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Background. The Systemic Immune-Inflammation Index (SII) and Neutrophil-Lymphocyte Ratio (NLR) are new markers of
the immune response. There are few studies about the usefulness of these markers in the paediatric population with burns.
Objectives. The aim of the study was to reveal the differences in the Systemic Immune-Inflammation Index (Sll) and Neutrophil-Lym-
phocyte Ratio (NLR) in paediatric patients treated due to thermal burn.

Material and methods. The study group consisted of 61 children (19 girls, 42 boys; mean age: 3.76; SD 4.79; min—max: 2 months — 17
years of age) treated due to thermal burn in the Paediatric Surgery Department. Analysis of chosen complete blood cell count param-
eters (leucocytes — WBC; platelets — PLT; Systemic Immune-Inflammation Index — SII; Neutrophil-Lymphocyte Ratio — NLR) collected on
the day of injury was used as biomarkers of inflammation in patients with and without wound cooling after injury.

Results. Children with burns < 5 years of age who had higher PLT values on the day of admission (the day of injury) more frequently
required surgical treatment (p = 0,027). Children with more extensive burn wounds (exceeding 10% TBSA) had higher WBC values on
the day of the injury (p = 0.034). Higher NLR and SlI values were related to longer hospitalisation (p < 0.05).

Conclusions. The SIl and NLR seem to be promising prognostic markers in children with burns. Further studies on larger groups are
necessary to reveal the relationship of the new inflammatory markers with other aspects of burn injury in the paediatric population.
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Background

Thermal burns, such as scalds, are the most common type
of burns in the paediatric population. The first aid given to chil-
dren after this type of injury includes wound cooling. Literature
provides information about the significance of burn wound
cooling [1-3]. The Systemic Immune-Inflammation Index (Sll)
and Neutrophil-Lymphocyte Ratio (NLR) are new markers of the
immune response. There are few studies about the usefulness
of these markers in the paediatric population with burns.

Objectives

The objective of the study was to assess the usefulness of
NLR and SII markers in paediatric patients with burns, as well
as to substantiate the pathogenetic significance of the applica-
tion of cooling in the treatment of burn wounds in children and
to reveal the differences between the Sl and NLR in paediatric
patients treated due to thermal burn with and without cooling
of the wound after injury.

Material and methods

A total of 61 children treated due to thermal burn in the
Paediatric Surgery Department participated in the study (19
girls, 42 boys; mean age: 3.76; SD 4.79; min—max: 2 months —
17 years of age).

Inclusion criteria: (a) admission to hospital due to thermal
burn; (b) no concomitant diseases; (c) the consent of caregivers

and patients over 16 years of age to participate in the study; (d)
under 18 years of age.

Exclusion criterion: disagreement of caregiver/patient to
participate in the study.

Blood samples were collected on the day of injury. Com-
plete blood cell count parameters were analysed. The Sl and
NLR were calculated (Sl = platelets x neutrophils/lymphocytes
counted based on peripheral lymphocyte, neutrophil and plate-
let counts; NLR = neutrophil/lymphocyte counted based on pe-
ripheral neutrophil and lymphocyte counts).

The extension of the burn wound was expressed as a per-
centage of total body surface area (% TBSA). The Lund-Bowder
chart was used to calculate the burn surface for children under
16 years of age, and the rule of nines was used for children over
16 years of age. The caregivers were asked if the burn wound
was cooled after injury or not. The correctness of burn wound
cooling was assessed in each case individually.

Excel was used to perform statistical analysis. The chi-
square test was used for categorical variables, and a t-Test was
used for continuous variables (non-categorical). The study ob-
tained a positive opinion from the Bioethical Committee (KB
109/2014).

Results

All the patients included in the study group were hospital-
ised in the Paediatric Surgery Department due to a burn injury
that occurred on the day of admission. The children did not
present any accompanying pathology. Most children (62.3%)
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alrel<elm suffered from partial-thickness burn injuries (I and Il degrees).

82818 37.7% of the patients had full-thickness burns (lll and IV de-

c|c|oc|o grees). The surface of the burn did not exceed 15% of the total
body surface area (mean: 7.31; SD: 4.01; min—max: 1-15; me-

° 5 dian: 8). The duration of hospitalisation lasted from 1 to 47 days

SN2 ® (mean: 9.25; SD: 8.05; median: 7; min—max: 1-47).

NlglS o 17 patients required surgical treatment. 19.6% of children
with thermal burns did not receive appropriate burn wound
cooling (defined in the guidelines). The group of children who

° 8 o 3 received wound cooling as first aid (51 children) and the group

. E g § of children who did not receive wound cooling (10 children) did
not differ in age (mean age: 3.19 vs 6.67; p = 0.07; p > 0.05) or

© the extent of burn wound (8.27 vs 14.2% TBSA; p = 0.09; p >
’:‘ ol 8 2 0.05). The gender differences between these groups were in-
i 22 |3|Q significant (27.5% vs 50%; p = 0.53; p > 0.05). Children who re-
% N I AL ceived appropriate burn wound cooling less frequently required
oo surgical treatment (21.6% vs 60%; p = 0.013).
‘e © o0 The basic statistics of the tested parameters are presented
g o 2 g 3 in Table 1. As there were features of the ratio between neutro-
g g 9~ R phils and lymphocytes in children depending on age, the chil-
e o dren were divided into two age groups (up to 5 years of age
°ls - N and older).
s 5 Il 4| a The basic statistics of tested parameters and the results of
> = AR R R ; ;
n O 21842 the comparison between patients less than 5 years of age and
E, those over 5 years of age are presented in Table 2. Significant
g ~ differences were found between the WBC, NLR and SlI values
a ol 8 s (p <0.05).
o N | o | ®
s S E : g In the study group, 50 children were under 5 years of age
.‘% (14 girls, 36 boys; mean age: 1.6; median: 1; SD 1.195; min—
o max: 0.16-5 years of age). The surface of the burn wound dif-
(-T:]
o 8 ° fered from 1% to 15% TBSA (mean: 7.52% TBSA; median: 7.5;
g lel&|2 SD: 4.06). 33 children (66%) had partial-thickness burns (I and
& A B el Il degrees), and 17 children had full-thickness burns (lll and IV
o degrees). 11 children (22%) required surgical treatment. The du-
= s o ol s ration of hospitalisation ranged from 1 to 30 days (mean: 8.12;
'4:; o g3 o 3| s mean: 7; SD: 5.61).
3= PR R E No differences were found when analysing the basic param-
2 o g eters in children with and without burn wound cooling under 5
Z -g ~ 4| & years of age. The basic statistics of tested parameters and the
Sle ~ g w |0 _,E results of the comparison between patients under 5 years of
S| N Rl I = age are presented in Table 2. Due to the small number of pa-
2 = — | = || E
) S tients > 5 years of age, performing valuable statistical compari-
g - £ son in this age group was not possible.
s g o S al 2 Burned children < 5 years of age who had higher PLT values
1 — .
2 g < S|1e|R 5' on the day of admission (the day of injury) more frequently re-
g S T z quired surgical treatment (p = 0.027). Children with more exten-
S _0;5 sive burn wounds (exceeding 10% TBSA) had higher WBC values
2 -8 = on the day of injury (p = 0.034). Higher NLR and SlI values were
& Vo9& S related to longer hospitalisation (p < 0.05).
o < ~ — =]
3 [22] ~ ()] (92} g
S 1S . .
g S Discussion
—_— o =
S £ ola|gla] ¢
; T w|2|s|R| B According to Lord et al., the high concentrations of proin-
S o £ flammatory cytokines after a burn injury increase the activity
‘; o) g of neutrophils, causing them to migrate across the damaged
2 °E’ 3 8 " S 2 endothelium [4]. The aim of wound cooling is to avoid second-
E g o § s § & ary burn progression. Laggner et al. revealed that leukocyte and
o _g- 5' neutrophil counts in patients with burns were significantly in-
S % 5 creased on the day of admission [5]. According to the results
; S S ] Q| < of their study, the level of lymphocytes decreases in the first 7
g § - Sle(R|g f_;i days post injury, and the serum levels of neutrophil elastase is
; 2= Al A I elevated in patients with 3™ degree burn injuries [5].
& é 2 5 Studies on adult patients with burns demonstrate that the
:g ‘5 -% < n| g Neutrophil to Lymphocyte Ratio (NLR) has a prognostic value in
5 w2 2 2 1 : = burned patients [6, 7]. Hu et al. revealed that an NLR above 14
E Qg I8 |«|R § was associated with decreased survival in patients with exten-
% ‘;', o %’ sive burns [6]. Qiu et al. underlined the role of NLR as a marker
& s g 5% = Q of inflammation and suggested that 3-day NLR is associated
= e|jzjo] =2 with an increased risk of death in severely burned patients [7].
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Moreover Fuss et al. claimed that NLR also has a prognostic val-
ue in patients with burn injuries for the diagnosis of sepsis and
bacteraemia [8]. The authors underlined the fact that this ratio
is easy to implement in clinical practice and is also cost effective
[8], as NLR is calculated with the use of available biomarkers
(neutrophil count and lymphocyte count) [8]. Surprisingly, Kim
et al. found that a preoperative NLR value is a risk factor for
acute kidney injury after burn surgery [9]. The study by Angulo
et al. described the evolution pattern of NLR in adult burn pa-
tients [10]. They found that NLR decreased after admission in all
patients but was higher in non-survivors [10]. They described
a significant correlation between NLR on admission and burn
extension and severity [10].

There are few studies on NLR and Sl conducted on paediat-
ric patients with burns. The results of the study by Gunduz et al.
also confirmed the value of NLR in paediatric patients [11]. The
results of their study indicated a positive relationship between
NLR and length of hospital stay [11]. However, the study group
consisted of 39 paediatric scald burn patients, and the authors
did not distinguish the age groups in their analysis [11].

According to the results of a study on children by Thakkar
et al., an abnormal lymphocyte percentage 72 hours or more
after burn injury was an independent predictor of infection [12].
Moreover, it was associated with a significant increase in infec-
tion and length of stay [12].

The results of the study indicate that surgical treatment was
more often performed in patients that did not receive appropri-
ate wound cooling after injury. The role of wound cooling in the
prognosis of patients with burns is well established [13—16]. The

authors compared the burn wound cooling methods [2, 3, 17].
Unfortunately, compliance with the Burns First Aid Guidelines,
rules of wound cooling and initial management of a burn wound
is suboptimal [18, 19]. Kilshaw et al. suggested that burn first aid
could be improved with easy access to the Internet and smart
device apps with information online [20].

Limitations of the study

The limitation of the performed study was the small number
of patients included in the study group. All the children were
hospitalised in the Department of Paediatric Surgery and suf-
fered from mild and average burns. There were no fatal cases
included in the study group. In Poland, most children with se-
vere burns are hospitalised in burn centres.

Conclusions

Appropriate wound cooling plays a crucial role in the reduc-
tion of indications for surgical treatment. Thus, the education
of parents and medical personnel who have first contact with
children after burns about the importance of correct first aid
seems crucial to minimise the impact of the injury on the chil-
dren’s thin skin.

The Sl and NLR seem to be promising prognostic markers in
children with burns. Further studies on larger groups are neces-
sary to reveal the relationship of the new inflammatory markers
with other aspects of burn injury in the paediatric population.
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Conflicts of interest: The authors declare no conflicts of interest.
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