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sABSTRACT

Introduction: Burns are among the leading external causes of death in Bra-
zil, generating huge costs and having physical, psychological, and social con-
sequences. The objective of this study was to compare two groups of burn
patients, i.e., those with and those without adjuvant treatment with hyperbaric
oxygen (HBO) therapy and to perform a cost analysis. Methods: A retrospec-
tive study was carried out between 2011 and 2013, comparing 20 patients
with moderate to severe burns who were hospitalized at the Santa Casa de
Misericérdia de Campo Grande and treated with HBO (group I) and 22 pa-
tients treated without HBO (group IT). Results: Most of the patients, i.e., 24
(57.1%), were male. Flammable product was the most frequent etiologic agent
in both groups, accounting for 56.6% of the burn cases. The average age of
group I patients was of 26.6 years and that of group II was of 23.3 years, with a
prevalence (50.4%) of those aged between 13 and 35 years. The average final
cost per patient was R$17,292.00 for group I and R$25,360 for group II (p =
0.028). Conclusion: We conclude that, in our service, patients presenting
moderate and severe burns and treated with HBO therapy underwent a lower
number of surgical procedures, e.g., grafts and debridement that allowed re-
duced hospitalization time and led to significant savings in hospital costs.
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s RESUMO

Introducao: As queimaduras estao entre as principais causas externas de
morte no Brasil, geram enormes gastos financeiros e sio responsaveis por se-
quelas fisicas, psicolégicas e sociais. O Objetivo deste estudo foi comparar os
dois grupos de pacientes queimados com e sem tratamento coadjuvante com
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Oxigenoterapia Hiperbarica, assim como, realizar uma analise dos custos.
Métodos: Foi realizado estudo retrospectivo, periodo de 2011 a 2013, sele-
cionando, 20 pacientes com queimaduras moderadas e graves, internados na
Santa Casa de Misericordia de Campo Grande, tratados com auxilio de OHB
(grupo I) e 22 pacientes sem auxilio de OHB (grupo II). Resultados: A maio-
ria dos pacientes pertencia ao sexo masculino, 24 pacientes (57,1%). O agente
etiologico mais frequente nos dois grupos foi produtos inflamaveis com 56,6%
dos casos. A idade média do grupo I foi de 26,6 e a do grupo II 23,3, predomi-
nando a faixa etdria entre 13 e 35 anos 50,4% dos pacientes. Custo médio final
por paciente do Grupo I foi R$17.292,00, e grupo II R$25.360 (p=0,028).
Conclusao: Concluimos que, no nosso servico, o grupo de pacientes com
queimaduras moderadas e graves tratados com auxilio da Oxigenioterapia Hi-
perbarica teve um menor ntimero de procedimentos cirtirgicos, como enxer-
tos e desbridamento, e menor tempo de internacao, levando a uma economia
importante dos gastos hospitalares.

Descritores: Queimado; Tratamento; Hiperbarica.

INTRODUCTION

Burns are among the leading external causes of death in
Brazil, generating large costs and having physical, psycho-
logical, and social consequences’.

Gaining knowledge in epidemiology is important in all
areas of medical expertise, to support the evaluation and or-
ganization of treatment programs and prevention campaigns
that present burns as severe accidents that can be avoided
through the application of epidemiological principles, be-
sides conducting awareness campaigns and educational
programs?>.

Data from the Brazilian Society of Burns show that, in
Brazil, there are 1 million cases of burns each year, of which
200,000 are treated in emergency services. Of these, 40,000
require hospitalization and about 2500 result in death, di-
rectly or indirectly due to the injuries, which entail a high
social and economic impact. Several methods have been
used to reduce the costs associated with burn injuries; one
of such methods is hyperbaric oxygen (HBO) therapy*®.

OBJECTIVE

The aim of this study was to compare the final costs of
burn patients treated with and without HBO therapy and to
perform a cost analysis.

METHODS

A retrospective study was carried out between 2011
and 2013, including patients presenting moderate to severe
burn who were admitted to the Santa Casa de Misericordia
of Campo Grande. Of these patients, 23 were treated with
HBO (group I) and 23 were treated without HBO (group
ID). For the HBO therapy, the protocol included only patients
with severe burns (second-degree burns exceeding 20% of
the body surface area [BSA]; third-degree burns exceeding
10% of the BSA; electrical burns; or burns in delicate ar-
eas such as the face, neck, hands, feet, perineum, armpits,

groin, and popliteal region) and moderate burns (second-
degree burns involving between 10% and 20% of the BSA,
or third-degree burns involving between 3% and 10% of the
BSA). All patients needed to be hemodynamically stable to
receive the treatment. Each session was performed at 2.5
atm for a period of 120 min, once a day. Throughout the
procedure, patients were followed by a hyperbaric physician.
Variables such as sex, age, etiology, and severity of the burn
were evaluated using the chi-square test. The comparison
between patients treated or not treated with HBO in rela-
tion to the number of sessions, debridement, grafts, dress-
ings, and final costs was carried out using Student’s t test.
Statistical analysis was performed by using SPSS software,
version 17.0, with the level of significance set at 5%.

RESULTS

Most of the patients were male, among whom 56.5%
and 60.9% were treated with and without HBO, respectively
(Graph 1 and Table 1).
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Graph 1. Distribution of patients treated with and without the aid
of hyperbaric oxygen (HBO) therapy, according to sex.
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A flammable product was the most frequent etiologic agent
in both groups, with 39.1% and 65.2% of these patients treated
with and without HBO, respectively (Graph 2 and Table 1). The
average age of group I patients was of 27.9 years, and that of
group I patients was of 26.7 years. There was a prevalence of
patients aged between 13 and 35 years—accounting for 60.9%
of group I and 43.5% of group II (Graph 3 and Table 1). The
classifications of burns presented by group I patients were mod-
erate in 10 and severe in 13. In group II, 13 burns were moder-
ate and 10 were severe (Graph 4 and Table 1). The number of
debridement performed was 21 in group I and 49 in group II.
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Graph 2. Distribution of patients treated with and without the aid
of hyperbaric oxygen (HBO) therapy, according to burn etiology.

The number of graft procedures carried out in was 12 in group
I and 28 in group II. The average hospitalization time was 23.3
days in group I and 29.8 days in group II. The average cost for
the grafts in groups I and II was 89.74 and 209.39 reals, respec-
tively, whereas the average cost for debridement procedures
was 91.30 and 213.04 reals, respectively. The average cost of
hospitalization was 19,933.91 reals in group I and 26,285.22 re-
als in group II. The final average costs per patient 20,114 reals
in group I and 26,707 reals in group II (p=0.093). The number
of HBO sessions in group I varied from 2 to 20, with an average
of 11.04 sessions (Table 2).
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Graph 3. Distribution of patients treated with and without the aid
of hyperbaric oxygen (HBO) therapy, according to age group.

Table 1. Distribution of patients according to sex, age, burn etiology, and burn severity, among those who were or not submit-

ted to hyperbaric oxygen therapy.

Variable Hyperbaric oxygen Total
therapy
No Yes
Sex (p = 0.725)*
Male 60.9 (14) 56.5 (13) 58.7 (27)
Female 39.1 (9 43.5 (10) 41.3 (19)
Age group (p = 0.455)*
Upto 12 30.4 (7) 17.4 (4) 23.9 (11)
Between 13 and 35 43.5 (10) 60.9 (14) 52.2 (24)
Over 35 26.1 (6) 21.7 (5) 23.9 (11)
Burn etiology (p = 0.326)*
Flammable product 65.2 (15) 39.1 (9 47.8 (22)
Scald 17.4 (4) 30.4 (7) 23.9 (11)
Contact 13.0 3) 17.4 (4) 15.2 (7)
Electricity 4.3 (1) 13.0 (3) 8.7 (4)
Burn severity (p = 0.376)*
Moderate 56.5 (13) 43.5 (10) 50.0 (23)
Severe 43.5 (10) 56.5 (13) 50.0 (23)

Data are presented as relative frequency (absolute frequency). *p-Value in the chi-square test.
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Table 2. Results for age, grafts, debridement, hospitalization, and total and partial costs for each procedure carried out in

patients submitted or not to hyperbaric oxygen therapy.

Hyperbaric oxygen

Variable therapy

No
Age (years) 26.65+4.00
Grafts (n°) 1.22+0.17
Grafts expenses (R$) 209.39+28.52
Debridement (n°) 2.13x0.26
Debridement expenses (R$) 213.04+26.15
Hospitalization time (days) 29.87+3.12

26285.22+2744.76
26707.65+2789.66

Hospitalization costs (R$)
Total costs (R$)

p-Value*

Yes

26.91+3.35 0.96
0.52+0.20 0.01
89.74+33.97 0.01
0.91+0.33 0.01
91.30+32.62 0.01
22.65+2.95 0.1
19933.91+2598.87 0.1
20114.969+2640.03 0.09

Data are presented as average = standard deviation. *p-Value in Student’s t test.

DISCUSSION

Burn is a complex and dynamic lesion characterized by
a coagulation region surrounded by a stasis zone, which is,
in turn, surrounded by an erythema area. This coagulation
region can extend up to 10 times in the first 48 h, and can
then rapidly evolve into ischemic necrosis. Hemoconcen-
tration and microthrombosis occur in postcapillary venules
and decrease or suppress the microcirculation flow. This is
associated with increased capillary permeability, promoting
plasma transudation into the injured tissues and leading to
a rapid edema formation and progression to ischemic necro-
sis®. Changes in microcirculation in distant areas are also
observed and are due to the action of vasoactive mediators,
leading to edema of unburned tissues. This ischemic pro-
cess is progressive and can extend the damage during the
first days after trauma’. Prolonged thermal damage is due to
the inability of surrounding tissues to provide the cells of the
injured area with the oxygen and nutrient supply necessary
to maintain their viability, thus leading to the progression of
the lesion to the deeper layers’.

The treatments of burns are aimed at reducing edema,
preserving viable tissues around the burned area, increasing
the body’s defenses, and promoting wound healing. There-
fore, HBO therapy is a complementary treatment to acceler-
ate this process of tissue recovery®.

Adjuvant treatment with HBO therapy should be started
as early as possible after the injury for initial resuscitation.
This treatment can be carried out two times, lasting 90 min
each, at 2.5 atm, starting in the first 24 h and continued
until the wound is epithelialized. Children should be treated
for 45 min. In large burns involving 40% or more of the BSA,
the treatment may be longer than 15 days with an average
between 20 and 30 sessions, but not exceeding 40-50 ses-
sions, except in special cases!'.

The use of HBO therapy as an aid in burns treatment
has shown several benefits such as:

1. Decrease in erythema, edema formation, and burn
exudation®'?;

2. Improvement in perfusion and tissue oxygenation!'®!!,
with a significant increase in tissue pO,, which can remain
high after interrupting the HBO therapy'?;

3. Early reversal of capillary stasis with decreased pro-
gression of thermal injury and more rapid epithelialization
of the wound'"'?;

4. Improvement of the immune response by increasing
the activity of macrophages'?;

5. Decreased time of wound healing, with decreased
rates of infections of the burned area!.

HBO therapy also restores depleted levels of ADP, reduc-
es high levels of lactate and phosphorylases, maintains the
integrity of the microcirculation, and provides the substrates
necessary to maintain the vitality of tissues surrounding the
burn area, thus preventing the progression of the lesion'®.
These effects reduce the need for performing graft proce-
dures in addition to diminishing the hospitalization time,
infection rate, mortality, and hospital costs8, as confirmed
in this study in which a significant reduction in grafts and
debridement requirement as well as in final hospital costs
was observed.

In this study, most of the patients were male, aged be-
tween 13 and 35 years—an age group representing the
greatest production force and manpower, according to other
studies published in the literature!*!°. In the article “Burn
patients evaluated for hyperbaric oxygen therapy,” by Marra
et al.', most of the patients were male (75%), and the aver-
age age of groups I and II was 38.1 and 52.8 years, respec-
tively. Concerning the etiologic agent, we confirmed the data
reported in the literature that highlight flammable agents,
e.g., alcohol, gasoline, and thinner, as the main etiologic fac-
tor; this etiology accounts for 39.1% and 65.2% of the pa-
tients treated with and without HBO, respectively, according
to the studies by Macedo et al.’® and Leo et al.'°.

Several clinical series demonstrated a more rapid recov-
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ery, reduced need for fluids, surgeries, and hospital stay, as
well as reduced mortality and hospitalization costs. In 1974,
Hart et al.? reported a series of randomized cases showing
a reduced need for fluids, fast wound healing, and reduced
mortality when treated patients were compared to controls.
Cianci et al.1, in a comparative study on patients presenting
burns involving between 18% and 39% of the BSA, showed a
significant reduction in hospitalization time, from 33 to 20.8
days (p=0.012), when HBO was added to the treatment.
In this study, a reduction in the average hospitalization
time was also observed, from 29.8 days in the group treated
without HBO to 23.3 days in the group treated with HBO.
A significant reduction in hospital costs was also observed,
from 26,707 reals to 20,114 reals when HBO was added as
adjuvant treatment (p=0.093). Cianci et al.®, in another
study on patients presenting burns involving between 40%
and 80% of the BSA, observed a reduction from 8 to 3.7
(p=0.041) in the number of surgical interventions when
HBO was added to the treatment. This confirms the results
obtained in our study, in which we observed a decrease in
the number of debridement from 49, in the group of patients
treated without HBO, to 21, in the group of patients treated
with HBO, thus saving 2800 reals. Similarly, the number of
graft procedures also reduced, from 28 in the group of pa-
tients treated without HBO to 12 in those treated with HBO,
which saved 1548 reals. The HBO costs in patients with this
treatment as adjuvant therapy was included in the final cost
calculated for patients of group I, with an average value of
264 reals per session. In both groups, the CTI costs were
also added to the final costs.

CONCLUSION

We conclude that in our service, patients with moder-
ate and severe burns who were treated with HBO therapy
required a reduced number of surgeries, e.g., grafts and de-
bridement. This treatment also resulted in reduced hospi-
talization time, thus leading to significant savings in hospital
costs.
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