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a b s t r a c t

Background: Despite advances in surgical management and critical care for burn surgery,

morbidity and mortality of patients with severe burns remains high. Especially in the

pediatric population, burns often lead to devastating consequences such as the necessity of

corrective surgery until adulthood. Worldwide, 80%–90% of all severe burns occur in low to

middle income countries. But also in high income countries, burns are distributed

inequitably. Risk factors include age, sex, socioeconomic status, and ethnicity.

Aim: The objective of this study was to determine the typical demographics and injury-

related data of pediatric burn patients in order to contribute to preventive measures. Special

interest was paid to the question of whether the incidence of severe burns is higher among

patients with an immigration background.

Patients and methods: Patient records of the 4373 patients admitted to the Pediatric Burn Unit of

the University Children’s Hospital of Zurich from 2006 to 2018 were analyzed. Demographic

data and injury patterns are presented descriptively. Temporal trends concerning duration

of hospitalization and setting (inpatient versus outpatient), differences in relative incidence

and in burn mechanism in distinct cohorts (by nation and Human Development Index (HDI))

and seasonal trends were analyzed. Furthermore, risk factors for large burns and for

(prolonged) inpatient treatment were examined using a multivariate approach.

Results: Temporal resolution shows considerable variation between inpatient and outpatient

treatment (p>0.001) and with shorter hospital stays (p=0.004). Swiss citizens and patients

with an immigration background from very highly developed countries sustain a

significantly lower incidence of heat-related injuries than all others (p<0.001). The most

common burn causes among all children, independent of their country of citizenship, are

related to kitchen items or hot tea and coffee (35.57%�4.01% resp. 32.39%�5.95%). Logistic

regression revealed that migration background from a low HDI country is significantly

associated with larger burns (>5% TBSA) and with a need for inpatient treatment.
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Conclusion: The study emphasizes the need for highly specific measures of burn prevention

and indicates the necessity of focusing on certain target groups who are especially vulnerable

to burns, such as immigrants from less developed countries.

© 2019 Elsevier Ltd and ISBI. All rights reserved.

1. Introduction

Thanks to significant advances in both burn care and in
intensive care management, morbidity and mortality of burn
injuries has decreased significantly over the past decades in
most countries across the world [1]. The majority of all burn-
related deaths occur in low income countries; [2] however,
mortality in severely burned patients remains substantial
even in highly developed countries such as the US, according
to data from the National Burn Repository from 2016 [2].
Moreover, fire-related burns remain one of the leading reasons
for a loss of disability-adjusted life years (DALYs) in low and
middle-income countries, leading to a loss of almost 18 million
DALYS worldwide [3,4]. Severe burns are often accompanied
by drastic sequelae, such as scar contractures which can lead
to a limitation of movement and cause disfigurement of the
body, and even restrain facial expression. Especially in
pediatric patients who are still in their growth phase, repetitive
surgical interventions to correct scar contractures are often
necessary until adulthood [5]. These are associated with
missing time in school, difficulties in finding employment and
challenges in social interaction [6–12]. Furthermore, the
psychological consequences of burn injuries, including anxi-
ety, depression and post-traumatic stress disorder can be
impairing [13–16].

The incidence of burns varies considerably across distinct
cohorts, both from a global perspective and within each
population. With regard to the pediatric population, risk
factors for an increased incidence are, for example, lack of
supervision, parental illiteracy, crowded housing situations,
poor education level and low socioeconomic status (SES) [17–
20]. Fire injuries have been reported as showing the strongest
correlation with social class among all childhood injuries in
England and Wales, with fire-related mortality being 16 times
higher in the lowest SE class than in the highest one [21]. From
a global perspective, the large majority (80–90% depending on
the means of assessment) of all burns arise in middle to low
income countries [22,23]. For instance, the incidence of burns
among children living on the African continent is three times
the world average for the same age group, resulting in a major
public health [22,24] However, since most countries do not
keep a burn registry, data concerning incidence and injury
patterns are often not accurate [25].

Considering the extent of burn injuries globally and the
serious long-term consequences in terms of function, aes-
thetics and social integration, great importance has to be given
to preventive measures. Effective prevention of (burn) injuries
consists of four stages: assessment, analysis, implementation
of preventive measures, and monitoring of their outcome [22].

The aim of this retrospective study was to perform this first
and second stage in order to contribute to better prevention. To
achieve this, the records of the 4373 burn patients treated in

the Department of Pediatric Burns at the University Children‘s
Hospital in Zurich from 2006 to 2018 were analyzed in terms of
demographics, injury patterns, accident related circumstan-
ces and risk factors.

We hypothesized that certain risk factors, such as an
immigration background have a significant influence on the
incidence of burn injuries. We also hypothesized that a
majority of all pediatric burns and scald injuries is caused
by only few major types of accidents. Furthermore, we aimed
at assessing predictors of (1) burns�5%, of (2) inpatient
treatment, and of (3) prolonged length of stay (LOS).

2. Materials and methods

The study was approved by the ethics commission of Zurich
(Kantonale Ethikkommission Zurich, KEK-ZH-Nr. 2018-01664).
It was conducted at the University Children’s Hospital Zurich,
the Swiss referral center for pediatric burns.

By using the electronic hospital information system (HIS)
all patients treated at our hospital (inpatient and outpatient
department) from 2006 (year of introduction of the HIS) to 2018
were identified via diagnosis codes for burns. From these
children and adolescents, the following data was extracted in
an anonymized manner, according to ethical regulations: age
at injury, date of admission and discharge, medical history,
diagnosis, results of the physical examination, type of treat-
ments, and citizenship. Re-admission and follow-ups were
excluded, as were largely incomplete data sets. Patients from
Saudi Arabia, Qatar, the United Arab Emirates and Kuwait were
excluded as well because there were no immigrants among the
patients from these four countries. Instead, all of them were
selectively sent to Switzerland for treatment and returned to
their home country after completion of the acute treatment
phase. Therefore, including them in the analysis would distort
the results. In a few cases, automated data extraction resulted
in slightly incomplete data sets because the treating physician
had written the diagnosis in the wrong field in the HIS. In such
cases, one of the investigators had to look up the information
manually in the HIS. With regard to Total Body Surface Area
(TBSA) involved, missing values were completed by calculating
the TBSA according to the body locations affected, as described
in the physical examination report and/or corresponding
images. Importantly, the physician responsible for this
completion was blinded with regard to the patients’ citizen-
ship. The resulting Excel file was imported into a software
written in Python (Python 3.6.6, 2018, Python Software
Foundation), customized for this specific study purpose. The
word-pattern-matching algorithm specifically coded for this
application enabled the extraction of mechanisms of injury
and pattern of injury (anatomical site and TBSA) in an
automated manner without manual intervention. Next, the
resulting data was encoded in a standardized manner. For this
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purpose, synonyms and alternative spelling methods or
orthographic errors were corrected and grouped accordingly.
The grouping of patients by country was performed according
to their actual citizenship, as indicated in the electronic
patient record. Neither the place of birth, nor the parents’
citizenship was considered for this classification. Citizenships
of patients were classified according to the HDI. HDI is a
composite index, comprising life expectancy, education and
per capita income indicators. Four categories were then
formed, according to the Human Development Report, by means
of fixed cutoff points, resulting in the following four groups:
“very high development” (Group A; HDI 0.800 or greater), “high
development” (Group B; HDI 0.700–0.799), “medium develop-
ment” (Group C; HDI of 0.550–0.699) and “low development”
(Group D; HDI of less than 0.550) [26,27].

Data concerning the population of the State (Kanton) of
Zurich was requested from the cantonal statistical office of
Zurich (Kanton Zürich, Direktion der Justiz und des Innern,
Statistisches Amt). From this, information about the citizen-
ship and age of the residents was extracted. In order to
calculate the relative incidence of burns within each national-
ity, first the arithmetic mean of the population weighted by
patients by year between 2006 and 2017 was calculated. The
overall number of patients with Swiss citizenship was divided
by the obtained mean population (Swiss citizens between 0–17
years, living in the canton of Zurich). The same was performed
with every other citizenship (patients from the country divided
by weighted arithmetic mean numbers of minors from that
country living in the canton of Zurich). Relative frequencies
were determined by defining the incidence of Swiss citizens as
being 1 and determining relative numbers for all other nations.
The same was performed for each of the four HDI groups.

The data was analyzed using SPSS statistical software for
Macintosh, release 25. Demographic data, mechanisms of
injury and injury patterns were presented descriptively,

means and standard deviations (SD) were calculated. Tempo-
ral shifts in the treatment setting (outpatient vs inpatient),
seasonal distributions of specific injury mechanisms and the
proportion of scalds within distinct HDI groups were examined
by means of Chi-square tests. Differences of mean TBSA in
burns and in scald injuries were examined by means of a
Student T-Test. To examine changes in duration of hospitali-
zation across years and to compare the incidence of heat-
related injuries in distinct HDI groups, Univariate ANOVAS
were calculated. Multivariate analyses were used to assess the
role of individual predictors on outcomes. For logistic regres-
sion analysis predicting size of burns, TBSA was dichotomized
(<5% “small” vs. �5% “moderate to large”), since burns �5%
TBSA tend to result in more complications and as a result often
entail the necessity of repeated corrective surgeries. To
investigate the odds of having a moderate or large burn
(TBSA�5%), the following predictors were tested: male sex,
young age, scald, migration from a lower HDI country (group C,
D). For prediction of treatment setting (inpatient vs. outpa-
tient), TBSA was included as an additional predictor in a
second logistic regression model. Multivariate linear regres-
sion analysis was applied to assess predictors of prolonged LOS
using the same predictor variables. For all analyses, p-levels of
less or equal to 0.05 were considered statistically significant.

3. Results

3.1. Demographics and general injury data

Between 2006 and July 2018, 4373 children and adolescents
were treated in the Children’s Hospital for burns, of which 1872
(42.81%) were girls. The mean age and standard deviation were
46.60�47.30 months, whereby the majority (2650 cases,
60.60%) were children between 1 year and 5 years of age, 622

Fig. 1 – Patients treated for burns by treatment setting (inpatients in dark blue and outpatients in light blue) and by year. Missing
data for the current year (2018) were supplemented by means of extrapolation (dark and light blue respectively, dashed).
Analysis of temporal trends shows a significant shift towards outpatient treatment (p<0.001, x2=23.26, Chi-squared test). (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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(14.22%) were under 1 year and 1101 (25.18%) patients were
older than 5 years.

Inpatient treatment was required by 1170 (26.76%)
patients, whereas 3203 (73.24%) attended the outpatient
unit only. This corresponds to a mean of 92.50�15.97
inpatients per year (range: 73 in 2011–123 in 2017) and a
mean of 253.92�65.48 outpatients per year (range: 164 in
2006–363 in 2016). Fig. 1 depicts the temporal trends for
inpatients and outpatients separately from 2006–2018. A
significant shift towards out-patient treatment occurred in
this period (x2=23.26, p–<0.001,).

Mean LOS (inpatients only) was 11.81�17.39 days (range: 1–
204 days) and temporal dissolution showed a significant
decline during the 12 years (F=2.44, p=0.04) as shown in Fig. 2.

In most cases, more than one body site was affected.
Involvement of the upper extremities was most common (2794
cases 66.32%), followed by the thorax (1548 cases, 37.74%), the
lower extremities (1157 cases, 27.46%) and finally the head
(1075 cases, 25.52%). In 77 patients TBSA was neither indicated
nor could it be calculated by means of the reported medical
status. In the remaining 4296 patients, mean TBSA was 3.46%
�5.53% (range: 1%–85%). Of these, 3379 (78.65%) patients
suffered from burns <5% TBSA, 839 (19.53%) sustained a burn
between 5% TBSA and 19% TBSA, only 78 (1.82%) had a burn
injury �20% TBSA. Separate assessment of TBSA by etiology
showed a mean of 2.56%�5.65% (range: 1–85%) in burns and a
significantly higher mean of 4.16%�5.12% (range: 1–70%) in
scalds (F=29.34, p<0.000).

3.2. Countries of origin

Overall, patients from 86 different countries were treated. For
analyses, countries <10 patients were excluded, leaving 25
nations, as shown in Table 1.

Next, the relative incidence by country was calculated from
the above 26 countries. Incidence of Swiss citizens was defined
as 1. Only 4 countries showed an incidence slightly below

Switzerland (<1), synonymous to a lower frequency of
pediatric burns in each of these four immigrant groups in
comparison to Swiss citizens. All four countries belong to
group A. As shown in Fig. 3, highly developed countries tend to
be clustered on the left side of the graph and countries with a
lower level of development tend to be located on the right side
of the graph. The highest incidence was found for citizens of
Pakistan (3.62-fold the Swiss citizens), followed by Iraq (2.97-
fold the Swiss citizens) and Eritrea (2.54-fold the Swiss
citizens). Relative incidence of burns shows a significant
correlation with the HDI of patients’ country of citizenship,
where more developed countries are less at risk of sustaining a
heat-related injury. (Relative incidences are as follows: A:
mean 1.04�0.14; B: mean 1.89�0.44;C: mean 2.91�0.43; D: 2.19
�0.45) (F=4483.92; p<0.001), data not shown).

3.3. Burn mechanism and cause

In terms of etiology, scalds were most frequent (2381 cases,
55.45%), followed by burns (1965 cases, 44.93%), whereas
electrical accidents and chemical accidents were rare (23 cases
(0.53%) and 4 cases (0.09%) respectively). Conversely, an
assessment of the mechanism of injuries by HDI shows a
significantly increased proportion of scalds (of all heat-related
injuries) in less developed countries (53.09% in group A, 57.95%
in group B, 62.07% in group C, 70.78% in group D)
(x2=23.26=23.26; p<0.001) as shown in Fig. 4.

A detailed look at the causes of injury amongst all children
and adolescents was performed, revealing the 20 most
common mechanisms, as shown in Table 2. The assessment
of the mechanism of injury by HDI yielded very similar results
for all 4 groups (data not shown).

Injuries were grouped into 11 categories according to the
setting in which they took place, and displayed by HDI, as
shown in Fig. 5. Across all 4 HDI groups, the majority of injuries
were caused either by kitchen-related items (39.92% in group
A, 33.49% in group B, 31.08% in group C, 37.78% in group D) or

Fig. 2 – Mean duration of hospitalization by year. Mean length of stay (inpatients only) shows a significant temporal decline
(F=2.43; p=0.04).
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were related to hot tea and coffee (23.50% in group A, 36.10% in
group B, 35.14% in group C, 34.81% in group D). Kitchen-related
items primarily included electrical appliances (baking ovens,
stoves, re-heaters, toasters, microwaves, electric kettles), the

ingestion of food (in the kitchen) and handling hot devices
such as plates, pots, cans, metal sheets etc. Conversely,
injuries related to hot tea and coffee were recorded in a
category of their own.

Table 1 – Most frequent countries of citizenship of the patients treated in the Children’s Hospital and according to total
numbers, percentage of all patients, relative incidence of burns within each cohort (Rel. Inc.) and Human Development Index
(HDI). Nations are sorted by frequency of patients.

Ranking Nation Patients (%) Rel. Inc. HDI

1 Switzerland 2965 69.80 1.00 A
2 Germany 258 5.90 1.50 A
3 Kosovo 113 2.58 1.64 B
4 Turkey 101 2.31 2.32 B
5 Portugal 93 2.13 1.10 A
6 Italy 84 1.92 0.83 A
7 Eritrea 60 1.37 2.54 D
8 Macedonia 57 1.30 1.05 B
9 Sri Lanka 43 <1 1.90 B
10 Spain 30 <1 1.16 A
11 Afghanistan 26 <1 2.24 D
12 India 25 <1 2.48 C
13 Iraq 24 <1 2.97 D
14 France 23 <1 0.90 A
15 Syria 22 <1 1.33 D
16 Austria 21 <1 1.03 A
17 Great Britain 20 <1 0.77 A
18 Bosnia and Herzegovina 18 <1 1.64 B
19 Netherlands 16 <1 1.34 A
20 Somali 16 <1 1.97 D
21 Pakistan 13 <1 3.62 C
22 Poland 13 <1 1.07 A
23 USA 13 <1 0.96 A
24 China 11 <1 1.90 B
25 Brazil 10 <1 1.22 A

Fig. 3 – Relative incidence of burns in distinct groups of patients by country from which patients emigrated. Countries belonging
to Human Development Index (HDI) group A in red, B in blue, C in orange and D in red. Incidence of native Swiss patients is
defined as 1, also indicated by the horizontal black line. Countries from left to right: Great Britain (GB), Italy (I), France (F), United
States of America (USA), Switzerland (CH), Austria (A), Macedonia (MK), Poland (PL), Portugal (P), Spain (E), Brazil (BR), Syria (SYR),
The Netherlands (NL), Germany (D), Bosnia and Herzegovina (BIH), Sri Lanka (CL), China (CN), Somalia (SO), Kosovo (RKS),
Afghanistan (AFG), Turkey (TR), India (IND), Eritrea (ER), Iraq (IRQ), Pakistan (PK). (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)
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Plotting the overall number of patients treated from 2006–
2017 by month did not show any notable, seasonal fluctuations
as shown in Fig. 6a. However, an assessment of injuries caused
by distinct etiologies showed kitchen, and tea and coffee-
related injuries to occur significantly more often in winter as
opposed to barbecue, furnace and heater related injuries, which
arosemore oftenin summer (x2=116.96; p<0.000,), seeFig. 6b, c,
and d. Conversely, fireworks and explosions occurred most
frequently during the two typical festivities: New Year’s Eve/
New Year’s Day (December 31st and January 1st) and during the

Swiss National Day (August 1st) or shortly before these events,
mostly due to the early purchase of the fireworks, see Fig. 6e.

3.4. Risk factors for burns�5%, inpatient treatment and
prolonged hospital stay

The results of the logistic regression analysis for the prediction of
TBSA�5% are depicted in Table 3. Young male patients whose
families had emigrated from a lower developed country (HDI-
categories C and D) and who suffered a scald injury (as opposed to
a burn injury) were at an increased risk of sustaining a moderate
or large injury (larger or equal to 5% TBSA). Specifically, there was
an almost four times higher risk of a moderate to large injury
when sustaining a scald rather than a burn.

Furthermore, the data in Table 4 shows that inpatient (vs.
outpatient) treatment was significantly predicted by the same
variables mentioned above as well as by a higher TBSA burned.
Notably, the odds for being treated on the inpatient unit was
1.8 times higher in HDI groups C and D.

In contrast, a longer inpatient treatment was significantly
predicted by scald injury and TBSA. Association with immi-
gration from a less developed country was not significant,
most likely due to high standard deviations, as shown in
Table 5.

4. Discussion

In this study, the demographics and injury-related data of 4373
patients treated in our inpatient and outpatient department
from 2006–2018 were analyzed, as a first step in the process of
developing targeted measures of prevention.

A unique feature of our study is a considerably large sample
size from one single referral center for pediatric burns. This
center is responsible for the treatment of severe pediatric

Fig. 4 – Ratio of scald to burn injuries increases from Human Development Index (HDI) group A to group D. HDI group A in red, B in
blue, C in orange and D in red. The proportion of scald (from all heat related injuries) increased significantly from group A to
group D (p<0.001; x2=23.26, Chi-squared test). (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

Table 2 – Mechanisms of burns. Top 30 causes from
inpatients and outpatients, mechanims, total number of
cases and percentage of all patients indicated.

Rank Mechanism Cases % of all

1 Stove, oven 673 17.98
2 Tea 652 17.41
3 Fire pit, chimney 314 8.39
4 Coffee 284 7.59
5 Hot water n.s. 259 6.92
6 Soup 176 4.70
7 Porridge 133 3.55
8 Milk 87 2.32
9 Baby bottle 79 2.11
10 Drinking, n.s. 65 1.74
11 Candle 64 1.71
12 Lamp 61 1.63
13 Water boiler 53 1.42
14 Bath water 52 1.39
15 Rice 52 1.39
16 Vehicle 39 1.04
17 Fire 36 <1
18 Boiling water 35 <1
19 Oil 34 <1
20 Fireworks 30 <1
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burns from almost the whole country [28], allowing the
determination of representative data. Another asset is the
multicultural population of Switzerland, which is reflected in
the investigated cohort of patients including 2965 non-Swiss
citizens with 85 different immigration backgrounds.

Many of our basic findings concerning demographics are in
line with previous studies conducted in other pediatric burn
centres [29–33] and a study conducted at our own center in the
period 2004–2009 [34]. Among these are the preponderance of
males (57%) and the majority (61%) of all patients being
between 1 and 5 years of age. The latter is a result of children’s
urge to explore, their curiosity and concurrent lack of
awareness of risks and danger [22]. The extent of burns in
our study is somewhat lower than in previous studies
[29,31,34], which can be attributed to the fact that outpatients
were included in our study. However, these findings have been
reported repeatedly and were not the focus of this
examination.

Temporal analysis showed a similar number of inpatients
over the 12 years, with a concomitant significant increase in
outpatients. This corresponds to a shift to outpatient treat-
ment over time. Concurrently, the mean LOS (counting
inpatients only) showed a significant decline over time.
Overall mean LOS was comparable to studies in other pediatric
burn centers, for example, one conducted in Ireland (mean:
11.5 days, range 2–52 days) [35]. There may be a number of
reasons for the tendency to minimize the length of stay for
children and adolescents. Likely explanations are the gradual
setup of post-discharge management protocols and increased
home assistance, including the rising availability of transi-
tional care services [36]. The general effort in the last decade to
constrain hospital costs by replacing costly inpatient treat-
ment with more economic outpatient treatment might also
influence the setting of patient management in our cohort [37].
Possibly, a growing awareness of the benefit of the familiar
home environment on health also plays a role. A study
conducted on pediatric burns treated in Styria, Austria from

1989 to 2012 [29] also reported a steady numbers of inpatients
over the years, but unlike in our study, failed to find a shift
towards outpatient treatment.

The current investigation hypothesized that children and
adolescents with an immigration background have a higher
incidence of burns and that a majority of all burns are caused
by a small number of distinct injury mechanisms only. In this
study, the HDI, the composite index used by the United
Nations to classify a country’s level of development was used
[26,27]. The index has, however, been criticized repeatedly for
a number of methodological and statistical reasons by several
economists [38,39]. However, as to our knowledge there is no
better alternative. Calculation of the relative incidence of
burns in the 25 most frequent nations showed a clearly
elevated incidence in less developed countries.

In terms of injury mechanism, there were more scalds than
burns across all 4 HDI groups; however, the imbalance
increased continuously from Group A to group D. Comparable
studies conducted in highly developed countries including
citizens and non-citizens revealed similar percentages; in the
Austrian study, for example, scalds made up 65% [29].
However, other investigations, such as one conducted in Hong
Kong [40], found scald injuries to make up 92% of all injury
mechanisms. This high percentage is most probably attributed
to country-specific housing and cooking practices, including
hot soup or kettles often placed in the living room. In contrast,
a study conducted at the Children‘s Hospital in Michigan [31]
revealed scalds to make up 48% of all cases only.

In order to develop strategies for highly effective and
specific means of prevention, a detailed look at the 20 most
frequent mechanisms of injuries was conducted, revealing
that, across all groups, it is not burning homes or explosives,
but rather everyday items such as ovens, tea and chimneys
that jeopardize young patients. This finding is in line with
previous [30,31,40]. In support of our hypothesis, only a few
mechanisms are responsible for the majority of all burns
(Table 2). De Souza [30] had grouped pediatric burn

Fig. 5 – Mechanisms of injury by HDI. Mechanisms of injury were sorted into 11 categories, as indicated in the legend on the
right, and distribution was assessed separately for each HDI group. Kitchen-related injuries and injuries related to hot coffee
and tea were most frequent across all groups.
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mechanisms in the U.S. from 1990–2006 according to consumer
product, revealing kitchen-related injuries to be the most
common. This finding is in line with our study, with the
difference that tea and coffee-related injuries were separately
categorized in our study. We believe this more detailed
consideration is of paramount importance in order to develop
highly specific means of prevention.

The analysis of overall burn incidents by month did not
result in any considerable variances, which is in line with other
publications that had not revealed any major seasonal
clustering [41,42]. However, the significant seasonal accumu-
lation of specific mechanisms of injuries shows a strong
dependency of temperature and the related leisure activities
(such as barbecuing in the summer). Interestingly, there were
more explosions and fireworks injuries related to the Swiss
national holiday (August 1) than to New Year’s Eve.

To determine specific and independent risk factors
associated with burns�5% TBSA, with inpatient treatment
(as opposed to out-patient treatment) and with a longer
hospital stay, multivariate analyses were performed, revealing
that amongst others, immigration background from a less
developed country (HDI group C and D) was a significant risk
factor for burns�5% TBSA. Likewise, low HDI was significantly
associated with inpatient treatment and with a longer hospital
stay; however, the latter is not statistically significant,
probably due to a high standard deviation. In a somewhat
similar manner, a study by Gholson on orthopedic procedures
in adults had demonstrated non-white race to be a risk factor
for prolonged LOS [43]. Gholson surmises that race might be a
partial surrogate for a low SES. It is conceivable that
immigration background from a country with a low HDI
correlates with a lower SES as well, with regard to our study.
Thus, in the present study, SES might be responsible for some
of the findings involving HDI of the countries of origin of the
patients. Lastly, non-white patients have a genetically
increased risk of more severe scarring [44] with consecutive
negative long-term consequences concerning function and
aesthetics; however, this question was not part of the
investigation.

Several conclusions can be drawn from these findings. In
pediatric burns, certain populations, including children and
adolescents with an immigration background from a low HDI,
do not only show a significantly higher incidence of burns, but
injuries are also more severe (larger TBSA), tend to lead to
inpatient treatment and the patients spend more time in
hospital.

Conversely, it would be premature to conclude from these
findings that an immigration background leads to an increased
susceptibility for burns. The data merely exhibit a correlation

Fig. 6 – Number of patient (inpatients and outpatients) by
month. Jan.=January, Feb.=February, Mar.=March, Apr.
=April, Jun.=June, Jul.=July, Aug.=August, Sep.=September,
Oct.=October, Nov.=November, Dec.=December. (a) All

patients, (b) Kitchen related items (e.g. electrical kitchen
devices, dishes and hot food but no tea, no coffee), (c) Tee and
coffee related injuries, (d) Barbecue, furnace and heater
related injuries, (e) Firework and explosion related injuries.
Examination of seasonal distribution showed kitchen related
injuries and injuries caused by hot tea and coffee to occur
significantly more often in summer and barbecue, furnace
and heater related injuries more often in winter (2=116.96;
p<0.001).
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between these factors; however, they do not demonstrate a
causal relationship. Several confounding factors could be
responsible for this correlation, such as the SES of the groups of
patients examined. It is widely known that low SES is a risk
factor for burns [17,18,22] and Pecks [22] findings suggest that
the SES accounts for an increased burn susceptibility to a
greater degree than do cultural or educational factors. This fact
is all the more relevant because burns in turn and the
associated necessity of inpatient treatment often result in
difficulties in returning to school and enduring the reactions of
others or enduring physical limitations in children [8,12], and
are a risk factor for financial loss in adults [9,10], possibly
leading to a lower SES. If we want to break this vicious circle,
special efforts should be made to protect these vulnerable
groups of patients from burns in the first place and assist them
with school reentry if drastic injuries have occurred, for
example by providing sophisticated school reentry programs
taking into account individual needs [45]. Also, it is funda-
mentally necessary that information concerning precaution-
ary measures is provided in several languages and that
preventive measures are easily accessible, for example, they
should target refugees as well. Furthermore, preventive

measures should focus on the major mechanisms of injury,
which occur primarily in the kitchen or are related to hot
beverages. Ultimately, since domestic burns are often related
to crowded housing [20], interventions that target childhood
and adolescent SES, especially childhood poverty are an
important aspect to consider.

5. Limitations

The present study has several limitations. From a methodo-
logical point of view, some of the numbers might be
imprecise because the automated processing of the large
number of patients by means of the specifically coded
software does not allow more precise considerations, such as
the evaluation of vague descriptions of the injury mecha-
nism. Therefore, for instance the determination of the
precise circumstance or setting of the injury (e.g. the
patient’s house vs. school/kindergarten etc.) such as per-
formed by Delgado et al. [17] would be relevant to setting up
preventive measures. In other cases, this information was
simply missing. In a similar manner, information concerning

Table 3 – Summary of logistic regression analysis predicting injuries�5% TBSA.

Prediction of TBSA�5%

Variable B SE Odds ratio 95% confidence interval p-Value

Male sex 0.29 0.08 1.34 1.14–1.56 <0.001
Age at incident 0.07 0.01 1.01 1.01–1.01 <0.001
HDI group C and D 0.416 0.15 1.52 1.12–2.05 0.007
Scald 1.38 0.89 3.95 3.32–4.71 <0.001

The values written in bold indicate the significance of the results.

Table 4 – Summary of logistic regression analysis predicting inpatient treatment (as opposed to outpatient treatment).

Prediction of inpatient treatment

Variable B SE Odds ratio 95% confidence interval p-Value

Male sex 0.18 0.08 1.20 1.02–1.40 0.026
Age at incident 0.02 0.01 1.00 1.00–1.00 0.075
HDI group C and D 0.59 0.16 1.80 1.33–2.45 <0.001
Scald 0.37 0.88 1.45 1.22–1.72 <0.001
TBSA 0.32 0.15 1.38 1.34–1.42 <0.001

The values written in bold indicate the significance of the results.

Table 5 – Summary of multiple linear regression analysis predicting prolonged length of hospitalization.

Prediction of prolonged inpatient treatment

Variable B SE Odds ratio 95% confidence interval p-Value

Male sex 0.181 0.81 1.199 1.022–1.406 0.800
Age at incident 0.002 0.001 1.002 1.000–1.003 0.876
HDI group C,D �0.589 0.156 0.555 0.409–0.753 0.065
Scald 0.371 0.088 1.449 1.219–1.723 <0.000
TBSA 0.320 0.015 1.377 1.338–1.418 <0.000

The values written in bold indicate the significance of the results.
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TBSA has to be treated with some caution because estimates
of TBSA at admission tend to be higher than the actual
extent, and are often not corrected later on, probably
skewing our data concerning mean TBSA. Regarding immi-
gration background, a major drawback is the lack of precise
information concerning the time point of immigration, the
circumstances etc. Due to the lack of this information, the
citizenship of the patient at the time of admission was used,
regardless of the place of birth of a patient or his parents.
Since obtaining Swiss citizenship can be a lengthy process,
some of these families may actually have spent their entire
lives in Switzerland and still have a foreign citizenship only.
The lack of information about the immigration history
impedes the differentiation between recently immigrated
children and adolescents and those raised and socialized in
Switzerland. This might lead to a risky generalization,
suggesting a correlation between certain immigrant groups
and the incidence of burns, which in reality might only be
true for those who have recently immigrated and not been
raised in Switzerland. Moreover, the calculation of the
absolute incidence of pediatric burns from the available
data was not possible because the determination of the
absolute incidence of any disease assumes a well-defined
catchment area. It is, however, impossible to determine the
precise catchment area of our Burn Centre, which is both a
referral center for severe burns for almost the entire country
(thus corresponding to a very large catchment area) and also
serves as a primary burn center that treats non-severe burns
from a much smaller catchment area.

The largest limitation of this study is probably the lack of
specific and validated information concerning the SES of
patients and their families. The absence of correction for the
SES (in citizens and non-citizens) impedes consideration of
this possible confusing factor. Thus, interpreting the data
concerning immigration background without prudence might
lead to the incorrect assumption that an immigration
background itself leads to an increased incidence of burns.
Concurrently, the multivariate analyses conducted in this
study constitute its main strengths and unique quality. This
method allowed the assessment of the importance of
individual predictors of more severe burns or (prolonged)
LOS, while simultaneously controlling for the effects of other
predictors on these outcomes.

6. Conclusion

The study emphasizes the need for highly specific measures of
burn prevention and indicates the necessity of focusing on
certain target groups who are especially vulnerable to burns,
such as immigrants from less developed countries.
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