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Background: Infectious complications are a significant cause of morbidity and mortality in patients with deep
burns, especially pediatric patients. While autologous split thickness skin grafting is commonly used after
escharectomy to promote wound healing, its effect on reducing infection rates and the need for antibiotics in this
population is not well understood.

Objective: This study aimed to evaluate the impact of skin grafting on the incidence of wound infectious com-
plications, systemic inflammatory response syndrome (SIRS) development, and the need for antibiotic treatment,
in pediatric patients.

Methods: A retrospective cohort of 123 pediatric burn patients treated at Bufalini Hospital, Cesena, Italy, between
2018 and 2024 was analyzed. Inverse probability of treatment weighting (IPTW) was used to balance covariates.
Cox proportional hazards models were applied to assess the influence of grafting on the time to wound infectious
complications, subsequent SIRS development, and need for antibiotic treatment. Sensitivity analysis using both
time-insensitive logistic models and leave-one-out approach were performed to assess robustness of findings.
Results: Skin grafting significantly reduced the risk of wound infectious complications (hazard ratio = 0.12, 95 %
CL: 0.02-0.58, p < 0.01) and SIRS development (hazard ratio = 0.14, 95 % CI: 0.03-0.73, p = 0.02). A non-
significant trend was also identified in the need for antibiotic treatment. Sensitivity analysis confirmed the
robustness of the results.

Conclusion: Autologous split thickness grafting plays a critical role in preventing infectious complications in
pediatric burn patients. In children with deep burns, early skin grafting may play a pivotal role as part of the
treatment protocol, pending confirmation from larger multi-center studies.

1. Introduction especially infections [4,5]. Burns also lead to immunosuppression and a

dysregulated inflammatory response, driven by children developing

Burn injuries are a leading cause of death and disability among
children globally, ranking as the fifth most common cause of non-fatal
childhood injuries, and resulting in up to 20 % of cases in permanent
disability [1]. These injuries pose significant clinical challenges,
particularly in children, where thinner skin and smaller body surface
area increases the risk of severe injuries and subsequent complications,
even from minor incidents [2,3]. Consequently, burn injuries in pedi-
atric patients are associated with substantial risks of complications,

immune systems and the physiological demands of healing extensive
tissue damage [6,7]. In this setting, pediatric injuries frequently result in
infections that progress to systemic inflammatory response syndrome
(SIRS) and subsequent sepsis, accounting for more than half of the
deaths in these cases [8,9]. When non-lethal, these infections delay
healing, lead to prolonged hospital stays, and result in increased
healthcare costs [10,11]. Additionally, the necessity for antibiotic
treatment following these complications introduces further challenges,
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particularly with the increasing issue of antibiotic resistance in pediatric
population [12,13]. Therefore, preventing and managing infectious
complications is a primary goal in the treatment of pediatric burn
injuries.

Skin grafting, since its introduction, has fundamentally transformed
the management of burn injuries by promoting quicker wound closure,
enhancing healing processes, and reducing infection risks [5,14]. By
covering exposed burn areas with healthy skin, skin grafting decreases
the open wound surface, thereby mitigating the risk of secondary bac-
terial colonization and infection [15]. Beyond merely accelerating
wound healing, skin grafting offers several additional benefits, including
infection risk reduction, prevention of SIRS and its related complications
[16,17]. It also reduces losses of calories, electrolytes, and plasma, thus
helping to stabilize the patient physiological status [17].

Despite the widespread use of skin grafting in burn management, its
specific impact on infectious complications in pediatric burn patients
remains a topic of debate and uncertainty among healthcare practi-
tioners. A recent study published in 2024 reveals that while a third of the
participants reported a protective effect of skin grafting against infec-
tious complications, a smaller portion observed negative impacts,
including donor-site infections [14]. This dichotomy underscores the
complexity of treating pediatric burn patients and highlights the need
for ongoing research to clarify the benefits and risks associated with skin
grafting in this vulnerable population. In this regard, the existing
research on the efficacy of skin grafting is exclusively centered on adult
populations. This focus leaves a significant knowledge gap, as the bio-
logical healing processes and infection risk factors in children differ
markedly from those in adults [18]. Furthermore, the inner complexity
of burn injuries and their complications in pediatric patients - which are
strongly influenced by a variety of factors including patient character-
istics, timing of hospitalization, and center-based management - neces-
sitates robust statistical approaches to discern the true impact of
interventions.

This study addresses this gap by retrospectively analyzing a cohort of
pediatric burn patients using a robust statistical approach - inverse
probability of treatment weighting (IPTW) - to approximate the unbi-
ased conditions of a randomized controlled trial. To the best of our
knowledge, this is the first application of such statistical methods in this
field. Our aim was to evaluate the specific effect of skin grafting on
clinically significant outcomes: the incidence of infectious wound
complications following burns, SIRS development, and the need for
antibiotic treatment. By isolating the effect of skin grafting, we sought to
provide evidence that may guide clinical decision-making in pediatric
burn care.

2. Methods
2.1. Study design and population

This retrospective cohort study included pediatric burn patients (age
<18 years) admitted to Bufalini Hospital, a tertiary referral center in
Cesena, Italy, between 2018 and 2023. The cohort comprised 127 pa-
tients with different type and severity of burn injuries. Patients with
incomplete medical records data were excluded. Prior to inclusion,
informed consent for the publication of aggregate data was obtained
from children parents, in accordance with procedures outlined in pre-
vious studies on the same cohort [18].

2.2. Data collection

Patient demographic characteristics, burn etiology, hospitalization,
and treatment data were collected. Key variables included age, sex,
weight, total body surface area burned, full-thickness surface area burns,
burn causative agent, environment of injury, length of hospitalization,
and the presence of third-degree burns. The treatment variable was
autologous split-thickness skin grafting (graft vs. no graft), and the
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outcomes of interest were wound infectious complications, SIRS, and the
need for antibiotic treatment post-complication. Antibiotic use was
analyzed, including cases beyond wound infection, because excluding
patients receiving antibiotics for unrelated conditions would result in an
analysis mirroring the infection data, thereby limiting a broader un-
derstanding of antibiotic treatment in burn care. Wound site infections
were diagnosed based on the presence of local clinical signs (redness,
swelling, pain, purulent discharge) along with microbiological evidence
from positive wound cultures and biopsies. To assess infection severity,
we also considered the presence of systemic signs (fever) paired with
laboratory findings indicative of systemic involvement, such as elevated
white blood cell count, positive blood cultures, and increased C-reactive
protein levels. These criteria were used to differentiate more severe in-
fections associated with systemic dissemination. When systemic signs
were present, infection definition was based on sustained elevations in
C-reactive protein and fever over time, not including case with a single
peak value, which is often a normal response to the burn injury. Spe-
cifically, an increase in C-reactive protein was considered significant
only if it persisted over multiple days, and fever was regarded as
indicative of infection if it was sustained and responsive to antibiotic
treatment. Transient peak in C-reactive protein or fever occurring
immediately after the injury were not included in the infection group.
The definition of consequent SIRS required a body temperature
exceeding 38.5 °C and a white blood cell count either above 12,000/
mm? or below 4000/mm?, in alignment with current guidelines [19].
Differentiation of wound site infections and SIRS served as a proxy of
infection severity, categorizing infections into mild and severe. This
approach helped to investigate whether the potential effect of skin
grafting would be evident across both less and more severe infections. In
instances where infections were suspected, the clinical routine at our
center is immediately initiate systemic antibiotic therapy with drugs
suitable for the typical microbes encountered in our ward. This treat-
ment is then adjusted according to the resistance profiles obtained from
positive culture results. Descriptive statistics were used to summarize
the cohort, as reported in Table 1. Distribution was assessed for
normality both visually and using the Shapiro-Wilk test. Continuous
variables with a non-normal distribution were reported as median and
interquartile range and analyzed accordingly. Percentages were used to
summarize categorical variables.

2.3. Skin treatment

Reasons for surgery included full-thickness burns - considering their
extent and location on the body - and delayed healing, if the healing
process took longer than 14 days or the injury deepened over time.
Exclusion Criteria for Surgery included superficial burns and effective
re-epithelialization of full-thickness burn within 14 days. The choice
between surgical grafting and conservative management is influenced
by burn depth, extent, location, and patient condition. Grafting offers
faster wound closure and reduced infection risk in deep burns, but may
be associated with more visible scarring and the burden of surgery.
Conversely, conservative treatment is suitable for superficial burns,
often yielding better aesthetic outcomes when healing is timely, though
it may carry increased risk of complications if applied to deeper wounds.
Close follow-up and meticulous wound care are essential in either case,
and in select patients, may allow conservative approaches to achieve
comparable infection control. While conservative treatment remains the
standard for superficial and intermediate burns that heal within two
weeks, early surgical management should be considered for deeper or
delayed-healing lesions, where the risk of infection and scarring is
significantly higher. Patients who did not underwent skin-grafting, or
before skin-graft, had their burn injuries treated with topical enzymatic
debridement or hydrocolloid dressing followed by products that stimu-
lates re-epitelization, including rigenase, corticosteroids, and topical
antimicrobial therapies such as silver sulfadiazine, povidone iodine,
gentamicin, and fusidic acid. Additionally, skin substitutes were
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Table 1
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Demographic and clinical characteristics of pediatric burn patients categorized by skin graft status. The table summarizes key variables including age, sex, burn
severity (total body surface area burned and full-thickness burns), and other relevant factors. Standardized Mean Differences (SMD) and P-values are provided for both
univariate analyses and post-IPTW modeling, highlighting the effect of IPTW in reducing potential biases related to group enrichment in the cohort. Abbreviations:
SMD = standardized mean difference, TBSA = total body surface area, TBSA3 = full-thickness total body surface area, ICU = intensive care unit, SIRS = systemic

inflammatory response syndrome.

Skin graft Wound infection
Variable no (n. 91) yes (n. 32) p-value SMD IPTW p IPTW SMD no (n. 96) yes (n. 19) p-value
age 1 [0.08-4] 2.5 [0.67-9.25] 0.06 0.37 0.78 0.06 2 [0.08-5.25] 2 [0.83-5.5] 0.95
sex (male) 56 (61.5 %) 23 (71.9 %) 0.29 68 (65.4 %) 11 (57.9 % 0.53
weight 12.9 [4.39-18.1] 18.1 [8.89-46.5] 0.02 13 [4.39-21.9] 14.2 [9.2-22.15] 0.97
TBSA 10 [1-15] 10 [1-18.5] 0.92 0.02 0.81 0.05 10 [1-15] 15 [9-20] 0.04
TBSA3 0 [0-2.25] 1 [0-8.5] 0.23 0 [0-7] 0 [0-10] 0.46
domestic 83 (91.2 %) 21 (65.6 %) 0.001 0.65 0.99 0.002 88 (84.6 %) 16 (84.2 %) 0.96
comorbidity 13 (14.9 %) 1 (3.6 %) 0.21 11 (11.5 %) 3 (15.8 %) 0.59
ICU 16 (29.6 %) 8 (25.0 %) 0.69 27 (26.0 %) 7 (36.8 %) 0.33
time-to-hosp (days) 0 [0-1] 1 [0-1.25] 0.03 1.63 0.95 0.04 0 [0-1] 0 [0-1] 0.25
full-thickness burn 24 (26.4 %) 18 (56.2 %) 0.003 0.64 0.74 0.06 33 (31.7 %) 9 (47.4 %) 0.19
wound infection 15 (16.5 %) 4 (12.5 %) 0.59 / / /
SIRS 9 (9.9 %) 2 (6.2 %) 0.54 / 11 (57.9 %) /
antibiotics 15 (16.5 %) 11 (34.4 %) 0.04 7 (6.7 %) 19 (100 %) /
medium 0.03 0.62 0.79 0.05 0.71
chemical 2 (2.2 %) / 2 (1.9 %) /
electric / 1 (3.1 %) 1 (1.0 %) /
flame 13 (14.3 %) 9 (28.1 %) 11 (11.5 %) 5 (26.3 %)
liquid 74 (81.3 %) 19 (59.4 %) 79 (76.0 %) 14 (73.7 %)
solid 2 (2.2 %) 3 (9.4 %) 5 (4.8 %) /

employed in the treatment of these patients. For patients who under-
went skin grafting, the protocol included a preoperative single dose of
cefazolin and no topical antibiotic therapy after grafting. After surgery,
the graft care involved a regimen starting with four days of paraffin
gauze dressing combined with chlorhexidine, povidone iodine dressing
for another four days, then application of hydrating creams to support
graft health and promote skin recovery.

2.4. Statistical analysis

To accurately assess the treatment effect and control for potential
confounders we utilized IPTW regression models. This statistical method
helps to balance the observed covariates between treatment groups,
ensuring that the estimation of the causal effect of the treatment on the
outcomes is as unbiased as possible, especially when intervention and
control group are numerically unbalanced. [20]. In line with IPTW
approach, we included only covariates that acted before the intervention
and resulted to be associated to either the treatment or the outcome
under study. All variables listed in Table 1 were considered as potential
initial covariates. A univariate association analysis was conducted with
each outcome and the treatment variable, skin grafting. Variables
showing a univariate p < 0.2 with either the treatment or outcome were
included in the IPTW model, consistent with statistical literature on
variable selection for IPTW regression models [21-23]. To assess
collinearity among covariates in the IPTW model, we calculated the
variance inflation factor for each variable. A value exceeding 10 was
considered indicative of significant collinearity and only the strongest
associated variable was included in the model. After imputation, an
IPTW Cox proportional hazards model was used to estimate hazard ra-
tios (HR) for the following outcomes:

e Primary Outcomes: the incidence of both wound infectious compli-
cations and subsequent SIRS development, modeled as time to
infection after the burn, using hospitalization length as the time
variable in negative cases.

Secondary Outcome: the use of antibiotics, also analyzed with time
to infection after the burn and hospitalization length as the time
variable.

Cox models were assessed for potential violations of the proportional

hazards assumption using Schoenfeld residuals. A p-value < 0.05 was
considered statistically significant. All statistical analyses were per-
formed using R version 4.4.2.

2.5. Sensitivity analysis

Sensitivity analysis was conducted for primary outcomes using both
a logistic model and a leave-one-out approach, excluding each covariate
in turn to assess its influence on the results. This method tested the
robustness of the protective effect of skin grafting on the outcomes.

3. Results
3.1. Descriptive characteristics

The analysis cohort consisted of 123 pediatric patients, with a me-
dian age of 2 [1-5.5] years and a median body weight of 13
[12.84-22.0] kilograms. Four patients were excluded by the analysis
due to preventive antibiotic administration, which might strongly bias
the results. Males comprised 64.2 % (n = 79) of the cohort. The median
total body surface area affected was 10 % [8-15 %], with full-thickness
injuries present in 34.1 % (n = 42) of the patients. In line with previous
studies [18], the majority of burns (84.6 %, n = 104) occurred at home,
predominantly scalds (75.6 %, n = 93). Skin grafts were performed in
26.0 % (n = 32) of cases. A total of 15.4 % (n = 19) of the patients
developed infectious complications at the wound site, with 57.9 %
(n = 11) of these cases progressing to SIRS, all of whom were treated
with antibiotics. Consistent with our hospital microbial strains repre-
sentation, positive wound cultures included Staphylococcus aureus
(both methicillin-resistant and sensitive), Escherichia coli, Enterobacter
cloacae, Corynebacterium striatum, and Pseudomonas aeruginosa.
Specifically, the grafted patients showed positive wound cultures for
Staphylococcus aureus (one case methicillin-resistant, one
methicillin-sensitive), Escherichia coli (one case), and Pseudomonas
aeruginosa (one case). The non-grafted patients had positive wound
cultures for Staphylococcus aureus (five methicillin-resistant, four
methicillin-sensitive), Escherichia coli (two cases), Enterobacter cloacae
(one case), Corynebacterium striatum (one case), and Pseudomonas
aeruginosa (two cases). Overall, antibiotics were administered in 26
cases (21.1 %), including 7 instances where the infections were not
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related to the wound site. Further details of the cohort, along with their
stratification are provided in Table 1.

3.2. Univariate analysis

In the univariate analysis, variables identified as relevant covariates
for inclusion in the IPTW model were: age, total body surface area, the
presence of third-degree burns, the environment of the burn (domestic
vs. outdoor injuries), burn causative agent (electric, liquid, flame, or
solid), and time to hospital admission. Body weight was excluded from
the IPTW analysis due to a high collinearity with age, as expected.

3.3. Primary outcome: wound infectious complications and SIRS

The IPTW-adjusted Cox proportional hazards model demonstrated
that skin grafting significantly reduced the risk of developing wound
infectious complications (HR = 0.12, 95 % CI: 0.02-0.58, p < 0.01). This
finding suggests a robust protective effect of skin grafting, as graphically
reported in Fig. 1. Additionally, skin grafting was found to significantly
mitigate the risk of SIRS (HR = 0.138, 95 % CI: 0.03-0.73, p = 0.02). The
proportional hazards assumption was tested using Schoenfeld residuals
and was satisfied for both models, with p-values of 0.87 and 0.82,
respectively.

100%
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3.4. Secondary outcome: antibiotic treatment

The IPTW model showed a protective trend of skin grafting, although
the results did not reach statistical significance (HR = 0.37, 95 % CI:
0.12-1.18, p = 0.09).

3.5. Sensitivity analysis

The analysis of wound infection using a time-insensitive logistic
regression model further reinforced the strength of our primary findings.
When analyzed as logistic regression, skin grafting exhibited a compa-
rable significant protective effect on both wound site infections (OR
0.11, 95% CIL: 0.01-0.55, p=0.03) and SIRS (OR 0.25, 95 % CIL:
0.08-0.64, p < 0.01). Additionally, the leave-one-out analysis further
validated the robustness of these results, showing that no covariate
exclusion significantly changed the protective effect of skin grafting on
wound infectious complications, except for the time to hospital admis-
sion (HR = 0.52, 95 % CI: 0.11-2.43, p > 0.05), indicating a critical role
in the development of wound infections, as expected. In order to further
elucidate this relationship, we conducted a sub-group analysis that
included only patients admitted on the first or second day after the burn,
which represented the vast majority (85 %) of our cohort. This analysis
confirmed the findings observed in the whole cohort, with skin grafting
showing a protective role for both wound infectious complications (HR

graft
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Fig. 1. Kaplan-Meier survival curve illustrating the wound infection survival probability over time (days) for pediatric burn patients categorized by skin graft status.
The graph compares the infection survival probabilities of patients who received skin grafts (orange line) vs. those who did not (blue line). The data indicate that skin
grafting significantly reduces the risk of developing wound infectious complications, as evidenced by the higher survival probability in the graft group compared to
the no-graft group throughout the follow-up period.
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= 0.26, 95 % CI: 0.08-0.88, p = 0.03) and SIRS (HR = 0.15, 95 % CI:
0.03-0.79, p = 0.03). However, given the very small number of patients
admitted after the first or second day (19/123), any analysis based on
this subgroup is limited by insufficient power and a high risk of bias.

4. Discussion

This study provides robust evidence that skin grafting plays a crucial
role in preventing infectious complications in pediatric burn patients.
Our data show that patients who underwent skin grafting exhibited a
significantly lower risk of developing infections compared to those who
did not receive grafts, as illustrated in Fig. 1. Moreover, skin grafting
notably decreased the likelihood of developing SIRS following an
infection at the wound site. These findings underscore the potential dual
benefits of skin grafting, not only in preventing infections but also in
lessening their severity.

The protective effect of skin grafting can be attributed to several
factors. Primarily, skin grafts facilitate faster wound closure, which is
crucial in burn patients and provides a physical barrier, reducing the
chance for pathogens to invade the wound site. This is especially
important in pediatric patients, where developing immune systems and
challenges of maintaining proper wound sterility are extremely higher
than in adults. Additionally, faster wound closure minimizes the dys-
regulated inflammatory response commonly seen in severe burns, which
can further compromise the immune system and create a more favorable
environment for infection.

The non-significant trend observed in the secondary outcome may
suggest that while skin grafting could reduce the need for antibiotics, its
potential benefit might be masked by the inclusion of patients who
required antibiotic treatment for complications unrelated to their
wounds, such as bronchitis, pharyngitis, gastroenteritis, and
pneumonia.

Importantly, in our cohort, all infections in the skin-graft group
occurred before the intervention. This suggests that the protective effect
of the graft may be closely tied to the timing of its application, as sug-
gested by emerging studies in the field [24], even if in our cohort, a
formal specific analysis of grafting timing influence on wound infection
complications was unfeasible due to the limited numbers available. This
remains a key focus area for future research.

A key strength of this study is the rigorous statistical analysis
employed to control for potential confounding variables. IPTW allows
for the simulation of a minimally-biased randomized controlled trial
environment within an observational study, providing a more accurate
estimation of the treatment effect of skin grafting. The importance of
such analysis is highlighted in the secondary outcome analysis: raw
percentages would suggest an higher use of antibiotics in the grafted
cohort, but this effect is reversed when the effect of potential biasing
covariates are removed. This highlight the central importance of serving
most-advanced statistical frameworks in order to effectively assess
specific interventions role in burn research, where confounding factors
plays stronger role than in other settings.

Beyond the immediate reduction in infection rates and SIRS devel-
opment, skin grafting may also have beneficial effects on long-term
outcomes in pediatric burn patients. Reducing the incidence of severe
infections has been shown to lead to shorter hospital stays, decreased
need for intensive care, and potentially fewer long-term complications
such as scarring and functional impairment [11,25,26]. The psycho-
logical impact of severe infections and prolonged hospitalizations on
children and their families is also significant and should not be under-
estimated. By minimizing these complications, skin grafting can
improve not only physical health outcomes but also the overall quality
of life for pediatric burn survivors and their families.

4.1. Study limitations and future directions

The study limitations, including its monocentric nature, the small
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sample size and the retrospective design, may impact the generaliz-
ability and reliability of the findings. The use of a small cohort and fewer
patients undergoing skin grafting might lead to potential biases in
interpreting the effectiveness of skin grafting in preventing infectious
complications. Additionally, the retrospective nature of the study could
introduce selection bias, where the subjects included may not represent
the entire spectrum of cases. Although IPTW is employed to mitigate
these biases by adjusting for observed confounders, it does not entirely
eliminate the possibility of residual confounding, particularly when
there are unmeasured or unknown factors that could influence both the
treatment assignment and the outcome. This limitation underscores the
importance of interpreting the results with caution, and future studies
with larger, more balanced cohorts or multi-center designs could help to
further reduce such confounding. We were unable to establish a reliable
threshold for delayed hospital admission and its impact on the effec-
tiveness of skin grafting in preventing wound infection due to the small
sample size of patients admitted later than the first or second day post-
injury. The limited number of cases in this subgroup contributed to
insufficient statistical power, making it difficult to draw meaningful
conclusions about the timing of hospital admission and its potential
effect on the outcomes. This is a critical point that warrants further
investigation in future studies, particularly those with larger, more
diverse cohorts or multi-center data, which would provide a more robust
analysis and help clarify the role of timely hospital admission in the
effectiveness of skin grafting for preventing wound infections. A further
limitation of our study is that we cannot entirely rule out the possibility
that the excision of the deeper burn tissue, rather than the skin graft
itself, plays a significant role in preventing wound infection by removing
necrotic tissue. The protective effect observed may therefore be influ-
enced by both the graft and the excision process. Moreover, unmeasured
variables, such as earlier debridement or enhanced wound surveillance,
may have contributed to the observed differences in infection rates.
Nonetheless, the lower complication rate observed in grafted patients -
whether attributable to the grafting procedure itself or to associated
aspects of surgical care - highlights the potential protective effect of
timely and comprehensive surgical management. While this study fo-
cuses on short-term infection prevention, the importance of long-term
functional recovery, scar quality, and quality of life, are key factors in
the ultimate success of burn treatment. Unfortunately, these outcome
metrics were not available for inclusion in this analysis. Future research
should focus on expanding these findings through larger multicentric
pediatric studies that can validate the initial results presented and
explore deeper into the nuances of burn characteristics, the efficacy of
grafting, and optimal timing for interventions, alongside longer follow-
up able to assess such important outcomes. Prospective studies and
randomized controlled trials would allow for more controlled condi-
tions, reducing bias and providing clearer insights into the benefits and
potential risks of skin grafting in pediatric burn patients.

5. Conclusion

Skin grafting stands as a pivotal treatment in the management of
burn patients, offering benefits that extend beyond wound healing. This
study provides compelling evidence that skin grafting plays a crucial
role in reducing the risk of infectious complications in pediatric deep
burn patients. By accelerating recovery and reducing complications, it
not only improves clinical outcomes but also has the potential to lessen
the burden on healthcare systems, further highlighting the need for
integrating this technique as a standard practice in pediatric burn care.
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