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Abstract

Aim of the study: Burn injuries occur mainly in children, primarily between two and four years of age. The most 
common cause of burns is contact with hot liquid. Apart from local treatment of damaged tissues, an important 
role in burn injury management is played by immediate implementation of burn disease management. This 
procedure, aimed at mitigation of systemic effects of thermal injury, consists of an adequate nutritional proce-
dure, including supply of high-protein diet. The purpose of this study is to evaluate the nutritional procedure in 
children with burns.
Material and methods: An evaluation was performed on nutritional interventions implemented in children 
hospitalised for burn injuries in 2010–2017. The effectiveness of the use of oral nutritional supplements was 
researched in detail. 
Results: In the studied period, 310 children were hospitalised for burns. Implementation of temporary paren-
teral nutrition was necessary in 1.94% of patients. In the subsequent years of the study, a significant increase 
in the supply of oral nutritional supplements (ONS) within the nutritional intervention was observed (2.6% 
vs. 45.7%). The applied nutritional interventions enabled maintenance of a proper nutritional status during 
treatment at the surgery department. The values of total protein and albumins as of the last day of hospi-
talisation displayed no significant differences compared to the values determined at admission to hospital. 
Paediatric patients administered with ONS had significantly higher total protein values at discharge from 
hospital (6.87 ±0.12 g/dl for ONS vs. 6.26 ±0.24 g/dl for N-ONS) and displayed a higher rate of burn wound 
healing (p = 0.030).
Conclusions: Implementation of adequate nutritional intervention affects both the course of burn disease 
management and the wound healing rate. Oral nutritional supplements play an increasing role in the treatment 
of paediatric patients with burn injuries. Administration of ONS has a significant impact on the nutritional 
status of burnt children and accelerates the wound healing process.
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Introduction

Burn injuries occur mainly in children, primarily in 
patients up to the third year of life. Apart from local treat-
ment of damaged tissues, an important role in burn injury 
management is played by immediate implementation of 

burn disease management. This procedure, aimed at mit-
igation of systemic effects of thermal injury, consists of 
an adequate nutritional procedure. Apart from pain and 
shock therapy, it plays a key role in treatment of patients 
with burn injuries and significantly affects the recovery 
process and wound healing rate. 
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Thermal injury always induces a hypermetabolic re-
sponse. By catabolic processes and loss of fat-free body 
weight, it promotes pro-inflammatory responses as well 
as immunological and endocrine disorders. Therefore, 
implementation of an adequate nutritional intervention 
at the initial stage of treatment significantly affects its 
course and further rehabilitation. It also reduces the risk 
of early or late complications, therapy length, and proba-
bility of death. The purpose of the study is to evaluate the 
nutritional procedure in children with burn injuries, in 
particular the need to implement appropriate nutritional 
intervention – especially with the use of oral nutritional 
supplements (ONS).

Material and methods

An evaluation was performed of nutritional inter-
ventions implemented in children hospitalised for burn 
injuries in the Department of Paediatric Surgery, Trauma-
tology, and Urology of the Poznan University of Medical 
Sciences in 2010–2017. The analyses used, among others, 
detailed evaluation records of the patients with thermal 
injuries, considering the applied nutritional procedure. 
All patients (up to 18 years of age) treated for isolated 
thermal injuries were enrolled in the study. None of the 
patients had absorption disorders. No exclusion criteria 
were applied.

The analysed population consisted of 310 children, 
including 66.8% of boys (207 patients) and 33.2% of girls 
(103 patients). The median age of patients was one year. 
The vast majority of them (72.9%) were patients up to 
three years of age, but only 1.2% of children (four pa-
tients) were under the age of one year. The main cause 
of burns was contact with hot liquid, most frequently in 
the area of: upper limbs, chest, and head and neck. All 
wounds demonstrated a mosaic nature with dominating 
second-degree burns (84.8%). On average, approximately 
10.0% of body surface was injured. Nine per cent (28) 
of children with burns required surgery. In most cases, 
the procedure consisted of necrectomy and autologous 
split-thickness skin graft transfer.

The patients were evaluated at admission to hospital 
and during treatment at the surgery department, with 

a view to nutrition in the context of necessary imple-
mentation of an adequate nutritional intervention. The 
evaluation was performed by a surgeon in collaboration 
with a dietician, considering the current standards of the 
World Health Organisation (WHO) and using the labora-
tory parameters of nutritional status assessment (e.g. total 
protein, albumins). The caloric need was determined em-
pirically by multiplying the basal metabolic rate (calculat-
ed using the Harris-Benedict formula) by the conversion 
factors (1 + [2 × percentage of burned body surface]). The 
caloric intake of children was assessed empirically. It was 
based on registered information on the amount and type 
of meals eaten by the patient. The type of introduced nu-
tritional intervention and its effectiveness were also eval-
uated. The focus was on administration of ONS in burn 
management. In the second phase of the study, the group 
of patients administered with ONS within the nutritional 
intervention at the surgery department were compared 
with the corresponding population of patients who were 
not administered with such formulas. The general condi-
tion of children after hospitalisation in both groups was 
compared, with a particular focus on nutritional status 
parameters and wound healing assessment. The acquired 
data were analysed using the descriptive statistics, meth-
ods, and tools, adopting the significance level of p < 0.05. 
Consent to perform the studies was issued by the Bioeth-
ical Committee at Poznan University of Medical Sciences 
(no. 175/17).

Results

The main factors modifying the energy intake includ-
ed burn injury extensiveness (surface) and the need for 
implementation of surgical procedures (wound surgery 
with general anaesthesia, split-thickness graft). All pa-
tients above one year of age were put on a high-energy 
diet rich in proteins (Table 1), while the infants were fed 
mostly with their mother’s milk. Only 1.3% of children 
were breastfed. Among those patients, no high-protein 
or rich-energy supplementation was used. Mother’s milk 
completely met the energy needs of the burned infants. De-
spite implementation of an adequate nutritional procedure 
dedicated to thermal injuries, all patients under study re-
quired additional nutrition with food products purchased 
by the parents. 1.9% of patients required implementation 
of temporary parenteral nutrition, which resulted primarily 
from their severe general condition, advanced progression 
of burn disease, and their stay at the paediatric intensive 
care unit. Parenteral nutrition formulas were prepared each 
time by the hospital pharmacy with consideration to the 
individual nutritional and metabolic needs of treated pae-
diatric patients. 45.7% of children required food interven-
tions in 2017. The majority of them (93.8%) were adminis-
tered only orally or enterally, also using ONS.

The population under study demonstrated proper nu-
tritional status at the time of thermal injury. No low body 

Table 1. The main characteristics of a hospital diet for children with 
burn injuries

Easily digestible diet with increased protein supplementation  
(3 g protein/kg b.w./24 h).
The protein covers daily energy needs in 10–15%.
2/3 of the protein should be a wholesome protein and come 
from animal products.
Increased energy supply in the diet (to use protein for building 
and regeneration purposes).
Carbohydrate covers daily energy needs in 50–55%.
Fat covers daily energy needs in 30–35%.
Salt is limited in the diet.
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weight or short stature were observed. The values of total 
protein (6.46 ±0.55 g/dl) and albumins (4.22 ±0.44 g/dl) 
fell within the normal range. The applied nutritional in-
terventions enabled maintenance of a proper nutritional 
status during treatment at the surgery department. The 
values of total protein and albumins as of the last day of 
hospitalisation displayed no significant differences com-
pared to the values determined at admission to hospital 
(Table 2). With regard to high body weight variability 
resulting from significant body fluid loss and intensive 
fluid therapy during treatment, the measurement of this 
parameter was inadequate for nutritional status assess-
ment. No disturbances of glycaemia and hyperglycaemic 
states were observed in the studied population.

A significant growth of administration of ONS within 
the nutritional intervention in children with burn inju-
ries was observed. This growth was exponential – from 
2.6% of patients in the first years to 45.7% of patients 
in 2017 (Fig. 1). The main criterion for including ONS 
was inadequate energy supply by the hospital diet. ONS 
constituted a significant supplementation to the hospital 
high-energy diet rich in proteins applied in patients with 
burn wounds. This type of nutritional management was 
successfully implemented also in younger patients after 
the first year of age. In the last years of the study, ONS was 
administered to all children with insufficient energy or 
protein supply despite introduction of an adequate hospi-
tal diet (Table 3). In most cases, supply of a single serving 
of ONS daily was sufficient (average volume of 200 ml, av-
erage energy supply of 1.5 kcal/ml). Maximum dose was 
600 ml/24 h of ONS during nutritional intervention in 
a teenager treated for full-thickness burn (third degree). 
Flavour was the main selection criterion for a given for-
mula and tolerance indicator in a given population. The 
best tolerance was recorded for chocolate flavour.

The population of patients administered with ONS 
were compared with a group of children not administered 
with ONS (N-ONS). These groups were identical in terms 
of: age (median: 1.5 years for ONS and for N-ONS), sex 
(62.5% of boys for ONS and 73.9% of boys for N-ONS), 
nutrition at admission to hospital as well as burned sur-
face (averages of 6.4% for ONS and 8.3% for N-ONS), and 
the degree (median: 2A grade for ONS and for N-ONS) 
and scheme of thermal injury. The burn wound treatment 
method was also the same. 12.5% of children from the 
ONS group required an autologous split-thickness skin 
graft transfer, while all patients in the N-ONS group 

were treated conservatively. The lengths of hospitalisa-
tion in both populations under study were comparable 
(p = 0.099). The children administered with ONS in most 
cases left the hospital with completely healed thermal in-
juries, while the burn wounds of the patients not admin-
istered with ONS were primarily at the stage of partial 
epithelialisation (p = 0.030) at discharge from hospital. 
There were significant differences (p = 0.026) in the val-
ues of total protein determined at discharge from hospital 
(averages of 6.87 ±0.12 g/dl for ONS and 6.26 ±0.24 g/dl 
for N-ONS) between both groups, although these param-
eters did not deviate from the laboratory standards. No 
difference in the values of albumins (p = 0.106), haema-
tocrit (p = 0.468), and haemoglobin (p = 0.598) deter-

Table 2. The comparison of the nutritional status of burned children at the beginning and end of hospitalisation (percentages or mean and 
standard deviation)

Admission 
to the hospital

Discharge from 
the hospital

p-value

Correct nutritional status (%) 100 100 > 0.999

Total protein (mean) 6.20 ±0.81 g/dl 6.13 ±0.88 g/dl 0.794

Albumin (mean) 4.22 ±0.47 g/dl 4.26 ±0.28 g/dl 0.323

Figure 1. Frequency of use of oral nutritional supplements as part 
of nutritional intervention in 2010–2017
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Table 3. The composition of oral nutritional supplements used in 
children with burn injuries

Component Unit Per 100 ml

Energy kcal 153.00

Protein g 3.30

Carbohydrate g 18.80

Sugars g 7.40

Fat g 6.80

Dietary fibre g 1.50

Salt g 0.17

Energy distribution (%)

Protein Carbohydrate Fat Dietary fibre

9 49 40 2
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mined at discharge from the surgery department (Table 4) 
were observed, although, contrary to the ONS group  
(p = 0.577), the N-ONS patients demonstrated a clear 
downward trend of haemoglobin values during hospital-
isation, oscillating at the edge of statistical significance  
(p = 0.061) (Fig. 2). No significant differences in the 
trends of albumin and haematocrit value changes in both 
populations during hospitalisation were revealed.

Discussion

An adequate nutritional procedure from the moment 
of occurrence of a thermal injury to the end of hospi-
talisation is one of the key components of burn man-
agement. This results from induction of post-traumatic 
hypermetabolic response, which entails a significant in-
crease of energy intake – in particular in the period of 
prevalence of catabolic processes. Extensiveness of the 
burn wound seems to be the key element enabling deter-
mination of energy intake of a child after thermal injury, 
provided that, when transferring autologous intermedi-
ate thickness grafts, both the body surface damaged in 
effect of injury and the size of the donor area (surgical in-
jury) are taken into account. While planning an adequate 
nutritional procedure, it is important to consider the in-
creased protein demand – 3 g/kg b.w./24 h – in addition 

to adequate energy intake. Adequate supplementation of 
micro-nutrients and vitamins should also be taken into 
account. At present, the effect of glutamine on increased 
survival rate and reduced treatment length (so-called im-
munomodulating nutrition) has been questioned. At the 
same time, it is necessary to assess the quantity of glu-
cose administered with the diet, which should supply up 
to 55% of the total energy intake. In addition, blood glu-
cose concentration in children with burn injuries should 
also be controlled and maintained below 8 mmol/l. Ex-
cessively high glucose concentrations, which were not 
observed in the studied population, promote catabolic 
reactions and increase the risk of infection. According 
to LeCompte et al., maintaining normal glucose levels 
can be achieved with propranolol. In hyperglycaemia it 
is usually administered in dosage of 2 mg/kg b.w. daily 
in divided doses [1–5].

Many researchers emphasise the importance of early 
nutritional intervention and possibly early introduction 
of oral feeding in children with burn injuries. Planning 
and implementation of an adequate nutritional procedure 
should be preceded with metabolic evaluation of the pa-
tient and determination of laboratory nutritional status 
indicators at admission to hospital, which is highlighted 
by the authors of this publication. According to Chan and 
Chan, immediate introduction of an adequate nutritional 
intervention, regardless of administration route (enteral 
vs. parenteral), reduces the risk of early and late compli-
cations, probability of infection, and long-term effects of 
thermal injury. Khorasani and Mansouri demonstrate that 
early introduction of enteral feeding reduces the length of 
hospital stay and decreases the mortality rate [6, 7].

The selection of an appropriate route of nutritional 
intervention depends on the extensiveness and location 
of thermal injury and progression of burn disease. Oral 
access is preferred, although in certain cases it is neces-
sary to introduce enteral nutrition or even temporary to-
tal parenteral nutrition (TPN). Dylewski et al. state that 
TPN is a safe and effective alternative to enteral nutrition. 
The authors of this publication agree with this statement 
and emphasise the lack of complications when selecting 
this procedure in the population under study. On the 
other hand, Suri et al. believe that an optimal, early nu-
tritional intervention can be implemented with the use 
of a nasogastric tube, while Kreis et al. encourage use 
of percutaneous endoscopic gastrostomy (PEG) in chil-
dren with burn injuries requiring long-term nutritional 
management. According to the authors of this publica-
tion, such treatment seems to be reserved only for a small 
percentage of patients whose period of hospitalisation is 
prolonged [8–10].

An adequate nutritional procedure depends on the 
age of the patients and the occurrence, in particular in 
younger children, of a more severe course of burn disease 
and therefore an increased risk of nutritional complica-
tions. Inhibited intake of an ordered high-energy diet 

Table 4. The comparison of burned children receiving and not re-
ceiving oral nutritional supplements – laboratory parameters at 
discharge from the hospital (mean and standard deviation)

ONS N-ONS p-value

Total protein 6.87 ±0.24 g/dl 6.26 ±0.12 g/dl 0.026

Albumin 4.22 ±0.47 g/dl 4.26 ±0.28 g/dl 0.106

Haemoglobin 11.8 ±1.0 g/dl 11.6 ±0.9 g/dl 0.580

Haematocrit 35.0 ±2.7% 34.1 ±3.1% 0.468
ONS – patients receiving oral nutritional supplements, N-ONS – patients not receiving oral nutritional 
supplements

Figure 2. Change in the haemoglobin value during hospitalisation 
in the groups of children receiving and not receiving oral nutritional 
support
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rich in proteins is also significantly affected by supply 
of hospital meals and fixed hours of their consumption. 
Therefore, in order to ensure adequate caloric intake, all 
patients in the study required additional food provided 
by their parents. Such additional feeding cannot be con-
sidered a balanced diet. It enables adequate energy intake 
but in most cases fails to supply the required quantity of 
proteins, and macro- and micronutrients. In such cases, 
introduction of ONS, which – in the studied material – 
was strictly required by nearly a half of the children with 
burn injuries, seems to be crucial. ONS ensures both ad-
equate caloric supply and enables proper balancing of the 
diet. All the above affect the general condition of a child 
after thermal injury (better nutrition at discharge) and 
better wound healing rate. Tolerance to flavour seems to 
be the only obstacle in applying ONS in children above 
one year of age with burns [3].

The effects of thermal injury go beyond the length 
of wound healing or burn disease. Both the induction of 
post-traumatic hypermetabolic response and significant 
homeostatic disturbances result in frequent late effects of 
burns in children. Gottschlich et al. point out chronic low 
blood concentrations of vitamin D in patients with burns 
and the necessary of vitamin supplementation. Chao  
et al. describe long-term disturbances in muscle protein 
exchange related to a negative net protein balance event 
in the post-meal periods, which promotes cachectic pro-
cesses. This phenomenon is most frequently observed in 
the first year after thermal injury. This imposes regular 
follow-ups with consideration of full metabolic evaluation 
and proper development of children treated for burns. 
This procedure will enable detection of any potential ab-
normalities and introduction of adequate treatment to 
prevent occurrence or progression of late effects of burns. 
According to the authors of this publication, a complete 
nutritional evaluation and proper development control 
should be performed at least twice – one year and two 
years after completion of the burn wound healing process 
[11, 12].

Conclusions

An adequate nutritional procedure is one of the key 
elements of treating a child after thermal injury. Imple-
mentation of the adequate nutritional intervention af-
fects both the course of burn disease management and 
the wound healing rate. 

Oral nutritional supplements play an increasing role 
in the treatment of paediatric patients with burn injuries. 
Administration of ONS has a significant impact on the 
nutritional status of burnt children at discharge from hos-
pital and accelerates the wound healing process.
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