
fmed-09-914976 June 15, 2022 Time: 6:39 # 1

BRIEF RESEARCH REPORT
published: 15 June 2022

doi: 10.3389/fmed.2022.914976

Edited by:
Giusto Trevisan,

University of Trieste, Italy

Reviewed by:
Sara Trevisini,

Department of Dermatology, Italy
Serena Bergamo,

ULSS 2 Marca Trevigiana, Italy

*Correspondence:
Davide Melandri

davide.melandri@auslromagna.it

†These authors have contributed
equally to this work and share first

authorship

Specialty section:
This article was submitted to

Dermatology,
a section of the journal

Frontiers in Medicine

Received: 07 April 2022
Accepted: 02 May 2022

Published: 15 June 2022

Citation:
Venturi M, Bruzziches F,

Orlandi C, Altini M, Rubegni P and
Melandri D (2022) Economic Burden

of Denatured Alcohol-Induced Burns:
A 20-Year Retrospective Study.

Front. Med. 9:914976.
doi: 10.3389/fmed.2022.914976

Economic Burden of Denatured
Alcohol-Induced Burns: A 20-Year
Retrospective Study
Michela Venturi1†, Francesco Bruzziches1,2†, Catuscia Orlandi1, Mattia Altini3,
Pietro Rubegni2 and Davide Melandri1*

1 Dermatology Unit and Burn Center, Azienda Unità Sanitaria Locale (AUSL) Romagna, Bufalini Hospital, Cesena, Italy,
2 Dermatology Unit, Department of Medical, Surgical and Neurological Science, Santa Maria alle Scotte Hospital, University
of Siena, Siena, Italy, 3 Medical Direction, Azienda Unità Sanitaria Locale (AUSL) Romagna, Ravenna, Italy

Burn care has rapidly improved over the past decades, but health innovations are
expensive. We present the first study focusing on the economic burden of exclusive
denatured alcohol-induced burns. The goal of this study was to determine costs for
the public health system due to inpatients’ burn care because of these specific burns.
Moreover, we aimed to observe the incidence of methylated spirit-related burns in
the past 20 years. We performed an observational retrospective study in our burn
unit including all patients with a denatured alcohol-related burn injury from 1 January
2001 to 31 December 2020. A total of 503 patients with a mean burn size of 24%
were hospitalized; the mean annual total costs per patient was €43,879, varying from
€31,518 to €63,274.00€; the total costs for denatured alcohol-related burns during the
period 2001–2020 was €21,145,076. We noted an increasing incidence of denatured
alcohol-related burns and related costs over the years, especially in the last decade. Our
results highlight that burns by methylated spirits are still a real and expanding problem.
Therefore, authorities should focus on sales rules, characteristics of the containers, and
education of people who misuse denatured alcohol, based on historical habits of use. To
reduce the socioeconomic costs of burns, future intervention strategies and studies from
the dermatology community and burn specialists should focus on prevention programs
and prompt wound healing to shorten the length of hospital stay, enable quick return to
work, and improve the outcomes of patients with burns.

Keywords: burns, denatured alcohol, methylated spirits, costs, costs analysis

INTRODUCTION

A burn injury is a common type of traumatic injury causing considerable morbidity and
mortality. Moreover, burns are also among the most expensive traumatic injuries because of long
hospitalization and rehabilitation and costly wound and scar treatments.

Burn care has greatly improved over the past few decades, with the concept of early excision
and grafting and a multidisciplinary approach to burn care (1–3), so even patients with extensive
burns can survive today (4, 5). Further advances in wound healing, rehabilitation, and counseling
are desirable to help burn survivors achieve an optimal quality of life. Unfortunately, health
innovations can be very expensive; therefore, cost-effectiveness analysis should also be considered.
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Total costs of burn care in high-income countries vary widely
across studies; hospital stay and intensive care in burn centers
are reported to be the major cost components (6–8), accounting
for approximately 82% of total burn care costs per patient, and
surgery was another major cost category.

Sometimes, a so devastating trauma for patients and high
charges for the healthcare system are due to misuse of trivial
substances, such as denatured alcohol (also called methylated
spirit), a cheap liquid sold freely to the general population
in supermarkets. Denatured alcohol is ethanol with additives,
such as methanol (methyl alcohol), that make it bad tasting to
discourage drinking. It is commonly used to initiate the ignition
of barbecues, fireplaces, campfires, wood-burning stoves, spirit
burners, or it can be used during cleaning, or to eliminate insects,
or for hairdressing or poured on fires; in rare cases, it could be
used for self-inflicted injuries (9–11). Furthermore, the damage
caused by denatured alcohol can affect not only users but also
close people. The problem of methylated spirit burns has also
emerged in the burn literature of previous studies, presenting
a casuistry linked to the misuse of accelerants, in particular
denatured alcohol (9, 10, 12–14).

MATERIALS AND METHODS

Our burn center at M. Bufalini Hospital in Cesena is a referral
center for a large territory of the north-middle east of Italy,
including Romagna and a part of the Emilia, Umbria, Marche,
and Abruzzo regions, but patients from other regions and
countries can be transferred in our burn center. It accommodates
four intensive care and four sub-intensive care beds.

We retrospectively reviewed our database searching for
patients with denatured alcohol burns who were admitted in
our burn unit between 1 January 2001 and 31 December 2020.
Our referral criteria for inpatients included all children with
burns over 5% and adults with burns over 10% of the total body
surface area (TBSA), burns in critical areas (i.e., face, hands,
genitalia, and perineum), full-thickness burns > 5% of TBSA,
and burns with associated inhalation injury. Data regarding
patient baseline characteristics and healthcare needs were found
in hospital patient records. In particular, for each patient, we
noted age, gender, year of injury, mechanism of injury, burned
TBSA, need for orotracheal intubation, blood transfusion, length
of stay, and, eventually, death.

The national cost rate per burned patient admitted to a burn
center has been defined as €1,751 per day in our region (Emilia-
Romagna) and in Italy since 2013, either for intensive and sub-
intensive burn care. This amount represents a comprehensive
reimbursement of costs related to inpatient care, because the cost
analysis of this function in previous years showed a remarkable
discrepancy between the evaluation of the Diagnosis Related
Groups (DRGs) rate activity and the real sustained costs. The
remuneration at a specific DRG rate does not correctly grasp the
peculiarities of the resource absorption profile of cases related
to this discipline. Hence, we applied the most recent cost for
everyday hospital stay of the patients included in the study for
the whole observed period to assess the cost of hospitalization.

RESULTS

A total of 2,286 patients were admitted to our burn unit at M.
Bufalini Hospital in Cesena, Italy, between 1 January 2001 and
31 December 2020 because of a burn injury due to any cause.
Among them, 503 subjects declared denatured alcohol-related
skin lesions and were reviewed for the present observational
retrospective study (Figure 1). In particular, 197 patients were
found in the period 2001–2010 and 306 in 2011–2020, with an
increase in the number of inpatients equaling to 64% in the
second decade when compared to the first.

Their mean age was 54 years (range 1–102 years); 53.48% of
the patients were male.

The mean denatured alcohol-related burn size was 24% (range
1–95; Table 1), and 10.7% of the patients required orotracheal
intubation, 31.4% needed blood transfusion, and 8.3% died
during hospitalization.

The mean length of stay was 25 days (range 1–250 days).
During the complete data analysis period, it was observed that
denatured alcohol burns were found to be about 22% of the
total burns. Furthermore, comparing the incidence of denatured
alcohol burns in the two decades under analysis (2001–2010 and
2011–2020), there was an increase of 10% over the two periods.
In the first decade, denatured alcohol burn-related admissions
were 17% of the total causes, and in the following decade, this
rate increased to 27% (Figure 2).

In our study, the total cost of denatured alcohol burns in the
2001–2020 period was €21,145,076. In the decade 2001–2010,
it was €8,233,202, while in the decade 2011–2020 it amounted
to €12,911,874, with an increase of 63% in the second decade
compared to the first.

The mean annual total cost per patient was €43,879, varying
from €31,518 to €63,274 (Figure 3).

DISCUSSION

Among health-related problems during the last few decades,
burns appear to have some of the most important socioeconomic
consequences. Burn treatment has often been identified as
expensive, especially compared to other known health problems
in high-income countries (15, 16).

Comparing our mean annual cost for denatured alcohol burn
victims’ treatment (€43,879) with the mean annual cost of stroke
survivors in Italy during the first year after stroke (€11,747) (15)
or the mean annual cost of HIV treatment in Italy [€6,399.23
(16)] burns present the highest expense.

According to our knowledge, in the published literature, mean
total costs for other patients with trauma were often estimated
lower (€10,603–€26,468) than for patients with burns (17).

In a study on intensive care unit (ICU) costs of patients
with burn, the authors compared the ICU-associated cost
of medications, infusion fluids, laboratory tests, radiological
investigations, and physiotherapy sessions of patients with burns
with controls matched for length of stay and acuity; they found
that ICU-related costs were similar between the groups except
for medical imaging, wound dressings, and physiotherapy costs

Frontiers in Medicine | www.frontiersin.org 2 June 2022 | Volume 9 | Article 914976

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-914976 June 15, 2022 Time: 6:39 # 3

Venturi et al. Costs of Denatured Alcohol Burns

FIGURE 1 | Denatured alcohol-induced burns over all-cause burns in inpatients in our burn center in the period 2001–2020.

(18). Moreover, the study only considered costs directly indexed
to the ICU budget and did not include operative or ward and
rehabilitation costs post-ICU discharge (18). Another analysis
revealed that for each additional percent of body surface area
grafted, hospital costs increased by US$ 2,63919 (19); thus the
hospital cost for patients with burns may be higher.

A systematic review showed that the mean cost per patient
with burn in high-income countries was US$ 88,218 (17).
In particular, the average cost of per patient burn care has
been reported as US$ 6,755 in Japan (20), US$ 15,250 in
Turkey (21), US$ 73,532 in Australia (22), US$22,759 (€26,540)
in the Netherlands (23), US$ 114,576 (€105,116) in the
United Kingdom (UK; for a patient with 27% TBSA) (7), US$
22,617 in the United Kingdom per burn care in primary and
secondary care settings (24), US$ 2,283 in Nepal as direct cost for

TABLE 1 | Sex, age, total body surface area (TBSA) of the examined patients.

Patient data

Females 46.52%

Mean age 53.7

Mean females 55.4

Mean age males 52.2

Mean TBSA burned 24%

Second-degree burn or more 17%

Median TBSA burned 20

Mode TBSA burned 20

S.D. in TBSA burned 17.01

inpatient burn treatment (25), US$ 1,060.5 in North India, US$
704 in Bangladesh, and US$ 559.85 per patient in Malawi (25).
Data were different in high vs. low- and middle-income countries
(LMICs; mean costs per patient $88,218 vs. $5,196), as in the last
countries there are different healthcare and finance structures,
price levels, treatment protocols, and therapeutic possibilities,
and limited resources (17, 25). The wide discrepancies in
various studies may also be due to differences in the examined
sample size, study subjects (children vs. adults), TBSA and burn
depth, and differences in methodological approaches, such as
bottom-up hospital costing (detailed itemized costing of staff,
equipment, drugs, consumables, and maintenance), top-down
costing (from detailed budgetary analysis for the hospital),
survey-based analyses, and DRGs (26, 27).

The purpose of this study was to focus on assessing the
denatured alcohol’s causal role in burn injury and its economic
burden to raise the awareness of health authorities about the cost
of this product for the national healthcare system and to show the
danger of denatured methyl alcohol to the general population.
To our knowledge, we present the first study focusing on the
economic burden of exclusive denatured alcohol-induced burns
caused by its improper and careless use.

In our study, the total costs for denatured alcohol-related
burn injuries during the period 2001–2020 was €21,145,076, with
average total costs equaling to €43,879 per inpatient. Recent
studies on burn costs in high-income countries mirror our
findings; they present burn care costs ranging from €6,436 to
€73,398 per patient for all etiologies (22, 28–30). In a study from
Finland on fire-related burns, the authors found that the median
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FIGURE 2 | Incidence of denatured alcohol burns in the examined period 2001–2020.

FIGURE 3 | Mean annual total costs per patient injured because of denatured alcohol.

cost for %TBSA was € 2,120 but increased significantly with high
%TBSA, and 7–8% of the cases (the extreme and most severe
ones) required up to 50% of the total costs (30). Higher age
was shown to be associated with higher costs and because our
population is aging, in the near future, burn care costs are likely
to rise too (26, 30).

The socio-demographic distribution of burn victims is another
relevant factor, as groups, such as women, children, and the
elderly, require more resources and incur greater costs (10). In
our study on denatured alcohol-related burns, the mean age
of subjects was 53.7 years, 46.5% were women, and the mean
burned TBSA was 24%. The last data are confirmed by a case

Frontiers in Medicine | www.frontiersin.org 4 June 2022 | Volume 9 | Article 914976

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-914976 June 15, 2022 Time: 6:39 # 5

Venturi et al. Costs of Denatured Alcohol Burns

series reporting severe burns due to biofuel heater injury with an
average burned TBSA equal to 24.7% (31). However, these factors
differ by country and possibly its socioeconomic level, and by the
cause, TBSA, and depth of burns.

Moreover, a burn injury leads to loss of work activity, so extra-
hospital costs should also be mentioned. Although the cost for
elderly patients is higher in terms of hospital costs for the same
TBSA compared to young people (mainly due to comorbidities
and later recovery) (30), the loss of work productivity in young
people must be considered in the overall cost of denatured
alcohol-related burns. Using the human capital approach (that
transforms years of life into monetary units) for indirect costs and
a bottom-up costing approach, Sanchez et al. (28) reported that
the mean annual cost (direct and indirect) per patient with burn
in Spain was US$ 99,773, with inpatient care and temporary and
permanent disability as the most important expense categories.
In particular, direct healthcare costs of patients with burns
represented only 19.6% of the total, so costs due to loss of
productivity accounted for more than 80%. In the United States,
a study estimated that the cost in terms of human capital per
medically treated burn injury amounted to US$ 15,733 for acute
and long-term treatments, wage loss following injury, and work
loss in the event of permanent disability (32).

In addition, a series of submerged health costs should also be
considered. One of these is the loss of quality of life of people
admitted to burn centers, assessed based on quality-adjusted
life-years (QALYs). As pointed out by Miller et al. (33), burns
reduce the short-term quality of life by 30% of initial levels,
with long-term losses comparable to traumatic brain injury.
Globally, it was evaluated that the average person suffering from
a fire, heat, or hot substance injury lost 3.2% of their full health
status (32). According to the WHO, burns cause more than 7.1
million injuries each year worldwide, loss of almost 18 million
disability-adjusted life years (DALYs; approximately 94% of those
in LMICs), and more than 265,000 deaths (approximately 92% of
those in LMICs) (34).

Sanchez et al. (35) measured the quality of life of patients at
the end of the follow-up period using the EuroQol 5-Dimensions
survey. The group found that the mean cost per patient,
including social and labor costs, was $95,551, with healthcare
costs amounting to only 10%, while the labor costs amounted to
56% and, together with the social costs, constituted 85% of the
total costs (35). The outcome and returning to work after a burn
injury depends on many factors, i.e., predictors of absenteeism
could be TBSA, length of stay, ICU admission, surgery, and
psychiatric disorders (36).

At the extreme end, 8.3% of the patients in our casuistry died
during hospitalization, not so far from a mortality rate study that
found that about 5% of hospitalizations from burns ended in
hospital death (37), quite similar to the fire-related burn study
from Finland where 6% of the patients died during care (30).
Accelerant-related burn-injured patients have a mortality rate 3
times higher than that of other burn victims (27). The indirect
monetary burden of burn deaths is also considerable. Haikonen
et al. (38), using the human capital method, found that the total
productivity loss in Finland in the period 2000–2010 was c.a.
€ 342 million, an annual average of € 31.1 million, with the

mean for a victim being €0.315 million. In addition to monetary
losses, some 30,000 years of life were lost because of premature
deaths (38).

In our study, we found that denatured-alcohol burns were
about 22% of the total causes with an increasing incidence of 10%
in the two analyzed decades (17% in 2001–2010 and 27% of all
etiologies in 2011–2020). This incidence trend has led to raising
costs of inpatient care over the years, but our data revealed a
surprising augmentation in the economic expenses of up to 63%
in the second decade compared to the first, as the costs were
€8,233,202 in 2001–2010 and €12,911,874 in 2011–2020. This
raising cost mirrors the increased absolute number of inpatients
in the two periods, i.e., 197 subjects in the first decade and 306 in
the second (+ 64% of patients in the last period with denatured
alcohol-related burns). Also, the incidence in our casuistry is
impressive, as in the study published by Jansbeken et al. (9)
methylated alcohol burns were 3% of the inpatient population.
Otherwise, the increasing trend is similar to other studies that
pointed out a relative increase in methylated spirit burns over
the years (9). This can be explained by increasing outdoor
recreational activities in family groups, such as reunions for
barbecues or campfires, with fewer preventive measures, or the
increasing popularity and distribution of burn devices. Even in
the past coronavirus disease 2019 (COVID-19) pandemic years,
an increasing incidence of denatured alcohol-linked burns was
observed, due to home quarantine, the practice of hand sanitizing
using alcohol, as well as family recreation (12). Accidents due to
denatured alcohol also occur because it burns with an invisible
flame under bright light (13, 14). Moreover, it is often thrown
onto already ignited fires, so the liquid ignites, the flame follows
the stream of fuel into the bottle, and the inside vapor with
the whole bottle explodes, propelling burning liquid at the user
(9, 13, 14). An important safety preventive measure could be
a flame arrester that manufacturers could install in the bottle.
That would prevent the explosion, blocking the flame from
following the stream of liquid into the bottle (13). Moreover, it
was observed that a dispenser with a liquid jet opening less than
about 0.9 mm does not propagate the flame back toward the vapor
inside the container, limiting the risk of explosion (14). Another
safe option would be production of a diluted form of denatured
alcohol to prevent explosion. Finally, many people are not even
conscious of the hazard of denatured alcohol’s invisible flame
(13, 14) so educational campaigns are encouraged. Also, from
an economic perspective, prevention of burns is a “hot topic”
and needs attention. This could generate savings in health costs,
avert early mortality, and thus support the survivors’ contribution
to the economy. Another similar potential source for severe
burn accidents is bioethanol-fueled fireplaces for interior home
decoration, which were found responsible for severe burn injuries
even though safety instructions were followed (27, 31). Because
of the great potential risks, some authors evoked the withdrawal
from the market of these products to prevent further harm and
potential mortality (31), while others recommended the use of
safety fuel gel or changing the bottle cap to a secure lock-cap (39).

This study has some limitations. This is a monocentric study,
so it has a limited sample size but it is based on a very large
cohort of patients covering a period of 20 years. We did not
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stratify the patients for age, TBSA, and burn depth, and we did
not calculate indirect costs, but these data were beyond the scope
of our study that was focused on the costs for the healthcare
system linked to methylated alcohol burns. In Eldad’s analysis,
hospital stay costs of a severely burned person were attributed
to salaries for 37.5%, medical and surgical materials for 22%,
medicines 7%, nutrition 3.5%, laboratory 14%, blood, and derived
products 15% (40). We did not perform this distinction in our
analysis, because we applied an overall reimbursement that was
considered a comprehensive inpatient cost defined by the Italian
healthcare system in 2013. Besides evolving technologies and
standards of care over the years, we also applied this criterion
for the previous decade, because this amount is still ongoing and
it was calculated by the national healthcare system on previous
DRGs and real costs. Hence, it should also reflect the overall
expenses of the past years.

CONCLUSION

The present article, the first focusing exclusively on the financial
burden of denatured alcohol burns, is supposed to increase
attention to the hazard of the use of denatured alcohol and the
relative economic costs of its care. Furthermore, there are non-
care (indirect and/or intangible) costs to be evaluated, such as
rehabilitation costs and considerable human, financial, and time
resources, required to the patient and his family. The results
of our local burn center sited in the north-middle east of Italy
could be extended to be representative of the economic burden of
denatured alcohol-related burn injuries all over the country and
in other high-income countries.

Most methylated spirit burns are preventable, so the best care
for these burn injuries is prevention. As a further improvement
in burn management, prevention of burn injury is crucial
to decrease the long-term disability, morbidity, mortality, and
economic burden caused by severe burns. Law and regulation,
environmental and consumer product designs, and educational
programs are landmarks in prevention (41). Hence, the results
of this study should support and stimulate new studies and
strategies on the prevention of denatured alcohol burns, new
health policies of public awareness, and encourage the correct use
of methyl alcohol in the general population.

Further burn care cost studies should focus on long-
term economic expenditures; topics to explore are the extent
of skincare costs (such as dermatologic medications for
residual disepithelialized areas, reconstructive surgery, and scar
treatments), medical costs not related to the burn center (such as
rehabilitation), long-term non-medical costs (such a permanent
absence from work), and the significant impact on quality
of life and stress disorders in patient subgroups and families
(42). Additionally, to reduce the costs of burn care, future
intervention studies from the dermatology community as well
as burn specialists should focus on timely wound healing to
reduce the length of hospital stay and enable a quick return to
work. National and international registrations of burn injuries
will enable further epidemiologic research and will certainly lead
to better targeted prevention programs and campaigns and cost-
effective multidisciplinary burn treatments. Dermatologists, as
specialists in skin failures, such as burn injuries, are part of
this multidisciplinary burn team and should know the costs of
burns and should be involved in prevention programs, future
studies, and strategies to improve wound healing and burn
patient outcome.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work, and approved it for publication.

REFERENCES
1. Barrow R, Herndon DN. History of Treatments of Burns. Total Burn Care. 3rd

ed. Philadelphia, PA: Saunders-Elsevier (2007). p. 1–8.
2. Herndon DN, Barrow RE, Rutan RL, Rutan TC, Desai MH, Abston S. A

comparison of conservative versus early excision. Therapies in severely burned
patients. Ann Surg. (1989) 209:547–52. doi: 10.1097/00000658-198905000-
00006

3. Herndon DN, Barrow RE, Kunkel KR, Broemeling L, Rutan
RL. Effects of recombinant human growth hormone on donor-
site healing in severely burned children. Ann Surg. (1990)
212:424–9; discussion 430–1. doi: 10.1097/00000658-199010000-0
0005

4. Fratianne RB, Brandt CP. Improved survival of adults with extensive burns.
J Burn Care Rehabil. (1997) 18:347–51. doi: 10.1097/00004630-199707000-
00013

5. Wolf SE, Rose JK, Desai MH, Mileski JP, Barrow RE, Herndon DN. Mortality
determinants in massive pediatric burns. an analysis of 103 children with > or
= 80% TBSA burns (> or = 70% full-thickness). Ann Surg. (1997) 225:554–65;
discussion 565–9. doi: 10.1097/00000658-199705000-00012

6. Pellatt RAF, Williams A, Wright H, Young AER. The cost of a major paediatric
burn. Burns J Int Soc Burn Inj. (2010) 36:1208–14. doi: 10.1016/j.burns.2010.
04.008

7. Hemington-Gorse SJ, Potokar TS, Drew PJ, Dickson WA. Burn care costing:
the Welsh experience. Burns J Int Soc Burn Inj. (2009) 35:378–82. doi: 10.1016/
j.burns.2008.08.012

8. Griffiths HR, Thornton KL, Clements CM, Burge TS, Kay AR, Young AER.
The cost of a hot drink scald. Burns J Int Soc Burn Inj. (2006) 32:372–4.
doi: 10.1016/j.burns.2005.10.025

9. Jansbeken JRH, Vloemans AFPM, Tempelman FRH, Breederveld RS.
Methylated spirit burns: an ongoing problem. Burns J Int Soc Burn Inj. (2012)
38:872–6. doi: 10.1016/j.burns.2011.10.006

Frontiers in Medicine | www.frontiersin.org 6 June 2022 | Volume 9 | Article 914976

https://doi.org/10.1097/00000658-198905000-00006
https://doi.org/10.1097/00000658-198905000-00006
https://doi.org/10.1097/00000658-199010000-00005
https://doi.org/10.1097/00000658-199010000-00005
https://doi.org/10.1097/00004630-199707000-00013
https://doi.org/10.1097/00004630-199707000-00013
https://doi.org/10.1097/00000658-199705000-00012
https://doi.org/10.1016/j.burns.2010.04.008
https://doi.org/10.1016/j.burns.2010.04.008
https://doi.org/10.1016/j.burns.2008.08.012
https://doi.org/10.1016/j.burns.2008.08.012
https://doi.org/10.1016/j.burns.2005.10.025
https://doi.org/10.1016/j.burns.2011.10.006
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-914976 June 15, 2022 Time: 6:39 # 7

Venturi et al. Costs of Denatured Alcohol Burns

10. Afieharo IM, Ayodele OI. Methylated spirit burns following traditional hair
dressing practice. Burns J Int Soc Burn Inj. (2018) 44:e17–8. doi: 10.1016/j.
burns.2016.08.033

11. Pellard S, Camp D, Potokar TS. Bangers, burgers and burns. A 10-year review
of barbeque burns in South Wales. Burns J Int Soc Burn Inj. (2006) 32:913–5.
doi: 10.1016/j.burns.2006.02.027

12. Hohl DH, Coltro PS, Silva GMA, Silveira VG, Farina JA. Covid-19 quarantine
has increased the incidence of ethyl alcohol burns. Burns J Int Soc Burn Inj.
(2021) 47:1212. doi: 10.1016/j.burns.2020.05.025

13. Nemire K. The Hidden Hazard of an Invisible Flame. Proc Hum Factors Ergon
Soc Annu Meet. (2014) 58:1869–73. doi: 10.1177/1541931214581391

14. Log T, Moi AL. Ethanol and methanol burn risks in the home environment.
Int J Environ Res Public Health. (2018) 15:E2379. doi: 10.3390/ijerph151
12379

15. Fattore G, Torbica A, Susi A, Giovanni A, Benelli G, Gozzo M, et al.
The social and economic burden of stroke survivors in Italy: a prospective,
incidence-based, multi-centre cost of illness study. BMC Neurol. (2012) 12:137.
doi: 10.1186/1471-2377-12-137

16. Trapero-Bertran M, Oliva-Moreno J. Economic impact of HIV/AIDS: a
systematic review in five European countries. Health Econ Rev. (2014) 4:15.
doi: 10.1186/s13561-014-0015-5

17. Hop MJ, Polinder S, van der Vlies CH, Middelkoop E, van Baar ME. Costs of
burn care: a systematic review. Wound Repair Regen Off Publ Wound Heal Soc
Eur Tissue Repair Soc. (2014) 22:436–50. doi: 10.1111/wrr.12189

18. Patil V, Dulhunty JM, Udy A, Thomas P, Kucharski G, Lipman J. Do burn
patients cost more? The intensive care unit costs of burn patients compared
with controls matched for length of stay and acuity. J Burn Care Res Off Publ
Am Burn Assoc. (2010) 31:598–602. doi: 10.1097/BCR.0b013e3181e4d6a4

19. Klein MB, Hollingworth W, Rivara FP, Kramer CB, Askay SW, Heimbach DM,
et al. Hospital costs associated with pediatric burn injury. J Burn Care Res Off
Publ Am Burn Assoc. (2008) 29:632–7. doi: 10.1097/BCR.0b013e31817db951

20. Endo A, Shiraishi A, Otomo Y, Fushimi K, Murata K. Volume-outcome
relationship on survival and cost benefits in severe burn injury: a retrospective
analysis of a Japanese nationwide administrative database. J Intensive Care.
(2019) 7:7. doi: 10.1186/s40560-019-0363-7

21. Sahin I, Ozturk S, Alhan D, Açikel C, Isik S. Cost analysis of acute burn patients
treated in a burn centre: the Gulhane experience. Ann Burns Fire Disasters.
(2011) 24:9–13.

22. Ahn CS, Maitz PKM. The true cost of burn. Burns J Int Soc Burn Inj. (2012)
38:967–74. doi: 10.1016/j.burns.2012.05.016

23. Hop MJ, Wijnen BFM, Nieuwenhuis MK, Dokter J, Middelkoop E, Polinder
S, et al. Dutch Burn Repository group. Economic burden of burn injuries
in the Netherlands: a 3 months follow-up study. Injury. (2016) 47:203–10.
doi: 10.1016/j.injury.2015.09.009

24. Guest JF, Fuller GW, Edwards J. Cohort study evaluating management of burns
in the community in clinical practice in the UK: costs and outcomes. BMJ
Open. (2020) 10:e035345. doi: 10.1136/bmjopen-2019-035345

25. Poudel AN, Price P, Lowin J, Shilpakar R, Nakarmi K, Potokar T. The cost
of inpatient burn management in Nepal. Burns J Int Soc Burn Inj. (2021)
47:1675–82. doi: 10.1016/j.burns.2021.01.016

26. Abdelrahman I, Steinvall I, Fredrikson M, Sjoberg F, Elmasry M. Use
of the burn intervention score to calculate the charges of the care of
burns. Burns J Int Soc Burn Inj. (2019) 45:303–9. doi: 10.1016/j.burns.2018.
12.007

27. Saavedra PAE, De Oliveira Leal JV, Areda CA, Galato D. The costs of burn
victim hospital care around the World: a systematic review. Iran J Public
Health. (2021) 50:866–78. doi: 10.18502/ijph.v50i5.6104

28. Sanchez JLA, Bastida JL, Martínez MM, Moreno JMM, Chamorro JJ. Socio-
economic cost and health-related quality of life of burn victims in Spain. Burns
J Int Soc Burn Inj. (2008) 34:975–81. doi: 10.1016/j.burns.2007.12.011

29. Jeevan R, Rashid A, Lymperopoulos NS, Wilkinson D, James MI. Mortality and
treatment cost estimates for 1075 consecutive patients treated by a regional
adult burn service over a five year period: the Liverpool experience. Burns J Int
Soc Burn Inj. (2014) 40:214–22. doi: 10.1016/j.burns.2013.11.020

30. Haikonen K, Lillsunde PM, Vuola J. Inpatient costs of fire-related injuries in
Finland. Burns J Int Soc Burn Inj. (2014) 40:1754–60. doi: 10.1016/j.burns.
2014.03.016

31. Heald A, Muller M. Severe burns due to biofuel heater injury: a case series.
Burns J Int Soc Burn Inj. (2016) 42:e13–7. doi: 10.1016/j.burns.2015.04.013

32. James SL, Lucchesi LR, Bisignano C, Castle CD, Dingels ZV, Fox JT, et al.
Epidemiology of injuries from fire, heat and hot substances: global, regional
and national morbidity and mortality estimates from the Global Burden of
Disease 2017 study. Inj Prev J Int Soc Child Adolesc Inj Prev. (2020) 26:i36–45.
doi: 10.1136/injuryprev-2019-043299

33. Miller T, Bhattacharya S, Zamula W, Lezotte D, Kowalske K, Herndon D,
et al. Quality-of-life loss of people admitted to burn centers, United States.
Qual Life Res Int J Qual Life Asp Treat Care Rehabil. (2013) 22:2293–305.
doi: 10.1007/s11136-012-0321-5

34. Rybarczyk MM, Schafer JM, Elm CM, Sarvepalli S, Vaswani PA, Balhara KS,
et al. Prevention of burn injuries in low- and middle-income countries: a
systematic review. Burns J Int Soc Burn Inj. (2016) 42:1183–92. doi: 10.1016/j.
burns.2016.04.014

35. Sánchez J-LA, Perepérez SB, Bastida JL, Martínez MM. Cost-utility analysis
applied to the treatment of burn patients in a specialized center. Arch Surg
Chic Ill 1960. (2007) 142:50–7; discussion 57. doi: 10.1001/archsurg.142.1.50

36. Goei H, Hop MJ, van der Vlies CH, Nieuwenhuis MK, Polinder S, Middelkoop
E, et al. ‘Dutch Burn Repository group’ consists of. Return to work
after specialised burn care: a two-year prospective follow-up study of the
prevalence, predictors and related costs. Injury. (2016) 47:1975–82. doi: 10.
1016/j.injury.2016.03.031

37. Canadian Institute for Health Information [CIHI]. Ontario Trauma Registry
Bulletin: a description of burn injury admissions in Ontario, 1998/1999. Ottawa:
Canadian Institute for Health Information (2001).

38. Haikonen K, Lillsunde PM, Lunetta P, Kokki E. Economic burden of fire-
related deaths in Finland, 2000-2010: indirect costs using a human capital
approach. Burns J Int Soc Burn Inj. (2016) 42:56–62. doi: 10.1016/j.burns.2015.
10.015

39. Kraemer R, Knobloch K, Lorenzen J, Breuing KH, Koennecker S, Rennekampff
H-O, et al. Severe burn injuries caused by bioethanol-design fireplaces-an
overview on recreational fire threats. J Burn Care Res Off Publ Am Burn Assoc.
(2011) 32:173–7. doi: 10.1097/BCR.0b013e31820aade7

40. Eldad A, Stern Z, Sover H, Neuman R, Ben Meir P, Wexler MR. The cost
of an extensive burn survival. Burns J Int Soc Burn Inj. (1993) 19:235–8.
doi: 10.1016/0305-4179(93)90157-4

41. Liao CC, Rossignol AM. Landmarks in burn prevention. Burns J Int Soc Burn
Inj. (2000) 26:422–34. doi: 10.1016/s0305-4179(00)00026-7

42. van Loey NE, van Beeck EF, Faber BW, van de Schoot R, Bremer M. Health-
related quality of life after burns: a prospective multicenter cohort study
with 18 months follow-up. J Trauma Acute Care Surg. (2012) 72:513–20.
doi: 10.1097/ta.0b013e3182199072

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Venturi, Bruzziches, Orlandi, Altini, Rubegni and Melandri.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Medicine | www.frontiersin.org 7 June 2022 | Volume 9 | Article 914976

https://doi.org/10.1016/j.burns.2016.08.033
https://doi.org/10.1016/j.burns.2016.08.033
https://doi.org/10.1016/j.burns.2006.02.027
https://doi.org/10.1016/j.burns.2020.05.025
https://doi.org/10.1177/1541931214581391
https://doi.org/10.3390/ijerph15112379
https://doi.org/10.3390/ijerph15112379
https://doi.org/10.1186/1471-2377-12-137
https://doi.org/10.1186/s13561-014-0015-5
https://doi.org/10.1111/wrr.12189
https://doi.org/10.1097/BCR.0b013e3181e4d6a4
https://doi.org/10.1097/BCR.0b013e31817db951
https://doi.org/10.1186/s40560-019-0363-7
https://doi.org/10.1016/j.burns.2012.05.016
https://doi.org/10.1016/j.injury.2015.09.009
https://doi.org/10.1136/bmjopen-2019-035345
https://doi.org/10.1016/j.burns.2021.01.016
https://doi.org/10.1016/j.burns.2018.12.007
https://doi.org/10.1016/j.burns.2018.12.007
https://doi.org/10.18502/ijph.v50i5.6104
https://doi.org/10.1016/j.burns.2007.12.011
https://doi.org/10.1016/j.burns.2013.11.020
https://doi.org/10.1016/j.burns.2014.03.016
https://doi.org/10.1016/j.burns.2014.03.016
https://doi.org/10.1016/j.burns.2015.04.013
https://doi.org/10.1136/injuryprev-2019-043299
https://doi.org/10.1007/s11136-012-0321-5
https://doi.org/10.1016/j.burns.2016.04.014
https://doi.org/10.1016/j.burns.2016.04.014
https://doi.org/10.1001/archsurg.142.1.50
https://doi.org/10.1016/j.injury.2016.03.031
https://doi.org/10.1016/j.injury.2016.03.031
https://doi.org/10.1016/j.burns.2015.10.015
https://doi.org/10.1016/j.burns.2015.10.015
https://doi.org/10.1097/BCR.0b013e31820aade7
https://doi.org/10.1016/0305-4179(93)90157-4
https://doi.org/10.1016/s0305-4179(00)00026-7
https://doi.org/10.1097/ta.0b013e3182199072
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles

	Economic Burden of Denatured Alcohol-Induced Burns: A 20-Year Retrospective Study
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


