treated group (Figure 2) and the free haemoglobin level in serum (Figure
3) and urine (Figure 4) was reduced to the expected level in these
patients. Deaths due to acute renal failure are shown in Table 2. Deaths
in patients 2 and 4 were due to sepsis. Patient 1 showed an increase in
urine volume, in spite of a fatal burn with 96% burned surface area.
Patient 3 also had renal failure, but this was undoubtedly due to delay in
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Figure 4. Changes in urinary haemoglobin (study 1)

the administration of haptoglobin. There were therefore no deaths due
to renal failure in the early stage after administration of appropriate
doses of haptoglobin. In contrast, five control patients (26%) died of
acute renal failure.

The second study was designed to evaluate renal function on the basis
of seven parameters by comparing two groups divided as above (seven
in the haptoglobin group and eight controls). Again, there was no
significant difference in background between the two groups (Table 3).

The sequential changes in daily urine volume during the first week
postburn are shown in Figure 5. This shows that urine volume tended to
be greater in the treated group than in controls, although the difference
between the two was not significant. One control patient manifested
oliguric renal failure, with less than 400 ml of daily urine volume during
the follow-up period.

Changes in blood urea nitrogen (BUN) are shown in Figure 6. BUN in
the treated patients remained roughly within normal levels during
follow-up, in contrast to the serial increase in the controls with a

Table 3. Patient backgrounds (study 2)

n Age TBSA Burn

(years) burned (%) Index
Control group 8 319+109 788+ 15.0 70.3+187
Haptoglobin group 7 319+11.7 38.9+15.1 62.7+15.1

Values are given as mean + s.d.
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Table 2. Patients developing acute renal failure (study 1)

Group No. Sex B.I.  Causeofdeath Remarks
(age) (date of death)
Haptoglobin 1  Female 96.0 Burn shock Oliguric renal failure from burn shock
(48) (2 dayslater) Urine volume increased by haptoglobin
administration
2 Male 193 Sepsis Oliguric renal failure from sepsis
(57) (9 days later) (7 days later)
3 Male 405 Multiple organ Renal failure — multiple organ failure
71) failure
(7 days later)  Late administration of haptoglobin
(48 h after injury)
4 Male 880 Sepsis Oliguric renal failure from sepsis
(46) (11 days later) (7 days later)
Control 1 Male 815 Burnshock Oliguric renal failure from burn shock
(54) (2 days later) (1 day later)
2 Male 95.0 Acuterenal Non-oliguric renal failure (5 days later)
(64) failure
(9 days later)  Sepsis (-)
3 Female 465 Multiple organ Non-oliguric renal failure (7 days later)
(51) failure
(36 days later) Sepsis (-)
Numerous casts were identified by
necropsy
4 Male 425 Sepsis Oliguric renal failure from sepsis
(24) (7 days later) (5 days later)
5 Male 548 Chronicrenal Chronicrenal failure - Aggravation
(30) failure just after injury
(20 days later)
Figure 5. Changes in urine volume (study 2)
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Figure 6. Changes in blood urea nitrogen (study 2)

significant intergroup difference on days 3 and 7. Two of the eight
patients in the control group developed azotaemia with a BUN of
60 mg/dl or over, resulting in oliguric renal failure in one patient and
non-oliguric renal failure in the other.

Changes in serum creatinine are shown in Figure 7. Patients treated
with haptoglobin showed variations with normal levels throughout the
follow-up period, while the controls showed a serial increase in this
parameter, similar to that seen in BUN, indicating a significant inter-
group difference onday 1 (p < 1) and on days 2 and 3 (p < 0.5).

Figure 8 shows the changes in creatinine clearance. The haptoglobin
treated group showed near normal variations during the follow-up
period, while the controls registered a mean value as low as 32.0 £
7.7 ml/min on day 1, with trends towards gradual improvement until
day 4, with another decrease on day 7. A significant intergroup differ-
ence existed on day 1 (p < 0.1) and on days 2 and 3 (p < 0.5).

Changes in free water clearance are shown in Figure 9. During the
follow-up period, five of the eight control patients and one of the seven
patients receiving haptoglobin had a value over 0.5 ml/min.

The last parameter concerns changes in the excreted fraction of filtered
sodium (Figure 10). In the early phase patients received infusion of lac-
tated Ringer’s solution or hypertonic lactated Ringer’s solution. A pro-
gressive aggravation was noted in two control patients while two
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Figure 7. Changes in serum creatinine (study 2)

Figure 8. Changes in creatinine clearance (study 2)
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Figure9. Changes in free water clearance

Figure 10. Changes in fractional excretion of sodium
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patients in the treated group who had a high value in the early days
postburn tended to improve during follow-up.

In addition to the above results, two of the eight control patients
developed acute renal failure during the follow-up period, while there
were no such cases in the treated group. The two renal failure patients
were classified as one oliguric and one non-oliguric renal failures.

CONCLUSION

The efficacy of exogenous haptoglobin solution in the treatment of
haemolysis and the prevention of acute renal disorders following severe
burn injury was evaluated by two clinically controlled studies.
Haptoglobin produces rapid resolution of haemoglobinuria and
prevented acute renal failure, if it is administered in the early stage at
the appropriate dose.

Consequently, exogenous haptoglobin administration is recom-
mended as an effective prophylactic procedure against the development
of acute renal failure in severely burned patients with haemoglobinuria.
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Effective method of extracorporeal
detoxification in severe burns

E. E. YARUGSKI, A. A. SAIDOYV and V. A. CAREV
Republican Burns Centre, Tashkent, Uzbekistan

INTRODUCTION

The traditional methods of treating burns usually have limited therapeu-
tic effect in patients with severe burns because of the inability of the
kidneys to eliminate toxic metabolites. Haemoperfusion with activated
carbon is more effective, but these sorbents precipitate on their surface
plasma proteins, immunoglobulins, hormones and enzymes, with a con-
sequent unfavourable effect on the patient’s immunity.

Interesting results were obtained following connection of a patient’s
circulation to pig spleen, an organ that determines the detoxificating po-
tential of an animal and has immunomodulative function, synthesizes
antibodies and immunoglobulins and also has phagocytosis and filtra-
tive functions. This procedure was named biohaemosorbtion, or extra-
corporeal connection to pig spleen (ECPS).

Experimental connection to a homologous spleen was performed by
Fine et al. in 1968. The blood from a dog’s femoral artery was perfused
through the donor spleen and returned via the femoral vein. This proce-
dure increased the survival of animals in shock to 90%. Seventeen years
later, Schumacov and Tsypin applied ECPS to two patients with peri-
tonitis. This application confirmed the experimental findings of high
detoxification ability of the pig spleen and stimulation of the phagocytic
activity of the patient’s leucocytes.

MATERIALS AND METHODS

ECPS was used to treat burned patients in the Republic Burns Centre
from 1987. The procedure was undertaken in 315 patients with burns of
third and fourth degree covering 25-95% BSA, with an age range of
1-60. The number of patients with critical trauma was 81, and
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supercritical, 234. Indications for the procedure were severe toxaemia
with pneumonia, myocarditis, hepatitis, intestinal stasis, brain intoxica-
tion, suppuration of wounds and sepsis.

After removing pig spleen under sterile conditions it was canulated
via the arteries and veins and lavage was performed with isotonic NaCl
solution up to 1000 ml containing heparin (10 000 units). Before the pro-
cedure the patients received 1.V. heparin, 300-500 units/kg. Perfusion
was performed on a veno-venous connection for 25-60 min at a speed of
20-40 ml/ min using a roller pump.

RESULTS

After 1-3 ECPS we saw a positive effect of the process: hyperthermia
was decreased, activity was increased, sleep and appetite improved,
breathlessness and intestinal stasis improved and the wounds began to
heal. There was a positive effect in 92% of patients, with improved
breathing in 78% and improved intestinal function in 83%.

A positive effect on biochemical parameters was also seen. The level
of plasma protein increased from 51 * 0.2 to 62 + 0.3 g/1 after ECPS
(p < 0.01). Albumin level remained almost the same (46.7 * 1.6 vs.
47.4 £ 5.6%; p < 0.01), but concentrations of low molecular weight frac-
tion of globulins considerably increased («;-globulins rose from 7.6 £ 1.9
to 9.9 + 1.9, a,-globulins from 11.1 = 1.2 to 12.1 + 1.3 and B-globulins
from 10.1 £ 2.1 t0 15.5 £ 1.2; p < 0.01).

The level of large dispersed globulins decreased from 23.6 + 2.1 to
15.1 £ 2.3 (p < 0.01). The improved protein profile can be explained by a
decrease in the toxic and proteolytic properties of plasma and, probably,
improved protein synthesis by the liver after ECPS. Unlike haemosorp-
tion, there is no increase in hypoproteinaemia after ECPS since only
toxic metabolites are precipitated in the pig spleen. There were also
changes in cellular and humoral immunity. Burns may be considered as
an illness associated with secondary immunodeficiency, when specific
and non-specific defences are reduced. This is one of the main causes of
the animal’s inability to fight generalized infection. Alterations in im-
munity in burned patients are shown in Table 1, which shows that

Table 1. Changes in immunological parameters after ECPS in burn patients

Indices Normal Before After Day 3 Day 7 Day14 1 month
ECPS  ECPS

Phagocytic 571+21 26+32 395%26 522+3.0 549+27 46+41 304x12
activity

of leucocytes

Phagocytic 77%07 3405 56+06 92+09 78+10 60+08 54+1.0
index

Plasma 48.0+24 160£2672+104 128+157 128479 64+42 32%59

lyzozyme

titre
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Table 2.
Indices Before ECPS After ECPS Normal p
Number of leucocytes (g/1) 6.0+04 77+0.6 65+05 <0.05
Number of lymphocytes (%) 164+1.2 269+138 284107 <0.05
(abs) 1062+ 115 1790 + 93 1846 + 111
T-lymphocytes (%) 51£1.3 626+13 65.8+22 <0.05
(abs) 549 + 63 1136 + 39 1215+ 41 <0.05
T-helpers (%) 96+1.0 124 +1.1 18.1+1.0 <0.05
(abs) 102+ 12 222+23 334 +£20
T-suppressors (%) 6.6%03 13109 114+ 1.0 <0.05
(abs) 70+ 11 235+19 270+ 29
B-lymphocytes (%) 149+1.1 178+15 195+15 <0.05
(abs) 139+ 20 314+ 21 360 + 28
B-cells (%) 11+14 201+1.7 20+ 04 <0.05
B-cells (abs) 128+ 1.6 209+1.7 228+0.3 <0.05

before ECPS burned patients had decreased non-specific defence
indices, expressed by a decrease in leucocyte phagocytic activity (LPA)
from the normal 57.1 £ 2.1 to 26 t 2.6%. Twenty-four hours after ECPS
this index increases to 39.5 + 2.6%, returning almost to normal at 3-7
days (correspondingly 52.2 £ 3.0% and 54.9 + 2.7%). After 14 days the
LPA decreases to 46 £ 4.1 and after a month it returns almost to normal.

The phagocytic index (PI) decreases from 7.7 + 0.7 in controls to
3.4+ 0.5 in severely burned patients. The PI increases 24 h after ECPS to
5.5 % 0.6 and 9.2 £ 0.9 in 3 days, that is higher than the normal level.
After 7 days the PI begins to decrease and after a month it reaches
54+1.0.

The blood lysozyme content (BLC) after ECPS increases to 400% of
normal, reaching 800% at day 3-7. On the 14th day the BLC decreases to
50% and after a month it is 32 £+ 5.9%. The blood complement activity
showed no significant change.

All burned patients had depressed cellular immunity, expressed by
reduced levels of T-helper, T-suppressor and B-cells. Humoral immu-
nity improved (Table 3). Severe burns were associated with an increased
level of IgA and IgG and decreased IgM. After ECPS the increase in IgA
and IgG continued while IgM content was considerably changed. In 81
patients with critical trauma, 72 had positive results, while 126 of 234
patients with supercritical trauma improved.

Table 3. Changes in humoral immunity indices after ECPS

Indices Normal Before ECPS After ECPS p

IgA 1.8+0.08 14+01 16+0.1 <0.05
IgG 11.7+ 0.2 120+£12 16.3 + 0.003 <0.05
IgM 15+03 1.1+ 0.009 12+0.1 <0.05
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Value of immune status analysis in the
assessment of burn patients

A. ALEKSEEV
Vishnevsky Institute of Surgery, Moscow, Russia

Parallel to an increase in the infectious processes, secondary immune
insufficiency develops in patients with extensive burns: defects develop
in T- and B-lymphocyte function, immunoglobulins, neutrophil phago-
cytosis and in other non-specific defence factors. Disruption of the
body’s defence mechanisms creates conditions for generalized infection.

Non-specific defence and humoral immunity were analysed in a
complex clinical and laboratory study of 110 patients with 25-80% burns.

In the majority of cases, alterations in the parameters studied corre-
sponded with severity of the trauma and the degree of sepsis. The most
characteristic sign of burn sepsis was disruption of the immune system
caused by alterations in the tissue enzyme system and by mobilization
of compensatory defence mechanisms.

In relation to this, for objective description of the degree of toxaemia,
it is reasonable to determine the levels of antigen-specific circulating
immune complexes in the blood of severely burned patients. Their
formation is directed at the neutralization of the antigens of various
origin, including bacteria.

Levels of caeruloplasmin, IgG and IgE in the blood reflects, on the
contrary, the compensatory disintoxication mechanism of immune
defence.

Objective evidence of major burn sepsis and the critical state of the
humoral defence mechanisms is provided by an increase in the number of
circulating immune complexes in severely burned patients, as shown by
the dynamic test. This is particularly marked before the 20th day and on
days 41-60 post-trauma. Further evidence is provided by the decrease in
the caeruloplasmin level, within terms parallel to the process described
above. They are prognostic and early diagnostic criteria of burn sepsis.

In the further course of the treatment of burn patients, including
active antisepsis and immune correction, we observed a decrease in the
immune complex level. As clinical signs of bacteria began to disappear
we observed an increase in the caeruloplasmin level.
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Early diagnostic criteria of generalized infection include a decrease in
IgG level and a considerable increase in IgE. These serum immuno-
globulins are antitoxic and antimicrobial factors of the humoral defence
mechanism. IgE, in particular, is capable of binding antigens at the level
of the barrier tissue, mainly in the liver. Changes in IgE level depend on
metabolic intensity and the functional loading of the immune system.

Dynamic tests showed a decrease in IgG level until day 41-60 post
trauma, which corresponded to the appearance of the clinical signs of
generalized infection. At the same time, in patients with burn sepsis,
after the period of relatively low IgE levels we observed a sharp increase
in serum IgE, which was considerably greater than in severely burned
patients in the control group. The content of IgM levels in the serum of
severely burned patients showed that the humoral defence mechanism
was activated early, while the IgM level shows that the local immunity
of IgM during the first 20 days post-trauma decreases in patients with
sepsis and extensive full-thickness burns of more than 40% TBSA.
'Delayed’ activation of the immune defence system in this group of burn
patients is a prognostic criterion of sepsis or of its development.

Increase in IgA levels reflects development of local immune activity
and is a diagnostic sign of generalized infection.

We cannot rule out that this is one of the main reasons for the rejection
reaction in sepsis and in particular a cause of lysis of autogenous skin
grafts. The development of burn sepsis is preceded by a decrease in anti-
body formation and by prolonged suppression of the cellular immunity,
particularly the T lymphocytes.

Much attention has been paid of late to analysing the functions of
polymorphonuclear leukocytes. According to many scientists neutrophil
leukocytes constitute the first line of defence against infection.
Absorption of bacteria by the leukocytes is accompanied by a respira-
tory burst, characterized by an increase in oxygen consumption with
superoxide ion formation. This increase is associated with the
phagocytic activity of the leukocytes.

The analysis performed showed that a decrease in superoxide pro-
duction by leukocytes can serve as an objective laboratory criterion for
early diagnosis and prognosis of sepsis and for assessment of the
adequacy of treatment. A progressive decrease in superoxide produc-
tion, beginning on day 10 post-trauma, shown by dynamic observation,
is an unfavourable prognostic sign for the development of sepsis and
requires directed prophylaxis. A decrease in the absolute level of super-
oxide production below normal can serve as an early diagnostic criterion
for generalized infection and, as a rule, it coincides with the clinical
signs of sepsis.

Complex analysis and assessment of the immune status of burn pa-
tients has made it possible to determine some important diagnostic and
prognostic signs of sepsis and to perform early prophylaxis and success-
ful treatment based on intensive antibacterial and immune therapy, cor-
rection of homeostasis and reconstruction of skin integrity soon after the
trauma.
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Immunobacteriological monitoring of
burn patients: a proposed protocol

N. D’ARPA, B. NAPOLI and M. MASELLIS
Ospedale Civico, Palermo, Italy

INTRODUCTION

Septicaemia is the most common cause of death in burn patients. This
problem is a result of the altered relationship between infecting agents
and the immune system. Successful management of burn patients
requires bacteriological control to restrict the risk of infection, and the
immune response must be monitored to allow early therapeutic
intervention.

BACTERIAL MONITORING PROTOCOL

Bacteria in an extensively burned patient have three possible origins:

1. Endogenous. These bacteria have survived the heat of the burn
because they were wedged in the infundibula of the glands or in
hair follicles, from where they have multiplied and spread into the
overlying lesion. They may also originate from the anogenital and
oropharyngeal areas and from healthy skin.

2. Environmental. These bacteria are present in the ward, and colo-
nize the burned areas following admission of the patient.

3. Cross-infection. These bacteria are transmitted from one patient to
another in various ways.

At the Palermo Burns Centre the bacteriological monitoring and control
of the burn patient is carried out as follows. First, on admission, patients
are depilated in the pubic and axillary regions, and if their general con-
dition is good enough they are also showered in a balneotherapy bath,
using antiseptics. A biopsy is then obtained from two sites where the
burns are deepest, and swabs are taken from more supetficially burned
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areas as well as from the anogenital area, the nasal orifices and at some
sites in healthy skin.

The extent of the burn areas is indicated on an outline of a human
form, using different colours or different marking for the different burn
depths. The biopsy and swab areas are also indicated. Bacteriological
findings from the microbiology laboratory are added later at the foot of
the page. Further pages are added over time to produce a complete
picture of the bacteriological situation. The patient is placed in a bed
with sterile sheets.

Local treatment comprises therapy with packs of appropriate anti-
biotic solution, selected according to antibiogram indications, or, if
chemical escharectomy is indicated, with applications of antibiotic sali-
cylate Vaseline. The frequency of medication depends on the develop-
ment of the burn areas. Skin swabs are taken every 3 days and biopsies
every 7 days. Patients are showered twice a week using disinfectant and
antiseptic solutions. General prophylactic antibiotic treatment is initi-
ated on day 5 or 6 following the burn. The choice of antibiotic depends
on the microbiological findings of previous days. Haemoculture is per-
formed in the presence of clinical indications (e.g. altered consciousness,
tendency to abdominal distension, persistence of high temperature for
several days) or laboratory indications (e.g. marked leucocytosis or leu-
copenia, persistent hypoglycaemia), which are possible precursors of
septic shock. '

The venous catheter used for fluid therapy is removed on average
every 3 days if located in a small or medium-sized vessel. It is removed
immediately at any sign of pain, skin hyperaemia or episodes of hyper-
pyrexia, which are possible precursors of phlebitis. A culture test is
always performed on the catheter tip.

Environmental bacteriological monitoring and control

The Intensive Care Unit in the Palermo Burns Centre has its own
autonomous air-conditioning system. Sterile air is delivered to every
room and the humidity and temperature levels can be regulated to
create an ideal microclimate. When a patient is discharged from the ICU
the room is sterilized. Bacteriological research and assessment of the
environmental microbe charge are performed frequently, using:

1. Petri culture dishes (diameter 10 cm) placed in every room for 1 h,
1 m above the floor and 1 m from every obstacle (Fischer’s 1 times
1 times 1 system);

2. An RCS-Biotest sampler which quantifies the bacterial load per
volume of air in the room. The rooms are carefully cleaned twice a
day using appropriate disinfectants. When the room is momen-
tarily empty because the patient is in the operating theatre or
undergoing balneotherapy, the room is sanitized by iodine
vapour and ultraviolet germicide lamps.
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Cross-infection monitoring and control

The medical and paramedical staff are periodically monitored by culture
of nasal and pharyngeal swabs and by microbiological tests on gloves
before and after contact with the patient and items surrounding the
patient.

Acute patients are kept in isolation, one per room. All staff rigorously
observe antisepsis standards (e.g. use of sterile cap, mask, coat and
gloves) every time they come into contact with the patient. The wards
are organized so that staff have at their disposal all material necessary
for the care of the patient. Stainless steel cupboards contain disposable
coats, gloves, linen, dressing material, infusion pumps, drip-feed
accessories, etc.

Every room has a fully equipped medication trolley with all instru-
ments necessary for medication and minor surgical operations. The dis-
posable containers for waste material to be incinerated and for items
such as linen to be washed are meticulously sealed before being
removed from the room.

Every room has its own adjacent toilet with a pedal-operated wash-
basin, W.C. and an automatic device for washing and disinfecting items
used for collecting the patient’s biological products.

IMMUNOLOGICAL MONITORING PROTOCOL

Alterations in the immune system after extensive burns principally
involve the T cell system, and to a lesser extent the B cell system. The
T cells are reduced in number and show reduced non-specific responses
to mitogens, diminished reactivity to cytotoxicity tests, and a massive
release of lymphokines. Neutrophils and macrophages show functional
anomalies that appear to be correlated with increased susceptibility to
serious infections, such as those due to Staphylococcus aureus.

There are also alterations in complement and in the endothelial
reticular system, the cells of which are affected by the drastic reduction
in fibronectin.

IMMUNOLOGICAL CONTROL PROTOCOL

Serological tests are generally performed on days 1, 4, 8, 12, 20 and 30
post-burn in patients with >40% BSA burns and on days 1, 5, 10 and 20
post-burn in patients with <40% BSA burns. The following are tested:
leucocyte distribution, serum protein electrophoresis, fibronectin, com-
plement factors, T lymphocytes and T lymphocyte subpopulations
(T4-T8, NK), T4/T8 ratio, B lymphocytes, IgA/IgE/IgG/IgM and
cortisol. A skin test is performed on days 4 and 20.
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CONCLUSION

It is not always possible to prevent sepsis developing in burnt patients,
and once it does develop it may be fatal. The use of measures that
reduce and verify the action of factors favouring and inhibiting the
evolution of the disease is the objective of the protocols described.

It is clear that the equilibrium between factors that favour and inhibit
infection is also related to other aspects of the disease, such as the
patient’s general condition, the type of intensive care, etc. Our research
must be directed at developing instruments and techniques capable of
reducing the risk of infection and increasing the immune defences.

The monitoring of the immunological response in particular may also
be used as a prognostic index that will make it possible to identify con-
ditions requiring specific therapies (immunomodulants, fresh plasma,
etc.) and to improve possible strategies that take into account the
immunosuppressive effect of certain therapies.
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The expression of HLA-DR, IL-2R,
ICAM-1 and TNF alpha molecules
as possible prognostic elements of
hypertrophic scarring in burns
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INTRODUCTION

Patients suffering from hypertrophic scarring secondary to extensive
burns have to expect modifications in their social and working life,
together with lengthy physiotherapeutic and surgical procedures, in a
background of uncertainty as regards the long-term evolution of the
scars and the quality of the final result. It is thus important to study the
little known aetiopathogenic factors involved, in order to propose new
therapeutic approaches in burn scars.

Clinical observations of burn scar evolution have found that the
hypertrophy begins 1-3 months after closure of the lesions, regressing
over a time period ranging from a few months to a number of years. For
this reason it has become customary to regard temporary hypertrophies
(i.e. regressing within 6 months) as borderline phenomena of scar
pathology, while clinical and laboratory criteria have been used in an
attempt to predict the kinetics of regression of hypertrophies lasting > 6
months (which are considered persistent) (Muir, 1990).

A retrospective survey of cases admitted to our centre did not reveal
any clinical criteria predicting the evolution of scars (Castagnoli et al.
1990). Many researchers attribute an important aetiological role to im-
munological factors, associating the presence of scar hypertrophy with
alleles of the major histocompatibility complex class II antigens, an
increase of circulating immunoglobulins, Langerhans cells and auto-
antibodies (Castagnoli et al., 1990; Cracco et al., 1992; Stella et al., 1989).
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One particularly interesting characteristic of the hypertrophic scar is
round-cell infiltration, which is typical of certain inflammatory
dermatoses associated with anomalous expression of cell activation mol-
ecules on non-lymphoid keratinocytes and cells (Table 1). It was there-
fore decided to characterize cell infiltrates and to analyse the expression
of class II histocompatibility leukocyte antigen (HLA) molecules, the
interleukin-2 receptor (IL-2R), the intercellular adhesion molecule
ICAM-1 and tumour necrosis factor alpha (TNF) (Table 2), using
immunohistochemical methods in biopsies of hypertrophic scars.

Table 1. Dermatological pathologies characterized by leukocyte infiltrates and the
anomalous expression of HLA-DR, ICAM-1 and IL-2R molecules on keratinocytes

Pathology HLA-DR ICAM-1 IL-2R
Lichen planus + + not dem.
Atopic dermatitis - + not dem.
Psoriasis -/+ + +
GVHD + + not dem.
T cell lymphoma + + not dem.
Allergic dermatitis + + not dem.
Mycosis fungoides + + not dem.
Pemphigus vulgaris - + not dem.
Bullous pemphigoid - + not dem.
Tuberculin reaction + + not dem.

Key: not dem. = not demonstrated; GVHD = graft-versus-host disease

Table 2. Activation markers analysed

HLA-DR Antigen of major histocompatibility complex class II (histocompatibility
leukocyte antigen)
Function Presentation of antigen
Expression Activated B and T lymphocytes, monocytes, endothelia

IL-2R Interleukin 2 receptor
Function Immune response activation
Expression Activated B and T lymphocytes

ICAM-1 Intercellular adhesion molecule 1
Function Bond with the leukocyte integrin LFA-1 which permits the
installation of lymphoid cells infiltrating the tissues
Expression Leukocytes, dendritic cells, endothelia

TNF-alpha  Tumour necrosis factor
Function Dose-dependent activator of collagenase, collagen and fibroblast
proliferation
Expression Activated T lymphocytes and macrophages

PATIENTS AND METHODS

Fourteen patients (eight female, six male) with hypertrophic scars
secondary to extensive burns (10-40% BSA) were selected. These pa-
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tients, followed up for >1 year after closure of their lesions and treated
with continuous pressure therapy, presented prominent, erythematous
and often painful scars with varying degrees of contraction, clinically
considered to be active lesions with no signs of regression.

During corrective surgery a number of 5 mm biopsies were removed,
immersed in OCT, frozen in cold isopentane (-70°C) and cut with a
cryostat into 5 um sections. Serial sections were fixed in acetone for 10
min and reacted with monoclonal antibodies (Table 3) at optimal dilu-
tion for 45 min; after three washings incubation was performed with
anti-rat rabbit Ig for 45 min. After further washing incubation was per-
formed with peroxidase-antiperoxidase for 60 min and then with the
substrate AEC (indirect immunoperoxidase method).

Table 3. Monoclonal antibodies

Antibodies Specificity Ig class Distribution

Hot 214 HLA-DR, DP Gl macrophages, act. T, endothelia, B
Anti-CD25 IL-2R p55 G1 act. T, macrophages
Anti-p75 IL-2R p75 G1 act. T, macrophages
SV 48 ICAM-1 ? endothelia, T

SV 49 ICAM-1 ? endothelia, T
Anti-TNF alpha TNF alpha G1 act. T, macrophages
OKTé6 CD1 G1 Langerhans cells
Anti-Leul4 CD22 G2b B lymphocytes
Anti-Leu4+5b CD3+CD2 G1 T lymphocytes
Anti-LeuM5 CD11c G2b macrophages

A quantitative analysis was made by counting the marked cells in two
or three serial cells, considering the epidermis, papillary dermis and
reticular dermis as separate compartments.

As controls, seven biopsies were taken from normotrophic scars and
six were obtained from the healthy skin of patients undergoing plastic
surgery. These biopsies were processed as described above.

RESULTS
Characterization of the infiltrates

The hypertrophic scar samples always contained a much higher number
of infiltrating cells than normotrophic scar or healthy skin samples.
These infiltrating cells included Langerhans cells (CD1), macrophages
(CD11), T lymphocytes (CD3 + CD2), and a few natural killer (NK)
cells (CD56 + CD57). B lymphocytes were not observed. Seventy
percent of the T cells were activated (IL-2R*, HLA-DR*) in hypertrophic
scars compared with 40% in normotrophic scars and 10% in healthy
skin.
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Expression of HLA-DR, IL-2R, ICAM-1 and TNF alpha

HLA-DR, IL-2R and ICAM-1 molecules were expressed anomalously on
keratinocytes in nearly all the samples of hypertrophic scars. IL-2R and
the HLA-DR molecules were also expressed on fibroblasts in the same sec-
tions (Table 4). Keratinocytes and fibroblasts from control samples (nor-
motrophic scars and healthy skin) were negative for these molecules. The
anti-TNF alpha antibody reacted positively with only 8% of the infiltrating
activated macrophages and T lymphocytes, compared with 34.5% of
macrophages in normotrophic scars (Figure 1). Keratinocytes and fibro-
blasts were never positive with anti-TNF alpha antibody.

Table 4. Expression of HLA-DR, ICAM-1 and IL-2R molecules in non-haematopoietic
cells in hypertrophic scars and controls

Tissue Cell type DR IL-2R ICAM-1
(p55p 75)

Hypertrophic Keratinocytes + + foci + foci

scars Endothelia + - +

(No =14) Fibroblasts

Normotrophic Keratinocytes —/+ -/+ —scars

endothelia + - +

(No=7) Fibroblasts - - —Healthy

Skin keratinocytes  — - -

Endothelia + - +

(No =6) Fibroblasts - - -

DISCUSSION

The above findings support the hypothesis that hypertrophic scars are in
an immunologically activated state and that an altered cell response
plays a pathogenically important role in this process.

We found on the one hand, an abundance of activated T lymphocytes
in the dense infiltrates and, on the other, anomalous expression of
certain molecules on the surface of keratinocytes and fibroblasts, which
is another characteristic of cell activation. The activation of the ker-
atinocytes can be attributed to the presence of the infiltrates, which
secrete lymphokines.

It is not certain that the aberrant expression of HLA-DR, IL-2R and
ICAM-1 on these cell types implies their transformation into elements
possessing specific immunological functions such as the presentation of
antigens to cells of the immune system; it also has to be remembered
that ICAM-1 molecules are considered to be necessary for the develop-
ment and maintenance of the immune response.

An interesting finding comes from the analysis of TNF alpha-positive
cells, the production of which according to some reports is reduced in
certain autoimmune diseases (Jacob et al., 1988, 1990). In our study,
although activated infiltrating cells were present in great numbers, the
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Figure 1. Percentage of cells capable of producing TNF alpha and beta in hyper- and
normotrophic scars

percentage of positive cells was low in hypertrophic scars and high in
normotrophic scars.

Recently published research attributes to this cytokine an important
role in the control of fibroblast proliferation (Kovacs, 1991), with a dose-
dependent effect: at low concentrations TNF alpha activates prolifera-
tion, while at high concentrations it inhibits proliferation. TNF alpha
also plays a fundamental role in regulation of the production of collagen
and collagenase, and therefore is extremely important in the modelling
of the architecture of the dermis (Duncan and Berman, 1989).

Our results show that TNF alpha may be critical for normal healing,
and that hypertrophic scarring may be a consequence of its low tissue
production.

In conclusion, this chapter illustrates a series of immunohistochemi-
cally demonstrable alterations that are characteristic of hypertrophic
scars. A follow-up study is now in progress to further analyse these
findings in order to provide precise prognostic elements regarding the
evolution of pathological scarring.
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Prediction in burns outcome: a new
prognostic index

V. STAVROPOULOU, J. DASKALAKIS and J. IOANNOVICH

Centre of Plastic Surgery and Microsurgery
General State Hospital of Athens, Greece

INTRODUCTION

The importance of prognostic indices for burns consists not only in their
prediction of the outcome in an individual patient but also in the
distribution of patients in comparable groups of severity for therapeutic
and research purposes. Although prediction of the outcome in an indi-
vidual patient is the first and most pressing question of the patient’s
family, the quantitative measurement of the patient’s illness using these
indices is of great importance for the burn centre to decide its thera-
peutic policy, to evaluate new therapy and the quality of patient care,
and to estimate the cost of its services.

The more accurate an index, the more useful it is for this latter
purpose. For this reason several burn indices, based on different statisti-
cal methods, are today compiled and computerized, in an effort to be
more accurate in prediction. Nevertheless the most accurate prognosis in
a burn centre is achieved using one of the known indices, adapted to its
particular needs and conditions, or by producing a new index that is
continuously updated.

MATERIALS AND METHODS

Three hundred and forty-two patients admitted to the burn centre of the
General State Hospital of Athens during the period from July 1989 to
July 1992, suffering from thermal burns (electrical and chemical burns
were excluded) were studied. One hundred and forty patients were
females (41%) and 202 were males (59%). The distribution of patients by
age and extent of burn is shown in Tables 1 and 2.

Three hundred and thirteen patients (92.1%) did not present with
inhalation burn, although 52 patients had suspicious symptoms and
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Table 1. Age distribution of patients

Age (years) No. %
<15 10 29
16-20 14 4.1
21-30 72 21.1
3140 58 17.0
41-50 64 18.7
51-60 49 14.3
> 61 75 21.9

Table 2. Patient distribution by extent of burn

% TBSA* No. %

<10 168 49.1
11-30 109 31.9
31-50 33 9.6
>51 32 9.4

2 TBSA, total body surface area

their respiratory system was thoroughly examined. Eight per cent of our
patients had an inhalation burn, confirmed by clinical symptoms and
abnormal blood gases. Eight required a respirator.

Mortality according to burn extent is given in Table 3. In our sample,
for the determination of the survival rate, we applied the usual burn
indices (Fisher-Bull, Baux, BUS-UDB, Stern, ABS], Bowser, Roi, Clark),
as well as the APACHE II severity index, which in fact is used in the
ICU for non-burn patients suffering from simple or multiple organ

Table 3. Patient mortality related to extent of burn

% TBSA No. deaths %

<10 5 3.0
11-30 15 13.8
31-50 7 21.2
>51 23 71.9
Total 50 14.6

Table 4. Prognostic indices used

Fisher-Bull (1954, mod. 1971)

Baux (Baux, 1961)

BUS-UDB (Sachs and Watson, 1969)
Stern (Stern and Waisbren, 1978)
ABSI (Tobiasen et al., 1982)
Bowser (Bowser et al., 1982)

Roi (Roi et al., 1983)

APACHE I (Knaus et al., 1985)

Clark (Clark et al., 1986)
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Table 5. Author’s hit rates (%)

Stern ABSI Bowser Clark
alive dead alive dead alive dead alive dead
Author’s 98.7 752 97.5 78.4 95.8 79 94 74
sample
Our 97.8 69.4 95.2 65.3 97.5 68.1 97.5 57.8
sample

system failure (MOSF) (Table 4). While some of these indices are empiri-
cal, others are based on statistical methods such as logistic regression,
probit analysis and discriminant analysis. The parameters taken into
account in the indices we used in our sample are shown in Table 5.
Clearly the burn indices include mainly empirical parameters, but
APACHE II also includes precise clinical and laboratory measurements.

We used these indices as reported by their authors, according to their
instructions and restrictions.

e For the Fisher-Bull index the mortality probability chart was used,
as modified in 1971.

e For the Baux index inhalation burns were excluded.

e For the BUS index we predicted mortality from the authors’ sur-
vival table in their original paper, taking into account the age of the
patient.

e For the Stern index patients < 20 years old were excluded and the
probability of survival was derived from the author’s survival
curve.

e For the Roi index the total burn model was used without consider-
ing perineum involvement, because of the lack of data.

e For the Clark index the symptom score was used and not blood
carboxyhaemoglobin concentration.

e For the APACHE II index, after calculation of the z-score, we tried
to find the probability of death using in the final equation the
constants of multiple trauma, infection and sepsis.

RESULTS AND DISCUSSION

The calculated hit rates of the indices (Figure 1) were generally raised.
Most had a high hit rate for survivors, but an inferior rate for non-sur-
vivors, except in the Baux index, which seems to be more accurate in
predicting death. The most unreliable of them all, especially for predict-
ing death, was APACHE II, which underestimated the severity of burn
injury even when calculated with the most unfavourable constant of
sepsis. There are probably two explanations for this. On the one hand it
neglects the extent and the depth of the burn, which are significant de-
terminants of mortality. On the other hand, like all ICU indices, it is
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Figure 1. Hit rates of different indices
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Figure 2. Overall hit rates

reliable in predicting the outcome of critically ill patients, but not the
outcome of patients with long-lasting diseases. The overall hit rates of
Baux and APACHE II indices were under 90% (Figure 2). All the other
indices had hit rates ranging from 90.8% to 94.4%. The hit rates given by
the authors in their samples are considerably higher in predicting non-
survivors than our hit rates, when the same indices were applied to our

Table 6. Variables used in different indices

Variables Bull Baux BUS Stern ABSI Bowser Roi Clark APACHE Vergina
II

+

+
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+
+
+

Age + + - +
TBSA + + + +
Full thickness

burn - - + _
Inhalation burn - - - -
Sex - - - -
Clothes ignition  ~ - - -
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Temperature - - - - -
Arterial pressure — - - - - - - -
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Respiratory rate - - - - - - - -
Po, - - - - - - — -
pH - - - - - - - -
K* - - - - - - - -
Na* - - - - - - — —
Creatinine - - - - - - - -
Ht - - - - - - - _
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sample (Table 6). This phenomenon may be explained by the fact that
the indices were applied to different samples and in centres with differ-
ent treatment standards. We agree with other researchers that every
burn centre must adapt an index to its conditions and update it continu-
ously. We believe that the most accurate prognosis in a burn centre
is achieved by using prospectively an index that was produced there
retrospectively.

A new prognostic index (Vergina)

For the reasons discussed above, we produced a new prognostic index
(Vergina). To determine mortality we used in the final equation the vari-
ables previously reported to be statistically significant for the outcome of
the patient (Table 7). These variables can be classified into three groups.
The first includes general factors common to all burn indices. The other
groups include variables which are affected by the pathophysiology of
the burn and indicate the degree of haemoconcentration and the condi-
tion of respiratory and renal function on admission (Table 8). Any delay
in the initiation of treatment influences these conditions as well as the
outcome in the patient. A combination of all these variables was used in
a predictive model, using discriminant analysis, and we developed an
equation to discriminate between survivors and non-survivors.
Discriminant analysis has already been used by researchers such as
McCoy et al. (1968), Bowser (1989) and it has the following advantages:

1. It is multifactorial and therefore allows the incorporation of several
predictive variables in a probability model.

2. It is more accurate in the prediction of death (hit rate ranges
86-90%). This accuracy enables us to evaluate a new therapy,
quickly detecting small differences in the mortality, as proposed
by Moores (1975), Feller and Clark.

3. When using discriminant analysis fewer cases are required to
obtain accurate predictions (Clark et al., 1978).

Table 7. Variables of Vergina index

A TBSA General factors
Full thickness burn
Clothes ignition
Age
Temperature
B Inhalation burn Indicators of respiratory
Respiratory rate function
Po,
pH Indicators of renal
function
K*, Na*
C Ht Indicators of
WBC haemoconcentration
Arterial pressure
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Table 8.

Variables Coefficients
TBSA -0.01748805
Full thickness burn 0.07273792
Clothes ignition 0.4307554
Age 0.03374205
Temperature 0.4294271
Inhalation burn 0.3057051
Respiratory rate -0.036137
Po, -0.02906271
pH 3.376499

K* —0.3345974
Na* -0.02858629
Ht -0.0115716
WBC 0.00002831902
Arterial pressure 0.007064892

Table 9.

z = Constant + Co,.V; + Co,V, + ...; (Co = Coefficient, V = Variable, Constant = —4.708813)

z > 0: Death
z < 0: Survival

A score is derived from the multifactorial equation shown in Table 9,
which includes the 14 significant variables, appropriate coefficients and
a constant. Once the z-score is calculated, reference to the survival curve

0.5 A

Z score

—4.50

p = probability of death

0 corresponds to 50% probability of death

Figure 3. Survival curve
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Table 10. Hit rate

Predicted alive Predicted dead
Survived 272 267 (98.2%) 5 (1.8%)
Died 37 4 (10.8%) 33 (89.2%)

(Figure 3) predicts the mortality. Our results are shown in Table 10. The
overall correct classification was 97.1% (Figure 2). The accuracy of the
Vergina index is obvious from its high overall hit rate, but it is also
important to emphasize its reliability for the prediction of death (hit rate
89.2%, the highest of all the proposed burn indices; see Figure 1). The
Vergina index can be continuously or occasionally updated.

CONCLUSIONS

The usual burn indices are sufficiently reliable but the Vergina index is
more accurate in the prediction of mortality in burn patients, because it
considers objectively and in detail the patient’s general condition at the
time of admission. The predictive accuracy of APACHE II index in
burns is poor.
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What is hazardous in fire smoke?

J. W. L. DAVIES
International Society for Burn Injuries, Glasgow, Scotland, UK

Most people are familiar with the situation where an elderly, infirm or
intoxicated person falls asleep or otherwise becomes unconscious in an
arm-chair while smoking a cigarette. The falling cigarette or a non-
extinguished match then ignites the fabric covering the chair and
subsequently the chair itself.

To investigate what then happens a mock structure of a room (3 m x
3 m x 3 m) containing such a covered chair was constructed and instru-
mented to measure the temporal changes which occur in the room after
the chair has been set alight. The measurements included temperature,
smoke production, which progressively obscures visibility, and the
chemical constituents in the air. The amount of air which can enter the
room is controlled by a door which can be left open or progressively
closed.

In one series of experiments a polystyrene chair was padded with
polyurethane foam and covered with a cotton fabric. The door of the
room was left wide open allowing the free access of air. The pattern of
changes in oxygen concentration in air, smoke density and heat flux for
the first 15 min after ignition of the fire are shown in Figure 1. The heat
flux at the doorway was high, peaking at about 6 kW /m? (0.6 W/cm?).
The air temperature at the doorway rose rapidly during the first 5 min
after ignition, peaking at just over 500°C (Figure 2). This peak tempera-
ture, and the average temperature 4-5 min after ignition, were above the
heat tenability level of about 350°C; at this temperature radiant air
produces almost instantaneous full skin thickness burns. The density of
the smoke leaving the room rapidly increased, such that by only 2 min
after ignition the obscurity limit (0.5 m™') had exceeded the tenability
limit. By 4 min the smoke density had increased to seven times above
the limit, and this peaked at over 10 times the limit by about
6 min. The smoke tenability limit is composed of two factors: the content
of carbon particles having a respirable fraction ranging between 0.1 and
10 um and the content of chemicals which irritate mucous membranes
(see below).
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Figure 1. Smoke, heat and gases during single chair room burn. Data provided by
DrD. A. Purser (1988) in a personal communication

Tempeature
~c

¥ T T T ¥ T T T 7
800 —
f‘-"\
i ~
~
/ ~
z N~ Temp.
400 |- ~
V4 ~
/ Hear
y Tenability By
4 limit ~ =
S~
:/ ~
200 |- 7 -
<
Z Smake
b < Tenabilty #mit —
L —
° 1 N I I
1 2 3 - 5 s 7 8 8 10

Time tmin}

Figure 2. Physical. Data provided by Dr D. A. Purser (1988) in a personal communication

The air content of gases just inside the room during the first
10 min after ignition are shown in Figure 3. The changes peaked at
between 5 and 6 min. The oxygen content decreased to about 12.5%, the
CO, content increased to about 8%, the CO content peaked at about
0.65% and the HCN content reached almost 0.02%. These four changes
in concentration all have a narcotic effect. The biological effects of these
changes, which are concentration dependent, are shown in Table 1.

In another series of experiments in a mock room structure, about
200 kg of mixed household structural and furnishing materials were
ignited in conditions where the supply of air to the room was strictly
controllable. When the air supply was restricted the oxygen content in
the room air fell to about 10%, the production of CO reached 8% and

244



WHAT IS HAZARDOUS IN FIRE SMOKE?

HCN CO CO2 &
% % 02%

02 20 20 ! LI

02
015 1.6 15| —
01 10 110} - . con
[l co
NE:

005 06 6

Time {min}

Figure 3. Narcotic gases during early stages of a single armchair burn. Data provided by
Dr D. A. Purser (1988) in a personal communication

that of carbon monoxide reached 1.5% (Figure 4). The biological effects
of these gas contents can be determined from Figures 4-6. The ambient
temperature (Table 2) at the location of the partly open door which re-
stricted the air supply rose to 1165°C by the end of the second minute
after ignition and then stabilized at between 875 and 839°C over the sub-
sequent 4 min. The quantity of combustion products, calculated from
the smoke content, emanating from the room increased continually to
1560 m3/min during the sixth and seventh minutes after ignition of the
fire.

When the air supply to the room was completely cut off (Figure 5) the
burning fire reduced the oxygen content in the air to less than 2%, the
CO, content reached 17% and the CO content reached 3%. Reference to
Figures 4-6 shows that each of these factors alone would cause
unconsciousness within seconds and death within a very few minutes.

The availability of oxygen controls how a fire will burn: with a scarce
supply of oxygen a fire will smoulder, with an ample supply of oxygen
there will be a flaming fire. Comparatively speaking, a smouldering fire
has a relatively low burning temperature (400-700°C) whereas a flaming
fire can reach over 1000°C. The effects of combustion of a wide variety of
polymeric materials at differing temperatures are shown in Figure 6,
from which it can be seen that smouldering fires produce chemically
complex decomposition products whereas higher temperature fires
convert the complex products into simpler compounds.
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Table1. Changes in air gases and their effects. (Information modified from Fire Safety
Journal, 1984, 7, pp. 271, 283)

Parameter Effect

Oxygen level (%)
21 Normal concentration in air
12-15 Shortness of breath, headache,
dizziness, quickened pulse, fatigue
on exertion, loss of muscular
coordination for skilled movements

10-12 Nausea and vomiting, exertion impossible,
paralysis of motion
68 Collapse and unconsciousness, but rapid
treatment can prevent death
<6 Death in 6-8 min
2-3 Deathin45s
Hydrogen cyanide level (%)
0.004-005 Tolerate for 30-60 min without difficulty
0.011-0.013 Death after 30-60 min
0.018 Death after 10 min
0.028 Immediate death
Carbon dioxide level (%)
0.025-0.035 Normal concentration in air
25 Ventilation increased by 100%
5.0 Symptoms of poisoning after 30 min: headache,
dizziness, sweating
12.0 Immediate unconsciouness; death in minutes
Carbon monoxide level (%)
0.04 Nausea after 1-2 h; collapse after 2 h;
death after 34 h
0.10 Difficulty in movement, death after 2 h
0.20 Death after 45 min
0.30 Death after 30 min
0.50 Rapid collapse, unconsciouness, death

within a few minutes

Table 2. Temperatures and estimates of mean flow of combustion products during test I

Time interval (min)

0-1 1-2 2-3 34 45 5-6 67

Mean estimated flow

(m?/ min) 55 415 1015 1385 1505 1555 1560
Temperature °C
(end of interval) 143 1165 875 865 853 839 -

When household materials made of wood, cotton, silk, rubber etc.,
and man-made plastic materials (which are also frequently used in
industry and transport equipment such as cars, trains, aeroplanes and
ships) burn in a confined space there is not only a depletion of oxygen,
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Figure 4. Concentrations of oxygen, carbon monoxide and carbon dioxide at room exit.
Figure previously published in Fire Safety Journal (1984) 7, 278

very high temperatures, large volumes of smoke which obscures vision,
and high levels of carbon monoxide and carbon dioxide but also the
production (often in copious quantities) of the compounds listed in
Table 3. The combustion of cellulose, polypropylene and acrylic materi-
als produces acrolein (allyl aldehyde; Table 4), a compound which is
intensely irritant to mucous membranes in minute quantities. Another
highly irritant compound is hydrogen chloride (Table 4) which in the
presence of water produces an acid solution which at concentrations of
between 0.1 and 0.2% induces dangerous lung oedema.

Many of the decomposition products shown in Table 3 irritate the
bronchopulmonary tract, the most dangerous compounds being
formaldehyde, acetaldehyde, acrolein, ammonia, isocyanates, hydrogen
chloride, phosgene, chlorine, hydrogen fluoride and octafluoroisobuty-
lene. The latter is evolved from non-stick (Teflon) surfaces when they
decompose at temperatures > 200°C. One of the more dangerous charac-
teristics of these bronchopulmonary irritant compounds is that they
induce hyperventilation, which increases the inhalation not only of air
but also of all the narcotic and irritant chemicals found in fire smoke.
The most troublesome chemicals in smoke and their generally accepted
toxic levels are given in Table 5.

Three other groups of chemicals found in fire smoke are likely to be
highly toxic: the complex compounds found in smouldering fires (at
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Figure 5. Concentrations of oxygen, carbon monoxide and carbon dioxide close to fire in
closed room. Data previously published in Fire Safety Journal (1984) 7, 278

combustion temperatures below 700°C, Figure 6), a series of chemical
elements, and the super-active free radicals.

Complex molecules

Gas chromatographic/mass spectrometer analyses of fire smoke have
shown the presence of a multitude of compounds (Figure 7), at least 24
of which are of relatively low mol. wt (containing 2-10 carbon atoms).
These have been condensed into six groups (Table 6). These compounds
persist in smoke because the atmospheric oxygen content is so low that
their oxidation or conversion to simpler compounds cannot take place.
A not inconsiderable number of these complex molecules have been
found in the blood of fire fatalities (Figure 8), the presumption being
made that the person inhaled sufficient smoke prior to death for these
compounds to have crossed the tissue/cellular barrier between the
inhaled air and the blood stream. Only about half of the peaks observed
in Figure 8 have so far been identified.
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Figure 6. Important temperature zones during thermal decomposition of various
polymers. Figure contained in UK Fire Research Station report, Basic Aspects of Combustion
Toxicology

Chemical elements

Neutron activation analyses have shown a wide range of chemical ele-
ments in the tracheas of fire fatalities (Willetts et al., 1982). Compared
with the findings in non-fire fatalities, such individuals show increased
concentrations of antimony, bromine, cadmium, chromium, cobalt, gold,
iron, lead and zinc. The toxicological ramifications of these findings have
not yet been determined.

Hyper-reactive free radicals

The smoke derived from burning plant materials [wood, cotton, plant
leaves (including tobacco) etc.] contains highly reactive free radicals
in both the particulate and gas phases (Church and Pryor, 1985). The
particulate materials are retained by a glass fibre filter with a pore size of
0.1 um whereas the gas phase passes straight through the filter.

The principal free radical in the particulate matter is the relatively
stable quinone-hydroquinone complex, which is an active redox system
capable of reducing molecular oxygen to superoxide, then to hydrogen
peroxide and finally to the hydroxyl radical. The gas phase contains
small oxygen- and carbon-centred radicals that are much more reactive
than the particulate phase free radicals. Apparently these gas phase free
radicals, which can be detected by electron spin resonance spectroscopy,
are not produced directly in the fire but result from the oxidation of
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Table 3. Some of the toxic compounds in smoke

Material Location Decomposition products
Cellulose Wood, Paper, Cotton Aldehydes, Acrolein
Jute
Wool, Silk Clothing, Fabrics Hydrogen cyanide, Ammonia
Blankets, Furniture Hydrogen sulphide
Rubber Tyres Hydrogen sulphide
Sulphur dioxide
Polyvinyl Upholstery Hydrogen chloride
chloride Wire and pipe covers Phosgene, Chlorine
Wall, floor and
Furniture fabrics
Polyurethane Insulation and Hydrogen cyanide, Ammonia
Upholstery filling Isocyanates, Acrylonitriles
Polyesters Clothing and other fabrics Hydrogen chloride
Polypropylene Upholstery Acrolein
Carpeting
Poly acrylonitrile Various plastics in the home Hydrogen cyanide
and at work
Polyamide Clothing and Hydrogen cyanide,
(Nylon) Carpeting Ammonia
Polyvinyl-fluoride Cabin fittings in aircraft Hydrogen fluoride

Melamine resins Household and Hydrogen cyanide, Ammonia
Kitchen goods Formaldehyde

Acrylic Textiles, wall coverings, Acrolein

materials Aircraft windows

Table 4. Compounds causing irritation to the mucous membranes

Acrolein® (p.p.m.)
1

Immediately detectable — irritation

55 Intense irritation
210 Death in a few minutes
24 Unbearable
Hydrogen chloride (p.p.m.)b<
5-10 Mild irritation of mucous membranes
50-100  Barely tolerable
1000 Danger of lung oedema after short exposure

2 Data from the UK Fire Research Station Report, Basic Aspects of Combustion Toxicology.
b Information previously published in Fire Safety Journal (1984) 7, 283

< The effects of HCl are primarily irritation of upper respiratory passages. High
concentrations result in eye irritation. Fatal lung injury has been reported following a
single massive exposure. Atmospheric concentration immediately hazardous to life is
1000-2000 ppm.

nitric oxide to nitrogen dioxide. The latter then reacts with reactive
species in smoke such as isoprene B-methyl butadiene. Relatively large
quantities of combined nitrogen are found in modern furnishing mater-
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Table 5. Major chemicals in smoke and their toxic levels

Toxic compounds Irritant and toxic compounds
10 000 ppm (1%) CO 1000 ppm HCl
50 000 ppm (5%) CO, 500 ppm HF
400 ppm HCN 100 ppm SO,
200 ppm NO, 20 ppm Acrolein
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Figure 7. Fingerprint chromatogram indicating components in combustion gases
present 7 min after fire ignition. Figure previously published in the Fire Safety Journal
(1984) 7, 276

Table 6. Molecules containing 2-10 carbon atoms.

Peaks A-F Simple straight chain hydrocarbons and the unsaturated derivatives.
PeaksIand ] Nitrogen containing compounds.

Peaks Mand N Chlorine containing compounds.

Peaks P and R More complex nitriles (i.e. nitrogen containing).

Peaks W-HH Cyclic hydrocarbons, some with nitrogen containing side chains.
Peak LL bi- or tri-cyclic hydrocarbons.
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Figure 8. GLC chromatogram of volatiles extracted from blood from a fire death. The
blood cyanide level in this case was 238 nmol /1, and the HbCO level was 48%. Methylene
unit values are given for major peaks. Previously published in Fire and Materials (1979) 3,
98

ials (see Figure 2) which, when burned, liberate significant quantities of
the various oxides of nitrogen as well as copious amounts of hydrogen
cyanide.

The toxic effects of these various free radicals lie in:

e their ability to activate various cells, i.e. macrophages, with the pro-
duction of deleterious cytokine activities

e the initiation of cascade reactions, the by-products of which are
harmful

e the inactivation of various enzyme inhibitors, allowing undesirable
enzyme activities.

An analysis of these biochemical responses is beyond the scope of this
review. However a large amount of relevant information is contained
within the book Respiratory Injury, Smoke Inhalation and Burns (Haponik
and Munster, 1990).
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Inhalation trauma diagnostic
screening test for fire victims
MARGARETA MALAKHOVA, OKSANA DMITRIENKO and

STANISLAV OBOLENSKY
St Petersburg, Russia

INTRODUCTION

Analysis of 500 cases of inhalation trauma showed that the main causes
of death were intoxication, pneumonia and septicaemia. It is thus very
important to carry out a rapid and reliable diagnosis before these clinical
symptoms develop. We have elaborated three biochemical tests to
analyse the condition of burn victims. The tests measure the degree of
intoxication, the extent of inhalation trauma, and sepsis.

MATERIALS AND METHODS

We used clinical and experimental materials, and considered not only
burn victims but also patients with a variety of pathologies, including
respiratory distress syndrome and septicaemia, and a group of healthy
persons with no pathology. Experimental models of sepsis and lung
oedema were established using white rats.

RESULTS

Intoxication was evaluated quantitatively as the measure of the reaction
of the animal to thermal insult. We measured the quantity of elements of
low and medium molecular weight (L and MMW) molecules recorded
as a pool in weak acid surroundings at a wavelength of 236-300 nm in
plasma and in erythrocytes. We also measured oligopeptides, including
endotoxins (cutaneous burn toxin), and the index of endogenous
toxaemia was evaluated.

IT =L x MMW concentration x oligopeptide concentration
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Analysis of patients with pulmonary pathology and peritonitis
supported the existence of the relationship between this index, the
results of the Lumulus test and mortality. Examination of the intoxica-
tion of burn patients also showed that it is related to the area, depth and
location of the burns.

We propose three screening tests for the diagnosis of inhalation
trauma. The first test is based on the determination of the arteriovenous
difference of L and MMW molecules in plasma and in erythrocytes in
venous and arterial blood. The principle of this test is the following:

1. In normal conditions there is a standard distribution of L and
MMW molecules of plasma and erythrocytes in venous and arterial
blood: in venous plasma the concentration of L and MMW mole-
cules is always higher than that of arterial plasma, while the con-
centration of erythrocytes is higher in arterial blood than in venous
blood.

2. When the bronchi are affected the arteriovenous difference
becomes negative, i.e. the concentration of L and MMW molecules
in arterial blood exceeds that of venous plasma. The correlation of
L and MMW molecules in erythrocytes remains the same and does
not vary from the norm.

3. When the bronchi and the parenchyma are affected a negative
difference of the L and MMW molecules exists in both plasma and
erythrocytes.

These changes occur in the first hours after the inhalation trauma and
continue until full recovery.

The second screening test is based on the measurement of protein
concentration, following Biurette’s method, in venous and arterial
plasma. In normal conditions total protein concentration in venous
blood is always 1-3 g/1 higher than in arterial blood (see Table 1).

Table 1. Total protein concentration in plasma (g/1)

Normal Acute pneumonia Pulmonary oedema
Artery M 68.1 59.0 53.8
m 0.8 13 14
Vein M 70.1 58.7 51.7"
m 0.6 13 1.5
H,0 M 18.5 -0.61 -16.8
(ml) m 2.7 0.3 3.2
of the lung in the lung in the lung

" A-V, p < 0.05 (non-parametric statistic)

The same applies to haemoglobin concentraction. This is due to the
return of metabolic water from the lung and of water caused by the
escape of CO, into the atmosphere, in the arterial basin. The quantity of
water found is related to the concentration of aldosterone, which is the
main hormone controlling water balance in animals. When there are
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equal concentrations of total protein in venous and arterial blood pul-
monary oedema may be observed. If the concentration of total protein in
arterial blood is higher than that of venous blood, pulmonary oedema is
evident.

The third test, which can be performed in 30—40 min, measures the
degree of septicaemia. In cases of sepsis there is a ‘jag’ effect on the
spectrograms after the complementary procedure. This test was first tried
in white rats in experimental conditions with simulation of septicaemia
and in clinical conditions in patients suffering from septicaemia, meas-
ured by culturing of blood bacteria using classic microbiological
methods. In burn patients the ‘jag’ effect is observed in the first 2 days in
the erythrocytes and urine, and later, with the appearance of symptoms
of septicaemia, in blood plasma.
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Pulmonary inhalation injury

CONSTANCE C. M. HOWIE
St John's Hospital at Howden, Livingston, Scotland

The toxic effects of inhaling smoke were first documented following the
Cleveland Clinic disaster in Ohio on 15 May 1929 and later after the
Coconut Grove Nightclub Fire in Boston on 28 November 1942.

We became familiar with a clinical condition occurring in burned
patients who had been trapped for a prolonged period in a smoke filled
area. These patients were treated with humidification, their copious
secretions were removed by repeated bronchoscopy and eventually by
tracheostomy. Cyanosis was treated with oxygen and they were given
antibiotics. The mortality rate was high — not surprising, for our equip-
ment for all of these was woefully inadequate by present standards.
Assessment was purely clinical. We had no scientific information to tell
us what was happening in the lung and no other means of therapy.

It was only in the 1950s that sophisticated ventilators were developed.
Blood gas analysis first became available to the clinicians in the 1960s.
Simultaneously, there were improvements in humidifiers and smaller,
but very important, minor items of respiratory equipment and in moni-
toring. These developments and experience gained in their use in other
pulmonary conditions happily preceded the appearance in the 1970s of a
new and life-threatening pulmonary problem in burned patients as a
result of the inhalation of the products of the combustion of modern
plastic materials widely used in the home.

We undoubtedly made errors in the care of these patients. Increasing
experience, and advances in respiratory care, have been paralleled in the
last two decades by improvements in burn wound management, in
infection control and metabolic support. Together, these have increased
the survival rate among patients who would previously have died as a
result of the thermal skin injury alone. The majority of us do not deal
with a sufficient number of patients requiring ventilation for our results
to be statistically significant. But as clinicians, we anticipate that at the
present time considerably more than 50% of ventilated burned patients
will survive. Nevertheless, respiratory damage remains a significant
cause of mortality.
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Bulls’s Index of Mortality Probability based on age and extent of
injury, published in 1949 and revised in 1971, remains a classic, but the
influence of inhalational damage on mortality soon became clear. Many
subsequent indices have included this and some have included multiple
other factors. Reviewing these indices in 1992, Zoch concluded that a
simple index, based on age, extent of injury and the presence of inhala-
tional damage, was best. An index is invaluable retrospectively for as-
sessing results and progress. Apart from the most extreme cases, if used
prognostically, such indices are not without serious danger. They cannot
allow for constantly improving care nor for the individual patient who
survives against all the odds. They are, however, well known to every-
one working with burned patients and can erode staff morale when
dealing with a ventilated burned patient to an extent that can affect care
and influence the outcome.

Successful treatment depends not just on sophisticated equipment, on
science and on skill - it is very labour intensive. It demands patience,
persistence and commitment by all involved and meticulous attention to
detail. These last two can suffer if staff become convinced on the basis of
a mortality probability that the patient has no chance of surviving. At
present, we still have to accept that, as in many other intensive care situ-
ations, not all our patients will survive, but we must continuously assess
the causes of failure and try to correct them and improve survival. There
will always be some patients who will succumb, usually in the early
days post-injury, from overwhelming skin injury or an overwhelming
pulmonary injury. Renal or hepatic failure may occur as a result of the
skin injury or absorption of toxins from the lung, and may be
preventable.

While many useful guides, both clinical and biochemical, are now
available to us we still lack a precise, simple, prognostic indication of
the need to ventilate. The good clinician will serve his patient well by in-
stituting the ventilation on the basis of the age of the patient, the extent
of the injury, the early signs of respiratory damage and on previous
knowledge and experience, and will not wait for obvious biochemical
changes. Prolonged ventilation for about 3 weeks is necessary. The crite-
ria used to indicate that ventilation may be stopped in other groups of
patients do not apply. Until the lung has virtually returned to normal,
the patient with a large thermal skin injury will not be able to manage
without respiratory support. We are all familiar with having to institute
ventilation in extensively burned patients who have no pulmonary
injury and no biochemical changes but who are becoming exhausted,
and in whom this would otherwise lead to progressive pulmonary
failure and respiratory death.

Many patients will have an uncomplicated course. In the resuscitation
phase, pulmonary oedema may be a problem. The damaged lung does
not appear to be able to cope with the necessary fluid resuscitation and
with the fluid shifts which take place. Later, bacteriological or fungal
infection may invade the damaged lung. We must ask ourselves
whether any factor contributing to this bacteriological invasion is iatro-
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genic and preventable. We must also ask ourselves whether any of the
immediate complications or the long-term lung damage is a result of
avoidable biochemical disturbance or physical damage produced by our
equipment or respiratory routines, rather than a result of the initial
injury.

]Wr}}:at then of the future? There is little likelihood that the incidence of
this pulmonary problem is likely to diminish in the near future.
Improvements in burn management and in respiratory management
will continue. Already high frequency ventilators seem to be diminish-
ing iatrogenic problems and improving survival. Our ability to monitor
will increase and many future methods may be non-invasive.
Pulmonary by-pass and lung transplantation may have a future valu-
able role.

There can be little doubt that with advances in medical expertise, in
science and in equipment, we will progressively see in the years that lie
ahead a greatly improved survival probability.
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Lung metabolic function as a factor of
homeostasis support after thermal
injury

I. R. VAZINA and S. N. BUGROV

The Republican Burns Centre, Research Institute of Traumatology and
Orthopaedics, Nizhniy Novgorod, Russia

The lung is an organ whose importance has been little investigated. It
has been established that apart from its well-studied respiratory func-
tion it possesses a complex and less well known metabolic function
(Heinemann and Fishman, 1969; Syromiatnikova, 1974; Syromiatnikova
et al., 1987; Urazaeva and Dubilei, 1975; Said, 1977; Junod, 1982). The
pulmonary blood circulation results in complex degradation, activation
and inactivation of various endogenous agents influencing the blood cir-
culation (vascular tension, their permeability, coagulation system,
fibrinolysis). Arterial blood differs greatly from venous blood owing to
the active metabolic processes. We showed (Vazina, 1988) that in the
short period of pulmonary blood circulation changes appear in the coag-
ulation system and the main bioenergetic substrate content (such as
glucose and non-esterified fatty acids) increases significantly. The pul-
monary metabolic function is also involved in increasing the bioener-
getic potential of arterial blood. There has been discussion of the
pulmonary detoxication function. All this testifies to the fact that
the complex metabolic function of the lung plays an important role in
homeostasis.

This chapter describes a study of pulmonary metabolic disturbances
in burn trauma.

MATERIALS AND METHODS

Eighty-seven animals (60 dogs and 27 rabbits) were used in the experi-
ment; 25 dogs and 10 rabbits were in the control group, the rest were in
the experimental group. Third—fourth degree burns were inflicted in
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15-18% of the total body surface area of the experimental animals. After
intravenous anaesthesia with 1%+ Pentothal sodium (10-14 mg/kg) and
0.5% Novocain anaesthesia, the jugular vein and carotid artery were
exposed. Venous blood was taken from the right atrium with a silicone
catheter inserted through the jugular vein. Arterial blood was taken by
puncture of the carotid artery. The investigations were made on day 1, 7
and 14 postburn.

Fibrinogen and heparin content, the fibrinolytic activity and erythro-
cyte deformability of blood were measured. As the increase of heparin
level in the blood after it passes through the lung is connected with the
fat cell function of the organ, some lung tissue fragments were
obtained from the peripheral parts of the lung after sacrifice of the
animals. These were fixed in 10% neutral formalin solution, covered
with paraffin, cut and the sections stained with 0.01% toluidine blue to
evaluate the number of fat cells and their condition. The fat cells were
counted only in the lung tissue in 40 fields of vision at x 40
magnification. The results show their average statistics in 10 fields of
vision.

RESULTS

After passing through the lung, the heparin content in the blood and
fibrinolytic activity increased and fibrinogen concentration decreased
(Figures 1 and 2). Erythrocyte deformability increased from 73.2 + 4.4%
to 82.0 = 3.6%. Many oval or stretched fat cells in the lung tissue of the
control group contain a large number of granules in their cytoplasm and
are capable of showing metachromasia on toluidine blue staining: 39%
of the fat cells of healthy animals were degranulated, indicating the high
functional activity of this lung cell population.

A decrease in heparin was seen in the venous blood on day 1 post-
burn. The arteriovenous difference was positive, though lower than
normal. The number of fat cells decreased, while that of the degranu-
lated forms reached 70%. By this time the difference between the
fibrinolytic activity and the fibrinogen level in the arterial and venous
blood had diminished, though it is still detectable. The capability for
erythrocyte deformability in venous blood decreased (66.2 + 6.9%) but
was at the former level in arterial blood.

One week postburn the arteriovenous difference in fibrinolytic activ-
ity and fibrinogen concentration changed. A further reduction of
erythrocyte deformability was observed. In one-third of the animals
heparin release ceased, while in the others it was preserved on a much
lower level. The average arteriovenous difference in heparin content was
reduced four times compared with normal values. The number of fat
cells decreased but the intensity of the process was less than on the first
day postburn. Degranulated cells represented 60% of the total number.

There was no arteriovenous difference after 2 weeks. In some animals
an inverse ratio was observed: the heparin level in arterial blood was
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Figure 1. Dynamics of the arteriovenous difference of heparin level in blood and the
quantity of fat cells in the normal condition and after the experimental burn

lower than in venous blood. This was associated with the exhaustion of
the fat cell population, which manifested itself in their five-fold
reduction in the lung tissue. Most of the fat cells had granules in the cy-
toplasm capable of weak B-metachromasia.

DISCUSSION

Our data testify to the fact that the thermal trauma greatly influences
the ability of the lung to support haemostasis. This manifests itself in a
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Figure 2. Dynamics of the arteriovenous difference of fibrinolytic activity (A) and
fibrinogen content (B) in the reduced circulation in the normal condition and after the ex-
perimental burn

reduction of ability of the lung to induce heparin release in the blood,
which results in the absence of this phenomenon 2 weeks after the
trauma. In some animals an inverse ratio was observed when the
heparin level in arterial blood was lower than in venous blood.

The decreased ability of the lung to release heparin in the blood is
connected with the increasing exhaustion of the fat cell population. As a
rule, the fat cells of the lung have a high functional activity
(degranulated forms make up 39%). Having an interalveolar septum lo-
cation near the capillaries, they release heparin to the external medium
during degranulation. Heparin has considerable physiological activity:
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counteracts more than 20 enzymatic systems, activates lipolysis and
participates in the adaptation test on the cell level. Under normal con-
ditions, heparin secretion by fat cells is performed with the release of
granules to the external space. Full degranulation of the fat cell, with its
subsequent partial or full death, is due to stress (such as a burn), which
explains the significant decrease of the number of fat cells on day 1 post-
trauma. The burn is associated not only with the quantitative reduction
in fat cells but also with a decrease in their ability to synthesize such a
highly sulphated product as heparin. This results in an increase of fat
cell granules, with the weak B-monochromasia connected with heparin-
monosulphate production without the physiological activity of heparin.

There is a reduction in both heparin secretion and the ability of the
lung to increase the fibrinolytic potential of arterial blood. We consider
this enzymatic process to be connected with the endothelium of the lung
microvessels. It has been shown by electron microscopy (Vazina and
Vasilchuk, 1982) that pulmonary blood circulation disturbances after the
burn trauma (blood flow decrease, blood cell aggregation, especially
blood platelets and leukocytes, and their degranulation) produce
oedema not only in endotheliocytes and the basal membrane but also
cell destruction and sometimes full lysis. Fibrinolysis reduction causes a
decrease in the lung’s capacity for diminishing fibrinogen concentration
in arterial blood, which is associated with fibrinogenaemia increase. The
primary elimination and the loss of the lung’s capacity to increase
heparin content, to improve the fibrinolytic potential of arterial blood
and to diminish fibrinogen concentration are aggravated with the
increase of erythrocyte deformability. This is the main cause of multiple
microthrombogenesis producing pathological changes in the inner
organs.

The disturbances of the lung’s capacity to stabilize haemostatic
homeostasis is therefore one of the mechanisms of the burn disease.

SUMMARY

In the experiment on dogs and rabbits with third—fourth degree burns
on the 15-18% of the total body surface area it was established that
thermal injury causes the disturbance of the lung’s capacity to support
haemostatic homeostasis of arterial blood (to enlarge heparin level,
fibrinolytic activity and to reduce fibrinogen concentration), to improve
erythrocyte deformability on passing reduced circulation.
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Application of enterosorbents in the
acute period of burn disease

A. V.NEDELIAEVA and G. YA. LEVIN

Republican Burns Centre, Research Institute of Traumatology and
Orthopaedics, Nizhniy Novgorod, Russia

The role of endotoxins produced by gastrointestinal (GI) bacteria in the
genesis of endogenous sepsis in burn disease has been little investigated.
This question is of great importance nowadays due to the appearance
and wide application of enterosorbents to decrease endotoxaemia of
varying aetiology in different fields of medicine.

MATERIALS AND METHODS

A total of 1990 animals (390 white rats and 1600 mice) were used in the
experiment. The rats received third-fourth degree burns in 20-25% of
their total body area. The investigations were held on day 1, day 3 and
one week postburn.

The middle mass molecular peptides (MMP) level was determined for
the assessment of the general toxicity of the blood (Gabrielian and
Lipatova, 1984). Biotesting in mice (Kiseliov and Shuls, 1981) with
dactinomycin administration for sensitization was used to determine the
GI endotoxin level in the blood. Reference to calibration curve showed
that bacterial endotoxin (BET) was present at lethal levels.

ACT and ALT enzyme activity in the blood serum was investigated
with the dinitrophenylhydrazine method based on the transamination
reaction.

We studied both the total protein (with refractometry) and caerulo-
plasmin content in the blood of burned animals.

We also carried out a histological investigation of the liver of burned
rats. The glycogen content (Best’s staining) and adipose degeneration
were determined.

Enterosorbent was perorally infused through the probe once a day for
1, 3 or 5 days. Five types of enterosorbents were used: carbonfibrillar
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adsorbent (vaulen; 40 mg/kg); the Dneeper-activated carbonfibrillar ma-
terial (ACFM; 40 mg/kg); low-molecular polyvinylpyrrolidone (en-
terodes; 200 mg/kg); polymethylsiloxan (enterosgel; 1000 mg/kg); and
polyphepan; 250 mg/kg.

Endotoxaemia was significant in the first 3 days postburn: adminis-
tration of serum drawn from the rats in the 24 h after thermal injury to
sensitized mice resulted in the death of 72.7 £ 4.2% of the animals (BET
dose, 0.4 mg/kg); at 3 days postburn, 61.2 + 3.3% (BET dose, 0.158
mg/kg); and at 7 days 46.3 + 5.2% (BET dose, 0.0398 mg/kg).

The MMP content (both aromatic and nonaromatic) in the blood of
rats increased greatly, the highest concentration being observed immedi-
ately after the burn. In 24 h the MMP-level increased twofold. After 3
and 7 days this value was still high (Table 1).

Table 1. The influence of enterosorption on the aromatic MMP concentration in the
blood of burned rats (g/1)

Enterosorbents

Time of Untreated

investigation burn Vaulen ACFM-MN Enterosgel ~ Enterodes  Polyphepan
Day 1

postburn 0.75+0.06* 0.45+ 0.04* 0.25+0.08> 0.29+0.07> 0.29 + 0.04> 0.24 +0.02°
Day 3

postburn 0.51+ 0.06* 0.30%0.05* 0.29 + 0.04*> 0.29 + 0.07°> 0.30+0.05>° 0.48 £0.07
Day 7

postburn 0.55+ 0.04* 0.50%0.06"> 0.48 £0.06* 0.56+0.14 0.51+0.04 0.20+ 0.02>

2 Differences significant compared with normal indices; ® differences significant compared
with control group indices (p < 0.05)

Severe endogenous toxicity (especially connected with GI endotoxins)
was associated with organ pathology, above all hepatic dysfunction.
Histological investigations showed hepatic adipose degeneration in all
burned rats at 3 days and glycogen reduction affecting hepatic protein
production was observed. Together with vascular permeability distur-
bances, this results in essential hypo- and dysproteinaemia.

The largest total protein decrease was observed on day 1 after the
burn: 56.6 + 3.3 g/1; after 3 days: up to 60.3 £ 1.8 g/1; and after 1 week:
up t0 69.3 + 1.4 g/1 (in intact rats, 78.1 £ 4.5 g/1).

Caeruloplasmin concentration changed greatly after the burn: in the
first 24 h its content in the blood decreased (mean: 22%), but subse-
quently its level greatly exceeded the norm (in intact rats 653.2 +
53.8 mg/L Table 2).

Further investigations were devoted to the possibility of endotox-
aemia treatment with enterosorption. Enterosorbent administration
caused a significant decrease in endotoxaemia (according to biotesting).
Lethality in mice injected with the serum of treated burned rats
decreased by 26-48% on the first day postburn, after 3 days by 12-26%,
and after a week by 3-18% depending on the type of sorbent. The
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Table 2. The influence of enterosorption on caeruloplasmin concentration in the blood
serum of burned rats (mg/1)

Enterosorbents
Time of Untreated
investigation burn Vaulen Enterodes Polyphepan
Day 1
postburn 500.2 + 63.5 586.3 + 62.3 662.1+31.6 548.3 + 50.1
Day 3
postburn 991.7 £ 94.6 788.1 £ 57.1 770.0 + 63.1 680.3+ 67.12
Day 7
postburn 998.6 £ 76.3 512.0+ 71.6* 429.3 + 68.22 796.3+79.6

2 Differences significant compared with control group indices (p < 0.05)

efficacy of the enterosorbents differed. The greatest effect was observed
with enterosgel and ACFM. On the first day postburn vaulen had the
maximum detoxification effect.

Enterosorbents greatly reduced not only the GI endotoxin level but
also the MMP concentration (Table 1). The maximum MMP decrease
was observed after polyphepan application (in 1 day and 1 week after
the burn trauma). Three days postburn the MMP level was normal after
enterosgel and ACFM application.

Enterosorption in the acute period of burn disease prevented hepatic
dysfunction. ACT and ALT activity was much lower in enterosorbent-
treated rats in the first hours postburn. Enterosgel was the most
effective.

Hyperproteinaemia reduced considerably under the influence of
enterosorbents. In the first 24 h postburn total protein concentration
increased from 56.6 £ 3.3 g/l to 64.5 + 1.8 g/l (p < 0.05) during
polyphepan treatment. There was a tendency towards normalization of
the CP level after enterosorbent administration in burned rats: its
concentration increased in the 24 h postburn and decreased thereafter
(Table 2). This effect can be explained by the hepatic protein-producing
function: hypo- and dysproteinaemia decrease may result in protein nor-
malization in the acute period (for example, a,-macroglobulins).

The improvement in hepatic function was associated both with glyco-
gen normalization and reduction in hepatic adipose degeneration.
Enterosgel had a hepatoprotective effect (glycogen content in the liver
was normal and adipose degeneration manifestations were insignificant
or practically absent).

The significant decrease in endogenous intoxication under the
influence of enterosorption is therefore the main reason for the reduction
of hepatic parenchyma degenerative changes and results in the improve-
ment of its most important function — protein-production. Polyphepan
and enterosgel seem to be the most effective in this respect.

As different enterosorbents influence various manifestations of endo-
genic intoxication we suppose that enterosgel could be more effective
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when combined with enterosorbent complex. After the application of
vaulen, enterosgel and enterode combination in the first 24 h postburn,
GI endotoxins in burned animals” blood were absent. This is of great
importance in the first 3-5 days postburn, when the role of these
endotoxins in the pathogenesis of burn disease is considerable.

SUMMARY

In this chapter we report our experience with the use of enterosorbents
such as vaulen, Dneeper ACFM, enterodes enterosgel and polyphepan.
It was established that ES greatly reduced I bacteria endotoxin
concentration in blood and MMP level and prevented hepatic
dysfunction.
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INTRODUCTION

Infection continues to be the main cause of death in the burn patient, if
we exclude the inhalation syndrome, and is the most serious complica-
tion in burns. Infection plays a part in about 70-80% of deaths occurring
within 5 days of admission to hospital of critically burned patients, a
percentage that has remained unchanged despite all the progress made
in the treatment of burn patients. For example, in the last 20 years, the
proportion of deaths in patients with > 50% body surface area (BSA)
burned has been reduced by half; however, infection was responsible for
three out of four deaths both at the beginning and at the end of this 20
year period.

This association of burns and infection has to be added to the risk
factors in these patients, together with the fact that the burn is a good
culture medium for micro-organisms. The main factors affecting infec-
tion in burns are:

e destruction of the mechanical barriers (skin and mucosa) against
micro-organisms as a result of the thermal insult

e destruction of the bacterial flora present in these barriers (which
provide protection against invasion by other micro-organisms)

e the high mobility of burn-colonizing micro-organisms, which facili-
tates the invasion

e endotoxins, exotoxins and permeability factors produced by germs
colonizing the burned area; these cause greater diffusion in depth,
local and distant reduction of immunity, cell necrosis, etc.

e the resistance of colonizing micro-organisms to antibiotics, which
makes them difficult to treat in the event of sepsis

e loss of plasma proteins, because of the burn, including gamma-
globulins, which may alter oncotic pressure and immunity

e non-specific alteration of immunity: consumption of the comple-
ment, reduction of fibronectin, functional deficit of the phagocytes
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e specific alteration of immunity, particularly of the cells, reduction
of lymphocyte IL-2, etc.

e non-vascularity or hypovascularity of the eschar, which may
prevent the arrival of gammaglobulins, antibiotics, etc.

® burns sequelae

e previous pathologies, which aggravate or complicate the clinical
course

All these factors occur with greater frequency in extensive and deep
burns.

The classification of burns

It is often difficult to make a diagnosis of infection in burn patients
because the classic signs of infection may be present (with or without
infection) or absent (also with or without infection); for example, in
extensive burns, fever is an almost constant factor because of the pro-
duction of endogenous pyrogens while in cases of serious sepsis,
hypothermia develops. The white blood cell count is very variable
(although a large leftward shift may suggest infection); there may be
hypotension, paralytic ileus, tachycardia, hyperpnoea etc. without a
clear relation to infection, or vice versa.

Despite these problems we can use the McMillan classification, divid-
ing burn infections into the categories given below.

Non-invasive burn infection

Infection is very frequent in burns, occurring in some part of the trauma-
tized area. In general it is caused by a single species of bacteria or fungus
(this distinguishes it from colonization). The devitalized eschar may
contain from as little as 10 to as many as 10° micro-organisms per gram
of tissue. There is however no evidence of invasion of non-burned areas.
This great number of micro-organisms produces degradation enzymes,
leading to hydrolysis of the burn zone. Systemic syndromes
may develop due to the production of toxins, which pass into general
circulation.

A characteristic feature of non-invasive infection is the rapid separa-
tion of the dead eschar and the marked exudation of the burn. Biopsy
recounts in the burn area exceed 10 000 bacteria per gram, while in the
area adjacent to the lesion the recount is lower. The symptoms are mild,
with a slight increase in body temperature and moderate leucocytosis
without leftward deviation.

In the aetiology of these infections an important role is played by
Enterobacteriaceae (25-30%), Staphylococcus aureus (20-30%) and
Pseudomonas aeruginosa (20-25%), micro-organisms now appearing in
forms extremely resistant to antimicrobial agents, together with fungi
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and viruses. However this aetiology may be considerably modified with
the aid of surgical therapeutic techniques.

Invasive burn infection without bacteraemia

Invasive burn infection is considered to be present when a count of
> 100 000 bacteria per gram is obtained in a healthy area adjacent to the
burn. The clinical condition of the patient depends on the genus and
species of the organism, but generally the granulation tissue is oedema-
tous, pale and tending to dryness, crusty and necrotic in a patient who
previously presented abundant secretion from the burn. Episodes of
fever are frequent and pronounced, and there is leucocytosis with left-
ward deviation. In severe cases body temperature may fall below
normal and there may be septic shock. Blood cultures, however, remain
negative. The diffusion may be due either to contiguity or to an as yet
undiagnosed bacteraemia, the initial focus of which is the burn.

Invasive burn infection with bacteraemia

This usually develops out of invasive infection without bacteraemia, but
it may be caused more directly by lymphatic diffusion of micro-
organisms from the locally infected burn. The clinical condition is
similar to that described above, but with positive blood cultures.

Other infections: sepsis not originating from the burn

This generally develops from multiple organ involvement as a conse-
quence of the generalized dissemination of infection, and may lead to
multiple organ failure. Early sepsis can be related to the intestinal
translocation of micro-organisms; if sepsis occurs intestinal translocation
may continue, with micro-organisms passing from the intestine to the
blood and other systems or organs. Other sources of sepsis are the point
of entry of the catheter and to a lesser degree infections of the urinary
tract, pneumonia, etc.

Our criteria of local infection in burn patients are clinical (fever not
explained by other types of infection with negative blood cultures, dete-
rioration of granulation tissue or suppuration of the burn) and microbio-
logical (> 100 000 micro-organisms of a single species per gram). We
have replaced the burn biopsy with semiquantitative study of the
eschar, which gives results very consistent with those of biopsy but
without any loss of blood. This can be performed routinely as part of
the microbiological monitoring of the patient. No distinction was made
between invasive and systemic invasion, as advised by Tompkins, and
we have only considered systemic infection, as diagnosed by the criteria
described above, together with the observation in the blood culture of
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the same micro-organism as that found in the burn. Other infections can
be diagnosed following the criteria of the CDC. Among the primary bac-
teraemias we can distinguish those attributable to the catheter. The dif-
ferentiation between colonization and infection of the point of entry of
the catheter is performed following the semiquantitative technique
described by Maki in 1977.

FREQUENCY OF INFECTION

Local (non-invasive) infections of the burn constitute the majo