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ABSTRACT
Introduction: burns are the fourth most common

trauma. Regardless of the percentage, all burns require spe-
cialised treatment. Burns over 20% of total body surface
area/ÒBSA/ in adults and over 10% in children are called
extensive. They require fluid resuscitation and surgical treat-
ment. It is believed that tissue destruction, combined with
capillary dysfunction and a pronounced inflammatory re-
sponse, lead to the development of hypovolemia and ther-
mal shock.

The goal: to validate a protocol for the treatment of
extensive burns, including first aid, fluid resuscitation treat-
ment, surgical interventions, rehabilitation, and care for the
consequences of burns.

Material and methods: we tracked and compared the
extensive burns of two random years, demographics, treat-
ment types and outcome of it.

Discussion: treatment of thermal shock includes
proper initial assessment, timely infusion therapy, early sur-
gical treatment and wound covering, rehabilitation and ac-
tive surveillance. For the outcome of the treatment, the gen-
eral condition of the patient, the type and depth of the burn,
as well as the time of starting the surgical treatment are im-
portant. These factors determine the outcome of the treat-
ment, the development of cicatricial tissue and the preser-
vation of the physiological capacity of motion.

Conclusion: extensive burns are a challenge for both
plastic surgeons and anesthesiologists. The therapeutic ap-
proach follows a certain algorithm depending on many fac-
tors.

Keywords: extensive burns, thermal shock, surgical
treatment, conservative treatment,

INTRODUCTION
Severe burns are among the most traumatic and de-

bilitating injuries, affecting all organs and systems and re-
sulting in significant morbidity and mortality. In an attempt
to improve the treatment of patients with severe burns, as
well as to reduce mortality and shorten hospital stays, thera-
peutic interventions have evolved over the years.

MATERIALS AND METHODS
The present study reviews patients with extensive

burns treated at the Department of Burns, Plastic,
Reconstructive and Aesthetic Surgery of the St. George
University Hospital, Plovdiv, in 2015 and in 2018. All pa-
tients with extensive burns, involving over 20 % of total
body surface area (TBSA), were recruited in the research.
Participants, treated over the two years, were in parallel,
assessed and compared based on demographic criteria, ex-
tent of burn, application of various dressings, timing and
type of surgical interventions, microbiology control, pres-
ence of infection, mobilisation and rehabilitation, duration
of hospital stay, etc.

Fig. 1. Severe burn injury in a child.
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Fig. 2. Necrotomy incisions.

Fig. 3. Split-thickness mesh skin grafting.

Fig. 4. Electrical burn.

Fig. 5. Full-thickness autograft.
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Fig. 8. Split-thickness micrografting.

Fig. 6. Split-thickness mesh skin grafting.

Fig. 7. Split-thickness mesh skin grafting.

Fig. 9. Boy with severe full-thickness electrical
burns leading to an amputation of the right upper limb.
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Fig. 10. Use of Biobrane in a male patient with ex-
tensive burns.

RESULTS.
In 2015, 63 patients with extensive burns received

treatment in the Clinic. Of them, 32 (51%) had burns of up
to 30% of TBSA, and 31 (49%) – had over 30% of TBSA
burns. Over >50% of TBSA burns were seen in 12 patients.
In 2018, patients with extensive burns were 86, including
56 (65%) with <30% of TBSA burns>30% of TBSA burns
were seen in 30 (35%). Patients with >50% of TBSA burns
were 11.

Diagram 1. Different occurrence of burns in children
and adults.

Fig. 11. Tangential excision.

Diagram 2. Different occurrence according to gen-
der.
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Extensive burns are most commonly caused by flame
or hot iquids. No statistically significant difference in the
etiology between the two studied years was found. In 2018,
there was an increased incidence of occupational combined
traumas caused by chemicals. In 2015, 6 cases were treated,
the number went up to 11 in 2018, with some involving >
than 50 % of TBSA, resulting in fatal outcomes.

Diagram 3. Burn ethiology

Throughout this primary surgical procedure, general
anesthesia was administered to all patients, and a compre-
hensive analgesia protocol was subsequently implemented
to manage postoperative pain. Additionally, patients who
sustained inhalation burns or exposure to toxic gases were
placed under mechanical ventilation to ensure adequate res-
piratory support.

In 2015, 8 patients required mechanical ventilation,
in 2018 – the number is 5. Only two patients presented with
< 30 % of TBSA affected. Out of 13 patients – 2 were ex-
tubated, and treatment was completed, the remaining 11 had
a lethal outcome.

The depth of the extensive burns in most cases is
variable. However, in most patients -  IIAB-to III degree
burns were registered.

Resuscitation was based on the „Parkland” formula
in all patients. Approximately one-third of the patients
were placed on fluidized beds. Necrotomy incisions were
performed in patients with circular burns of the extremi-
ties. Their number was 15 in 2015 and 19 – in 2018.

The most frequent surgical intervention was free skin
autografting. All patients received skin grafting.

The number of surgical procedures in our patients
was similar in the two studied years – between 3 and 5.

There was a difference in the timing of the surgical
procedures. In 2018, surgery was performed on day 2-3 fol-
lowing the trauma. In 2015, intervention were usually on
day 4-6 post trauma.

During both years of comparison, the functional sites
were grafted at an earlier stage. In most patients, we used a
full-thickness skin graft. In extensive burns involving  >
50 %  of TBSA, in order to secure timely coverage of larger
surface areas, we applied split-thickness skin grafts with
meshgraft perforations. Following blood necrectomy, the
wound sites were covered with temporary byosynthetic
dressing – Biobran and Acticot. In superficial injuries, these
dressings are usually the definitive treatment.

In 2015, temporary byosynthetic dressings were used
in 19% of the patients, in 2018 in  31%.

A notable difference in the treatment approach be-
tween the two studied years was observed. In 2018, there
was an extended duration of treatment with low molecular
weight heparins (LMWH), specifically Clexane and
Fraxiparin. This adjustment was associated with a reduced
incidence of coagulation complications, such as thrombo-
sis. Furthermore, there was a notable decrease in the number
of surgical interventions required, coupled with an in-
creased utilisation of antibacterial and biosynthetic dress-
ings. These changes collectively contributed to a shortened
duration of hospital stays for patients.

Over the last couple of years, we have noted dynamic
in the development of infectious complications in patients
with burns - the bacterial agents are similar, however, the
incidence of resistant strains is increasing.

Gram (-) - Pseudomonas aeruginosa and
Acinetobacter baumanni, Escherchia coli Gram (+) - Sta-
phylococcus aureus, MRSA

Over the last few years,  Colistin and  Vancomycin
have been more frequently used for antibiotic therapy.

Upon admission to the Clinic, all patients underwent
primary surgical treatment, which included the insertion of
a central venous line and a urinary catheter. This initial in-
tervention was followed by the excision of necrotic tissues,
necrotomy incisions when needed, accompanied by resus-
citation measures. In some cases, patients necessitated fluid
bed therapy to enhance their recovery process.
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DISCUSSION
Significant advances in the treatment of burns

have been achieved in recent years. Shortly after World
War One, it was concluded that stage dressings, surgical
excisions, free skin grafting and pain management are
the most effective therapeutic measures in patients with
burns. [1]

In the 1950s, 45% of TBSA burns correlated with
a 50% mortality rate in young men. In 2010, the World
Health Organization reported a mortality rate of 50% in
cases with 80 % burns. This drastic difference is due to
the improvement in resuscitation and surgical therapy
for extensive burns.

In children, in the 1980s, the mortality rate was
33% in patients with TBSA burns of 80%. Nowadays, we

In most patients, there is a dynamic in the micro-
biology spectrum,  likely attributable to infections with
resistant hospital strains. In nearly all patients, more than
1 microbial agent has been isolated.

The most common complications observed over
the years are:

lung complications, wound infections, sepsis, com-
bined traumas, low protein levels, coagulation abnor-
malities and acute kidney failure.

No statistically significant difference was found
in terms of mortality between the two studied years.

Diagram 4. Mortality rate.

Table 1. Bacterial agents and antibiotic treatment

note a 50 % survival rate in children with 98 % of TBSA
burns. [2]

Treatment of burns consists of a number of stages
– stage dressings, resuscitation, surgical treatment, in-
fection control and complications prevention.

The best dressings for burns treatment should pos-
sess good epitheliotropic and antimicrobial properties,
should be non-permeable to water but should allow
evacuation of the wound exudate and finally, should aid
with pain management. So far, such perfect dressings are
not available. [3]

The local therapy of burns has also undergone sig-
nificant dynamics over the last few years. In 1985,
Lineaweaver et al. demonstrated that the cellular toxic-
ity of hydrogen peroxide and acetic acid supersedes their
bactericidal activity, on the contrary, the concentration
of iodine povidone and sodium hypochlorite are not
toxic and are characterised by persisting bactericidal ac-
tivity. [4]

Silver sulfadiazine has been the “golden stand-
ard” in the local antimicrobial treatment of burns for
many years. [5]

Biological dressings as xenograft, allograft etc. are
no longer used. They cause significant side effects as
sensibilisation, are costly and hard to store. [6]

Epitheliotropic agents such as synthetic and hy-
drocolloid dressings are suitable for the treatment of su-
perficial burns. [7]

Antimicrobial silver dressings, especially those
with nanocrystal silver, are the first line treatment in
cases of burns. Their usage results in the reduction of
surgical interventions, they absorb the exudate and
maintain the wound humid; they also minimise pain and
reduce the duration of treatment as a whole. [3]

Recent bio-engineering technology advancements
have made dressings and gels available, containing natu-
ral glycosaminoglycans, chitin and growth factors. There
are reports that these products prevent burns from deep-
ening, enhance fibroblast proliferation and angiogenesis,
and have antimicrobial properties. [ 8 ]

Sepsis is considered the most common complica-
tion in burn injuries, which leads to lethal outcomes.

The best method to prevent wound infections is
early surgical excision.

Group Species 2015 2018 Antibiotic treatment

Gram negative Psuedomonas aeruginosa 29 38 Pipercillin-tazobactam

Actinetobacter baumanni 48 56 Carbapenems

Enterobacteriaceae 12 17 Cephalosporins

Gram positive Staphylococcus aureus 37 42 Penicillins

Streptococcus 7 13 Penicillins

Enterococcus 5 9 Penicillins

Drug resistant strains MRSA 5 8 Vancomycin

MDR P. aeruginosa 2 3 Colistin
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Unfortunately, in recent years, there has been in-
creased incidence of resistant strains in burn wounds.
Most of them are hospital acquired infections

Burn infections are most commonly caused by
gram positive bacteria such as streptococci, staphyloco-
cci, and enterococci. They are sensitive to penicillin.
Resistant strains of methicillin are known as MRSA (me-
thicillin-resistant Staphylococcus aureus), and they are
treated with Vancomycin and  Linezolid. [9]

Aminoglucosides are the treatment of choice for
gram negative bacteria. However, in the treatment of burn
infections caused by resistant strains, a more aggressive
approach is used. Branski considers that the polymyxins
colistin and polymyxin E are safe and effective treatment
for both children and adults without serious side effects.
They should be used with caution, and close monitor-
ing of kidney function is necessary. [10]

After the war periods, infusion therapy for burns
also advanced rapidly. It was found that inadequate re-
suscitation results in intracellular deposition of sodium
and water. [3]

Protein loss with the subsequent inflammatory re-
action leads to a shift of intravascular fluid to the inter-
stitial spaces. Over the years, various formulas have been
proposed to manage low protein levels. In some patients,
Human albumin and plasma infusions start in the first
24 hours. Resuscitation therapy is calculated based on
the percentage of TBSA affected by the burn. A com-
monly used method for calculation is “the rule of nines”.

Cope and Moore proposed formulas based on which
the volume and the composition of the intravenous flu-
ids should be calculated. Examples of such formulas are
those of Evans and Brooke. Baxter and  Shires demon-
strated that protein infusions in the first 24 hours increase
edema and proposed a formula to calculate the volume of
crystalloid solutions necessary for the first 24 hours after
the burn in order to manage the shock. Parkland’s for-
mula suggests  4 ml lactated Ringer solution (RL) / kg /%
TBSA within the first 24 hours. Half of the calculated
fluid is administered within the first 8 hours; the remain-
ing volume is given for 16 hours. During the second day
after the burn, half of the calculated 1st day volume crys-
talloid is given, and protein is added. On day three, half
of the second day volume is administered, including Hu-
man albumin and fresh frozen plasma. Parkland’s formula
is widely accepted and is a basic method for burns resus-
citation in Bulgaria. [11,12]

There is no ideal formula; all the available should
be adjusted according to the patient’s needs.  Complica-
tions of inadequate resuscitation in burned patients in
shock are hyper and hypovolemia, which in turn could
result in pulmonary edema, renal dysfunction and dete-
rioration of the toxi - infection.

Monitoring the urine output per minute is the main
parameter used to assess the effectiveness of infusion
therapy. For adults, the urine output per hour is approxi-
mately   50 mL / h, in children -  1 mL / kg per hour.

Some patients need larger volumes of fluid than
calculated based on the Parklands formula. These are pa-
tients with polytrauma, alcohol abusers, inhalation burns
and with delayed initial resuscitation. They very often
need additional volumes of fluids and bioproducts. [13,
14]

Since the 1970s, we have evidence in favor of the
opinion that early surgical excision and free autografting
are the golden standard in the treatment of burns. Sur-
gery is usually performed 3 to 5 days after the trauma.
[15]

Early tangential excision and auto skin grafting
reduce mortality rates and reduce hospital stays com-
pared to conservative management. [16]

Herndon and  Parks applied early surgical exci-
sion (within  48-72 hours after the injury) down to the
fascia with mesh graft 4:1 of corpse skin to treat exten-
sive burns in children. Results showed a shortening of
hospital stays but no decreased mortality rates. In a pro-
spective randomised study in 85 patients with stage 3
burns of over 30 % of TBSA, the early surgical excision
showed an improved survival rate in patients without in-
halation burns,  aged 17 to 30. There is no statistically
significant difference compared to patients over 30 years
of age who also present with inhalation burns  [17].

After Blair and Brown found out that preserved
epithelial cells in the hair follicles play a crucial role in
the healing of the skin donor sites, full thickness skin
grafts became increasingly popular as a treatment option.
Portable electric dermatomes and mesh graft dermatomes
were designed, which allowed the expansion of the graft
area to 9:1 and contributed to the rapid recovery in ex-
tensive burns with limited donor sites. Some authors rec-
ommended the application of micro grafts to cover ex-
tensive burns. [18]

The advance in genetic engineering have made it
possible to investigate the role of tissue skin substitutes.
In the 1970s, Yannas and Burke developed the first two-
layer skin replacement tissue-  Integra, which consists
of a thin silicon epidermis and a porous matrix of colla-
gen and chondroitin. Heimbach et al. were the leaders
in the first randomised clinical trial of  Integra in 1988.
After the FDA approval in 1996 ã., Integra is widely used
in the t reatment  of  burn injur ies  as  well  as  in
reconstructive surgery. [19-20]

CONCLUSION
Extensive burns are a challenge for plastic surgery

and anesthesiology. The therapeutic approach follows a
certain algorithm depending on many factors. For the out-
come of the treatment, the general condition of the pa-
tient, the type and depth of the burn, as well as the time
of starting the surgical treatment are important.

The main objective in the treatment of extensive
burns is patient survival, preservation of functional ac-
tivity and good esthetic results, which allow for good
quality of life and good resocialisation.
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