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Abstract: The aim of this study was to provide insight into the admission rate, treatment, and healthcare costs of patients with fireworks-related burns admitted to a Dutch burn center in the past
10 years. We hypothesized that, like the nationwide number of injuries, the number of patients
admitted to a burn center with fireworks-related burn injuries would have decreased during the
study period. In this retrospective multicenter cohort study, all patients with fireworks-related burns
admitted to a Dutch burn center between 2009 and 2019 were eligible. Patients were identified
from a national database and data were obtained regarding admission details, patient and injury
characteristics, treatment, and healthcare costs. A total of 133 patients were included. On average,
12 patients were admitted per year. No increase or decrease was observed during the study period.
The median total body surface area burned was 1% (P25 –P75 0.5–2.5) and 75% of the burns were of
partial thickness. Thirteen (10%) patients were admitted to the ICU and 66 (50%) underwent surgical
treatment. The mean total healthcare costs across all 133 patients were estimated at €9040 (95% CI
€5830 to €12,260) per patient. In contrast to the hypothesis, no increase or decrease was observed
in burn center admissions over the past 10 years. Most burns were of small size, but nevertheless,
all patients were admitted to a burn center and half of them underwent surgical treatment.
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1. Introduction

distributed under the terms and

Worldwide, fireworks are used to celebrate all kinds of cultural or religious festivities, such as Guy Fawkes Day in the United Kingdom, festival of lights (Diwali) in India,
and New Year’s Eve in several countries, such as the Netherlands [1–4]. However, the use
of consumer fireworks is not without any danger, as fireworks have the potential to cause
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permanent physical damage, such as scars, blind eyes, and amputated digits. In some
cases, they can even have fatal consequences. Most injuries occur in young males, of approximately 10–19 years old, and most of the injuries are burns to the hand [2–11].
During New Year’s Eve 2018–2019, approximately 400 patients visited a Dutch
emergency department for medical treatment because of fireworks-related injuries [3,12].
Some patients required treatment at a specialized burn center because of severe burns.
These injuries do not only have a major impact on patients’ physical and psychological
health, they also lead to increased medical costs. Besides the physical damage, fireworks
also cause severe public disturbance. Each year, hundreds of incidents occur during the
night of New Year’s Eve, including vandalism, arson, and violence against emergency
responders. Therefore, it is considered to be the most unsafe and an expensive event of the
year in the Netherlands [13].
Although the request for a general ban on the use of consumer fireworks has been
growing over the past decade, the Dutch government has not been willing to meet this
request. Several actions have been taken in the past years in order to reduce the number of
injuries, such as limiting the legally permitted time to use fireworks, a ban on dangerous
fireworks (e.g., Roman candles), and the introduction of fireworks-free areas. Since then,
a decrease has been observed in the nationwide number of patient who presented to Dutch
emergency departments [12]. However, currently, it has not been investigated whether this
also led to a decrease in the number of burn center admissions. Furthermore, the financial
impact of these patients from a public healthcare perspective remains unclear.
Therefore, the aim of this study was to provide insight into the admission rate, treatment, and healthcare costs of patients with fireworks-related burn injuries admitted to
Dutch burn centers. We hypothesized that, like the nationwide number of injuries, the number of patients admitted to a burn center with fireworks-related burn injuries has decreased
during the study period. The results of this study provide additional insight into the
consequences of fireworks which may support the public and political debate about the
use of consumer fireworks.
2. Results
2.1. Inclusions
During the 10-year study period, 7417 burn patients were admitted to any of the three
Dutch burn centers. A total of 133 patients with fireworks-related burns were admitted
and included in the current study.
2.2. Trends in Admissions
Figure 1A shows that the majority (89%) of admissions in the past 10 years were
in December and January. Most patients (N = 106; 80%) were admitted between 29
December and 3 January and 93 (70%) patients were admitted on 31 December and 1
January. The annual number of admissions fluctuated substantially, from three in 2010 up
to 18 in 2014 (Figure 1B). On average 12 patients were admitted per year. No increase or
decrease was observed during the study period.
The number of patients with fireworks-related burns admitted to a burn center per
month of all years combined (2009–2019).
2.3. Patient and Injury Characteristics
The median age for the entire cohort was 15 years (P25 –P75 11–25; range 2–78),
and most were males (N = 103; 77%; Table 1). The median percentage total body surface area (TBSA) burned was 1% (P25 –P75 0.5–2.5; range 0.1–40), and the majority of burns
were of partial thickness (N = 100; 75%). Two patients had ≥15% TBSA burned. Most of
the injuries were located to the head/neck (N = 67; 50%), followed by the hand (N = 40;
30%; Figure 2).
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Figure 1. (A) The monthly number of admissions. (B) The annual number of burn center admisFigure 1. (A) The monthly number of admissions. (B) The annual number of
sions overall (black line) and for the months of December and January (red line).
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2.3. Patient and Injury Characteristics
The 1.
median
age
for the entire cohort was 15 years (P25–P75 11–25; range 2–78), and
Table
Patient
characteristics.
most were males (N = 103; 77%; Table 1). The median percentage total body surface area
(TBSA) burned was 1% (P25–P75 0.5–2.5; range 0.1–40), and the majority of burns
Allwere
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partial thickness (N = 100; 75%). Two patients had ≥15% TBSA burned. Most of the injuries
Age (year)
(11–25)
were located to the head/neck
(N = 67; 50%), followed by the hand (N = 40; 30%; 15
Figure
2).

0–4

Table 1. Patient characteristics.5–9

10–14
15–19
Age (year)
20–29
0–4
30–39
5–9
40–49
10–14
50–59
15–19
≥60
Male
TBSA (%)
≥15% TBSA
Partial thickness
Full thickness
Additional injury
Soft tissue damage
Eye injury
Fractures
Subcutaneous emphysema

All (N = 133)
15 (11–25)
5 (4)
18 (14)
39 (29)
20 (15)

5 (4)
18 (14)
39 (29)
20 (15)
27 (20)
7 (5)
9 (7)
6 (5)
2 (2)
103 (77)
1.0 (0.5–2.5)
2 (2)
100 (75)
45 (34)
23 (17)
11 (48)
10 (43)
5 (22)
1 (4)

Data are presented as median (P25 –P75 ) or N (%). TBSA, total body surface area.
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2.4. Treatment Characteristics
2.4. Treatment Characteristics
The median length of hospital stay was 1 (P –P75 1–5; range 0–77) day (Table 2).
The median length of hospital stay was 1 (P25–P25
75 1–5; range 0–77) day (Table 2). ThirThirteen (10%) patients were admitted to the ICU with a median duration of 2 (P25 –P75 2–5;
teen (10%) patients were admitted to the ICU with a median duration of 2 (P25–P75 2–5;
range 1–35) days. Nine patients required mechanical ventilation. Half of all patients (N = 66)
range 1–35) days. Nine patients required mechanical ventilation. Half of all patients (N =
underwent surgical treatment in the acute phase, and the most commonly performed type
66) underwent surgical treatment in the acute phase, and the most commonly performed
of surgery was split skin grafting (N = 54; 82%). Four (3%) patients needed reconstructive
type of surgery was split skin grafting (N = 54; 82%). Four (3%) patients needed reconsurgery at a later stage (Table 3). Forty-seven (35%) patients were treated in a day care
structive
surgery
at (12%)
a laterwere
stagere-admitted.
(Table 3). Forty-seven
(35%)
patients
treated in a
setting and
only 16
The mortality
in this
studywere
was zero.
day care setting and only 16 (12%) were re-admitted. The mortality in this study was zero.
Table 2. Treatment characteristics.
All (N = 133)
Length of stay (days)
ICU admission needed
Duration (days)
Surgical treatment for wound closure
Mechanical ventilation
Type of surgery performed in acute phase
Wound excision & primary closure
Split skin graft
Meek wall
Full thickness graft
Dermal substitute (Integra© )
Vacuum Assisted Closure system
Amputation
Reconstructive surgery
Day care treatment a
Discharged home
Re-admitted

1 (0–5)
13 (10)
2 (2–5)
66 (50)
9 (7)
12 (18)
54 (82)
1 (2)
1 (2)
1 (2)
2 (3)
2 (3)
4 (3)
47 (35)
130 (98)
16 (12)

Data are presented as median (P25 –P75 ) or N (%). ICU, intensive care unit. a Day care, patients who were admitted
and discharged on the same day.
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Table 3. Reconstructive surgery details.
Patient Age Category (Years)

TBSA on Injury (%)

Time to Reconstruction (Months)

1

15–19

0.5

14

2

30–34

6.0

10

2
3
4

30–34
15–19
25–29

6.0
0.5
40.0

19
5
18

Indication

Technique

Contractures
Wound problems and
contractures
Wound problems
Webspace contracture
Contractures

Release and random flap
Excision and split skin graft
Excision and primary closure
Excision and random flap
Excision and full thickness graft

2.5. Costs for Specialized Burn Care
The mean total healthcare costs across all 133 patients for specialized burn care were
estimated at €9040 (95% CI €5832 to €12,257) per patient. Non-ICU burn center days
accounted for 45% of the total costs for specialized burn care, followed by ICU days (20%),
and surgical treatment (16%; Table 4). The mean total costs were lowest for patients who
were treated in day care alone (€975 (95% CI €765 to €1185)) and highest for patients
requiring hospital admission and surgical treatment (€13,834 (95% CI €7600 to €20,070).
Table 4. Mean direct medical costs per patient in specialized burn care.
Cost Category

Direct Medical Costs per Patient (in €)

Transportation
Non-ICU burn center days
ICU burn center days
Day care
Surgical treatment
Reconstructive surgery
Total costs
Estimated extra costs *
Total costs entire population
Total costs patients treated in day care only
Total costs patients admitted but not operated
Total costs patients admitted and operated

430 (290 to 580)
4160 (2830 to 5480)
1810 (0 to 3620)
150 (110 to 190)
1410 (950 to 1870)
50 (0 to 100)
8000 (5160 to 10,850)
1040 (670 to 1410)
9040 (5840 to 12,260)
975 (765 to 1185)
5060 (3715 to 6400)
13,834 (7600 to 20,070)

Costs are presented as mean costs per patient with 95% confidence interval between brackets. Costs were
calculated for all 133 patients combined, except for the three subgroups mentioned at the three bottom rows.
* 13% of the total costs were estimated as costs for diagnostic procedures, other treatment, clinical consultations,
and outpatient burn care, based on patients with total body surface area burned between 0 and 5% [14]. These extra
costs were added to the total costs to estimate the total costs for specialized burn care.

3. Discussion
This retrospective cohort study investigated the admission of patients with fireworksrelated burn injuries over the past decade. Although the nationwide number of patients
who presented to an emergency department has decreased [12], this study found no
increase or decrease in burn center admissions over the past 10 years. The annual number
of burn center admission fluctuated widely per year. Previous studies have also shown
no evident reduction in burn center admissions in the past years [8,15]. Although it is
unknown to what extent preventive measures were taken in other countries, data from this
current study suggest that the preventive actions taken by the Dutch government so far
have not led to a reduction of admissions to a burn center. Given that, on a nationwide scale,
the number of patients who presented to an emergency department has been decreasing,
it is a possibility that these measures were only effective for patients with minor burns
or for patients with other types of injuries [16]. Those patients may not need to present
to a burn center, which may explain why the current study found no decrease in patient
numbers. This is supported by a previous study reporting a decreasing incidence rate of
fireworks-related eye injuries [17]. Another possibility is that the amount of fireworks used
has increased, and that this compensated for a decrease of injuries per consumer.
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The current data do not allow drawing conclusions about the effectiveness of preventive measures implemented during the study period. Such inference would require
national data from all burn centers and non-burn centers combined, and both from admitted and non-admitted patients. Many governmental measures, such as shortening the time
frame during which fireworks are allowed, permission of only light types of fireworks,
and the installation of fireworks-free zones (in general, not exceeding a few hundred square
meters around, e.g., nursing homes), have not been implemented to reduce the number of
victims, but to diminish public nuisance. A preventive effect of such measures on injuries
has been claimed by politicians, but our data do not support this assumption. However,
the total prohibition on consumer fireworks as proclaimed by the government last year to
relieve the overloaded healthcare system, due to COVID-19 infection, seemed to be very
effective to reduce the number of fireworks-related injuries. Unfortunately, real data are
not yet available.
The annual fluctuation of burn center admissions might be a result of the weather
conditions during New Year’s Eve. As a result, fewer people may be handling fireworks,
resulting in fewer injuries. In order to reduce the number of burn center admissions, additional or alternative measures are needed. Collaboration between burn center clinicians
and the government is important when educating the public about the potential dangers
of fireworks. As physicians involved in treating patients with fireworks-related injuries,
we advocate for a total ban on consumer fireworks and plea for the use of safer alternatives,
such as non-fire generating, electronic laser firework simulations. Furthermore, we advocate that only trained and licensed persons are legally allowed to handle fireworks, and that
fireworks displays can be organized on a local scale.
The median TBSA burned in this study was 1%, which is similar to a previous
study [15]. Despite the burn injuries being of relatively small size, all patients were admitted to a burn center. Probably, these patients were admitted because of a predominance of
burns located to functional areas including the hand, head, and neck. That is one of the
referral criteria for burn center presentation. Inhalation injury, which can lead to airway
obstruction, is frequently diagnosed in patients with facial burns [18]. These patients may
require observation of the airways. This is supported by the very short (one day) hospital
length of stay found in this study. Although the median burn size was small, patients had
up to 40% of TBSA burned. Moreover, all patients needed burn center admission and half
of all patients needed surgery. This is comparable with the general population of admitted
burn center patients (45%) [19]. At first glance, most burn injuries found in this study do
not seem to be very severe. However, with a TBSA burned up to 40% and many patients
requiring surgical treatment, the dangers of fireworks must not be underestimated. Moreover, although not observed in this study, on average, one person dies each year due to the
use of consumer fireworks [12], and many more become blind or lose a finger [17,20,21].
Furthermore, this study was the first to determine the healthcare costs for specialized
burn care in patients with fireworks-related burns. No previous studies were available
for a proper comparison. This study found that, on average, €9040 could be saved for
each patient who would not have sustained fireworks-related injuries. Potential savings
could even be much higher for each prevented case of patient requiring surgical treatment.
This is a significant amount, given that most patients had only small burns. However,
due to the relatively small sample size, the mean costs were skewed and affected by some
patients with relatively high costs (outliers). This shows that the mean costs were mainly
determined by a small selection of patients. Nevertheless, fireworks-related injuries can be
prevented easily. Reducing the numbers will not only reduce the economic burden, but will
also prevent cases of patients with life-long injuries as a result of scarring. The cost analysis
in this study was confined to the health care perspective and included direct medical costs
only. However, fireworks-injuries also result in indirect non-medical costs, as a result of
absenteeism from work or lost productivity. In a cost analysis from a societal perspective,
increased costs would also be included, due to vandalism and the deployment of extra
personnel during New Year’s Eve.
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3.1. Strengths and Limitations
This was the first study to provide information about patients with fireworks-related
burns admitted to a specialized burn center. Due to the 10-year study period, this study
was able to provide data about trends in burn center admissions over a longer period of
time. Furthermore, this study was the first to provide data about the healthcare costs of
this particular population.
A limitation of this study was that no other outcome measures were obtained besides
treatment outcomes. Such data are important in the perspective of value-based healthcare,
but due to the design of this study and the used database, it was not possible to investigate
these issues. Additionally, only the direct healthcare costs were calculated for this population. Although the majority of patients were younger than 20 years, the costs due to lost
productivity should also be included. Furthermore, this study focused on admitted burn
center patients only. Patients admitted to hospitals without a burn center should have been
taken into account in order to obtain a complete overview of the consequences of consumer
fireworks. Since the vast majority of severe injuries will have been treated in one of the
three burn centers, our data provide a quite reliable insight into the potentials savings
of preventive measures at the national level. Not including non-burn centers into this
study also explains why only two patients underwent an amputation. Based on national or
local referral protocols, patients with traumatic amputations may also present to a level I
trauma center.
3.2. Materials and Methods
3.2.1. Study Design and Setting
This was a retrospective multicenter cohort study, with a follow-up ranging from four
to 124 months. Patients were identified from the Dutch Burn Repository R3 (DBR R3),
a national register for burn patients admitted to one of three Dutch burn centers (Red Cross
Hospital Beverwijk, Martini Hospital Groningen, and Maasstad Hospital Rotterdam) [19].
Patients are included in the Dutch Burn Repository R3 if they are admitted for at least
two hours to a specialized burn center. All three governmentally assigned burn centers
contributed patients to the repository and to the current study. Patients with ‘fireworks’ as
trauma mechanism were included for analysis. Anonymized DBR R3 data were extracted
and analyzed. The Medical Research Ethics Committee United exempted this study (MECU; W19.037).
3.2.2. Participants
All patients (no age limit) with fireworks-related burns admitted to a Dutch burn center
between 1 February 2009 and 31 January 2019 were eligible for inclusion. No exclusion
criteria were applied to this cohort.
3.2.3. Data Collection
The data collected in the DBR R3 were used for analysis. The following data were
extracted from the DBR R3: year and month of admission, patient characteristics (gender and age), burn injury characteristics (percentage total body surface area (TBSA) burned,
burn depth (partial or full thickness)), the presence of inhalation injury, additional injury,
body region affected (e.g., face or hand), and treatment outcome (hospital and intensive
care unit (ICU) admission, surgical treatment details, and mortality).
3.2.4. Cost Analysis
Healthcare cost analysis was performed in accordance with the Dutch guidelines
for economic evaluations in healthcare [22]. Costs were calculated from the health care
perspective including the healthcare costs for specialized burn care. This included costs for
transportation, burn center stay, and surgical treatment. Costs were calculated by multiplying the volumes of health care use with the corresponding unit prices (Table 5). Data on
health care utilization (transport, burn center stay, surgical treatment, and reconstructive
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surgery) were derived from the DBR R3. These items cover approximately 87% of the costs
for specialized burn care [14]. To correct for the remaining costs (diagnostic procedures,
non-surgical treatment, clinical consultation, and outpatients burn care), 13% of the costs
from the available health care resources were added. Unit prices were derived from the
Dutch costs manual and Hop et al. [14,22,23]. All unit prices were adjusted for the corresponding year of admission using the national consumer price index. Costs are reported in
Euros. Mean total healthcare costs were calculated for the entire population and for three
subgroups; (1) patients treated in day care only, (2) patients with clinical admission who
were not operated, and (3) patients with clinical admission who were operated.
Table 5. Sources and unit prices of health care use.
Cost Categories
Transportation
Own transport
Ambulance
Mobile Intensive Care Unit
HEMS-assistance
Burn center stay
ICU burn center days
Non-ICU burn center days
Day care
Surgery
Surgical treatment
Reconstructive surgery

Unit

Source of Unit Prices (Cost Year)

Unit Price (in €)

Ride
Ride
Ride
Yes

Hop et al. 2016 (2012)
NZa a (2018)
NZa a (2018)
Hospital data calculation (2008)

Upon request
702.00
2321.95
Upon request

Days
Days
Days

Hop et al. 2016 (2012)
Hop et al. 2016 (2012)
Hop et al. 2016 (2012)

948.12
2965.71
350.80

Operation
Operation

Hop et al. 2016 (2012)
Hop et al. 2014 (2011)

1966.47
Upon request

Reference unit prices are adjusted for the corresponding year of admission using the national consumer price index. DBR R3, Dutch Burn
Repository R3. a NZa, Nederlandse Zorgautoriteit (in English: Dutch Healthcare Authority): Standard cost prices, available online at:
https://puc.overheid.nl/nza/doc/PUC_6237_22/ (accessed on 23 September 2019). b HEMS, Helicopter Emergency Medical Service:
based on hospital costs for 2003–2006.

3.2.5. Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences
(SPSS) version 25.0 (SPSS, Chicago, IL, USA). Data are reported following the ‘Strengthening
the Reporting of Observational studies in Epidemiology’ (STROBE) guidelines.
Normality of continuous data was tested with the Shapiro–Wilk test. Descriptive analysis was performed to report the outcome measures. For continuous data (e.g., age and
TBSA), which were all non-parametric, the median and quartiles are reported. For categorical data (e.g., gender and need for surgery) the number and percentages are reported.
Mean costs are presented with the 25–75% IQR.
4. Conclusions
This study investigated the admission rate, treatment, and healthcare costs of patients with fireworks-related burns admitted to Dutch burn centers in the past 10 years.
Because the preventive measures from the Dutch government have led to a nationwide
reduction of fireworks-related injuries, it was hypothesized that the number of hospital
admissions in burn centers has also decreased during the study period. This study showed
that during the study period, no increase or decrease was observed. Despite the relatively small size of the burn injuries, all patients required burn center admission, and a
significant number of patients underwent surgical treatment. The direct healthcare costs
for specialized burn care was estimated at a mean of €9040 (95% CI €5830 to €12,260) per
patient. Preventive measures from the past years did not result in a reduction of burn center
admissions, and thus, an additional or alternative approach is needed. Safer alternatives for
fireworks should be promoted more and fireworks legislation should be changed, so that
handling of consumer fireworks is reserved for trained and licensed persons only.
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