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Abstract
Introduction. Neonatal and pediatric patients present an 
increased risk of skin injuries due to their immature skin 
barrier and frequent exposure to medical devices. To improve 
prevention, monitoring, and standardization of care, the 
Azienda USL Toscana Centro (AUTC), one of the largest 
healthcare organizations in Italy, implemented a corporate 
pediatric wound care model supported by a multidisciplinary 
working group.
Methods. This descriptive retrospective observational study 
was conducted within an institutional Quality Improvement 
framework. Aggregated anonymized data were collected 
annually from 2021 to 2024 across Neonatal Intensive Care 
Units (NICUs), Neonatology units, and Pediatric wards. Nurse 
representatives, coordinated by a pediatric wound care 
specialist from the corporate Wound Care Team, reviewed 
medical records to identify pressure injuries (PIs), medical 
device-related pressure injuries (MDRPIs), and incontinence-
associated dermatitis (IAD). Total admissions and injury 
frequencies were reported for each setting.
Results. Over the four-year period, 12,818 admissions were 
recorded (mean 3,204.5 per year). The mean incidence of 
PIs was 0.47%, while IAD incidence averaged 5.13%, with 
higher rates observed in NICUs. Between 2021 and 2024, 149 
healthcare professionals (nurses, physicians, and midwives) 
completed seven editions of a dedicated pediatric wound care 
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training program. The pediatric wound care working group 
expanded from 6 to 9 nurses and 1 physician, meeting quarterly 
to review surveillance data, discuss clinical challenges, and 
update procedures. In 2024, the corporate procedure for 
the prevention and treatment of neonatal and pediatric skin 
injuries was revised, and an inter-organizational pathway 
for the management of minor pediatric burns was jointly 
developed with Meyer IRCCS Children’s Hospital.
Discussion and conclusions. The corporate wound care 
model supported consistent monitoring, widespread 
training, and standardized preventive practices across AUTC. 
The very low incidence of PIs and the stable burden of IAD 
indicate positive organizational impact, highlighting the 
value of sustained multidisciplinary engagement in pediatric 
skin injury prevention.

Keyword: Pediatric Skin Injuries, Quality Improvement, 
Pressure Injuries, Incontinence-Associated Dermatitis, 
Neonatal Intensive Care Units

Introduction

Skin injuries in neonatal and pediatric care 
represent a significant clinical challenge, as the 
skin of patients in developmental age exhibits 
anatomical and physiological characteristics 
that increase its vulnerability. In newborns, 
the stratum corneum is thinner and composed 
of fewer cellular layers, resulting in greater 
permeability and a higher risk of infection. 
The neutral pH, weak dermo-epidermal 
junctions, and reduced cellular cohesion further 
predispose infants to friction injuries and 
skin stripping. Additionally, conditions such 
as hypoalbuminemia and immature vascular 
structures significantly increase the risk of 
developing pressure injuries.1,2

International literature confirms that 
the prevalence of pressure injuries (PIs), 
incontinence-associated dermatitis (IAD), 
and medical device–related pressure injuries 
(MDRPIs) in the pediatric population is substantial 
and displays epidemiological characteristics that 
differ from those of adults. A recent systematic 
review and meta-analysis reported an overall PIs 
prevalence of 7.8% and a cumulative incidence 
of 3.9%, corresponding to an incidence rate 
of 8.2 per 1000 patient-days. For MDRPIs, the 
reported prevalence was 7% and the cumulative 
incidence 5%, with an incidence rate of 6.7 per 
1000 patient-days. The most commonly affected 
anatomical sites included the face (29.1%), ankle/

foot (20.1%), and head (15.7%), while the devices 
most frequently associated with these injuries 
were external monitoring devices, respiratory 
devices, and fixation/support systems.3

In light of this evidence, the management of 
skin injuries in patients of developmental age 
requires dedicated approaches focused not 
only on treatment, but also on prevention. Such 
approaches must account for increased skin 
fragility, limited tissue reserves, and the need 
to ensure the highest possible safety for this 
vulnerable population.4,5

The Azienda USL Toscana Centro (AUTC), 
one of the largest and most complex healthcare 
organizations in Italy, offers an ideal context for 
implementing a structured model for prevention 
and monitoring of pediatric skin injuries. The 
organization includes 13 hospitals, 6 maternity 
wards, 2 level II Neonatal Intensive Care Units 
(NICUs), 6 Neonatal Pathology Units, and 5 pediatric 
wards, for a total of over 2,900 annual admissions.6

In 2017, AUTC introduced a corporate 
procedure for the prevention and treatment of 
pediatric and neonatal skin injuries, developed 
according to the best available evidence and 
regional recommendations. The implementation 
of this procedure requires adequately trained 
professionals, consistent monitoring, and 
regularly updated operational tools. For 
this reason, a corporate working group was 
established, composed of nurses representing all 
neonatal and pediatric units and coordinated by 
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a member of the Wound Care Team with specific 
expertise in pediatric wound care.7

Over the years, this group has strengthened an 
organizational network aimed at standardizing 
care pathways, promoting continuous staff 
education, monitoring the incidence of PIs, 
MDRPIs, and IAD, and updating corporate 
procedures in line with emerging evidence. The 
group’s activities have also fostered increasing 
synergy with Meyer Children’s Hospital IRCCS, 
resulting in the development of a shared care 
pathway for the management of minor pediatric 
burns.8

Within this context, the present study aims 
to describe the incidence and temporal trends 
of PIs, MDRPIs, and IAD in the pediatric and 
neonatal units of AUTC from 2021 to 2024, 
through the analysis of aggregated data derived 
from routine corporate monitoring. Secondary 
objectives include assessing adherence to the 
corporate procedure, evaluating the impact 
of ongoing staff training, and describing the 
organizational development of the pediatric 
wound care working group.

Methods

Study Design
This study adopts a descriptive retrospective 

observational design embedded within a 
broader Quality Improvement (QI) initiative 
aimed at enhancing the prevention, monitoring, 
and management of skin injuries in neonatal 
and pediatric patients across the AUTC. The 
methodological framework is aligned with the 
SQUIRE 2.0 guidelines10 for reporting quality 
improvement initiatives and integrates relevant 
elements from the RECORD extension of the 
STROBE statement11, which is specifically tailored 
for research based on routinely collected data.

The study relies exclusively on aggregated, 
anonymized information derived from 
institutional monitoring processes. No 
individual-level clinical or demographic 
variables were collected, and no tracing of 
patient identities was possible.

Setting
The project was conducted across the 

neonatal and pediatric care settings within 
AUTC, a large and complex regional healthcare 
organization that includes multiple hospitals 
and services. These comprise NICUs, Neonatal 
Pathology Units, and Pediatric Wards distributed 

throughout the territory.
To support the implementation of wound 

care procedures and the monitoring system, 
a Pediatric Wound Care Working Group was 
established in 2020. This group includes at least 
one trained representative nurse from each 
pediatric and neonatal unit, coordinated by a 
member of the corporate Wound Care Team 
(WCT) with specific expertise in pediatric wound 
care. The working group is responsible for 
supervising surveillance processes, promoting 
adherence to the corporate procedure, and 
facilitating continuous education among 
healthcare professionals involved in pediatric 
and neonatal wound care.

Data Sources and Collection Procedures
Data used in this study originated from routine 

institutional monitoring. Every six months, the 
designated nurse representative of each unit 
reviewed the medical records of all discharged 
patients to identify newly developed skin 
injuries, including PIs, MDRPIs, IAD.

These events were documented using a 
standardized reporting form that also included 
the total number of admissions for each 
unit during the same period. All data were 
aggregated at the unit level, ensuring complete 
anonymization. No patient-level variables – such 
as gestational age, comorbidities, or length of 
stay – were collected.

The six-monthly reports were submitted 
to the WCT coordinator, who compiled them 
into an annual dataset and subsequently into 
a consolidated dataset for the four-year study 
period (2021–2024). This dataset included 
aggregated numbers of admissions and the 
corresponding number of PIs, MDRPIs, and IAD 
cases across NICU, Neonatology, and Pediatric 
units. The structure of the dataset allowed for 
the comparison of trends across different care 
settings with varying patient acuity and clinical 
characteristics.

Period of Analysis
The analysis covered the period from January 

1, 2021, to December 31, 2024. During these four 
years, the monitoring system registered a total 
of 12,818 admissions across the neonatal and 
pediatric settings included in this study. All data 
produced during this period were incorporated 
into the final analysis.
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Outcome Measures
The primary outcomes of interest consisted of 

the frequency and proportion of PIs, MDRPIs, 
and IAD observed within each neonatal and 
pediatric care setting, as well as the overall and 
setting-specific temporal trends across the four-
year observation period.

Secondary outcomes included the evaluation 
of Quality Improvement indicators, such as the 
expansion and evolution of the Pediatric Wound 
Care Working Group, participation in corporate 
training activities, and the updates implemented 
in clinical procedures and care pathways during 
the study period.

Data Analysis
Data analysis was entirely descriptive, 

reflecting the aggregated nature of the dataset 
and the QI-oriented purpose of the monitoring 
activity. Annual frequencies and percentages 
were calculated for each type of injury, and 
temporal trends were examined by comparing 
data across the four years of observation. Tables 
and graphical representations were generated 
using Microsoft Excel®, which provided an 
adequate platform for organizing and visualizing 
the aggregated data.

No inferential statistical tests or multivariate 
analyses were performed, as the study design 
and the nature of the available data did not allow 
for hypothesis testing or analytical modeling.

Data Quality and Limitations
Several limitations are intrinsic to institutional 

monitoring systems based on routinely collected 
data. Differences in documentation practices 
across hospitals, inconsistencies in form 
completion, and variability in medical record 
archiving may introduce discrepancies or 
missing data. These issues may influence the 
completeness or precision of the aggregated 
dataset. Nevertheless, these limitations do 
not compromise the descriptive intent of the 
study, which is primarily focused on identifying 
organizational trends and monitoring the 
evolution of wound care practices over time.

Ethical Considerations
Ethical approval was not required for this 

study. The project was conducted as part of an 
institutional Quality Improvement (QI) initiative 
aimed at monitoring and enhancing the 
prevention and management of pediatric and 
neonatal skin injuries within the AUTC. The data 
analyzed were fully anonymized and aggregated 

at the unit level, without any direct or indirect 
identifiers that could allow the identification of 
individual patients.

The use of routinely collected, non-identifiable 
data for organizational monitoring was 
authorized by the AUTC Health Directorate and 
is in accordance with national regulations on QI 
activities. Since no identifiable information was 
processed, individual informed consent was not 
required.

According to the European General Data 
Protection Regulation (EU GDPR 2016/679), 
anonymized data fall outside the scope of data 
protection legislation, as specified in Recital 26, 
which states that the regulation does not apply to 
information that does not relate to an identified 
or identifiable natural person.12

Results

PIs incidence and prevalence
Between 2021 and 2024, a total of 12,818 neonatal 

and pediatric patients were hospitalized across 
AUTC facilities. During this period, the routine 
monitoring system identified 53 cases of pressure 
injuries (including both PIs and MDRPIs) and 575 
cases of incontinence-associated dermatitis (IAD).

When examined by care setting, skin injuries 
were markedly more frequent in the NICU 
compared with Neonatology and Pediatrics. This 
pattern is clinically coherent, as NICU patients 
are predominantly premature or medically 
complex infants with immature skin barrier 
function, higher exposure to medical devices, 
and typically longer hospital stays – all factors 
that increase the risk of both device-related and 
moisture-associated skin damage.

A comprehensive summary of the distribution 
of injuries across the different care settings is 
presented in Figure 1, which reports, year by 
year, the number of PIs, MDRPIs, and IAD cases, 
together with their proportional incidence 
within NICU, Neonatology, and Pediatric wards. 

When these data are considered in aggregate 
over the four-year period, as shown in Figure 
2, a clear pattern emerges, with the NICU 
consistently displaying the highest prevalence 
for all categories of skin injuries.

The temporal behavior of these conditions 
is illustrated in Figure 3, which traces the 
percentage trends of PIs, MDRPIs, and IAD 
between 2021 and 2024, allowing for a visual 
comparison of how their incidence has evolved 
across settings over time.
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Figure 1. Trends in the percentage of pressure injuries (PIs), medical device–related pressure injuries 
(MDRPIs), and incontinence-associated dermatitis (IAD) across NICU, Neonatology, and Pediatric units 
from 2021 to 2024. The figure shows the four-year evolution of skin injury rates in the Azienda USL 
Toscana Centro (AUTC). PI/MDRPI rates remained consistently low (<0.6%) in all settings, with minimal 
annual variation, indicating stable and effective preventive measures. In contrast, IAD prevalence was 
substantially higher—especially in the NICU, where it ranged from ~16% to 22% before declining in 2024. 
Neonatology showed intermediate IAD values, while Pediatric units maintained low rates. The graph 
underscores distinct epidemiological patterns across settings and highlights the greater vulnerability 
of NICU patients due to clinical complexity, device exposure, and longer hospitalization.
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Figure 2. Prevalence of pressure 
injuries (PIs), medical device–related 
pressure injuries (MDRPIs), and 
incontinence-associated dermatitis 
(IAD) across NICU, Neonatal, and 
Pediatric units from 2021 to 2024. 
The figure displays, for each year 
and setting, total hospitalizations 
and the corresponding number and 
percentage of PIs/MDRPIs and IAD. 
PI/MDRPI prevalence remained 
below 0.6% across all settings and 
years, indicating stable and effective 
prevention. IAD prevalence was 
consistently higher, particularly 
in NICUs, with peak rates in 2021–
2023, reflecting the vulnerability of 
premature and critically ill neonates. 
The visualization underscores inter-
setting differences and temporal 
patterns of skin injury within the 
Azienda USL Toscana Centro (AUTC).
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Figure 3. Percentage trend of pressure injuries (PIs), medical device–related pressure injuries 
(MDRPIs), and incontinence-associated dermatitis (IAD) from 2021 to 2024. The figure shows the 
annual percentages of PIs/MDRPIs and IAD across all neonatal and pediatric settings of the AUTC. 
Pressure injuries remained consistently below 1% with minimal year-to-year variation, while IAD 
percentages were higher but fluctuated modestly between ~4.6% and 5.6%. Overall, the trends indicate 
a stable burden of device- and moisture-associated skin injuries, with persistently low PI rates and 
limited variability in IAD.

Staff training
From 2021 to 2024, 149 healthcare 

professionals—including nurses, physicians, and 
midwives—participated in seven editions of the 
corporate training program on pediatric and 
neonatal wound care. The curriculum included 
pediatric risk assessment and related scales, 
characteristics of developing skin, principles of 
wound bed preparation, and the prevention and 
management of PIs, MDRPIs, IAD, burns, and 
traumatic injuries.

This training initiative contributed to 
strengthening the clinical competencies of staff 
members and supported the implementation 
of standardized preventive measures across all 
units.

Evolution of the Pediatric wound care working group
During the study period, the Pediatric Wound 

Care Working Group expanded from six nurses 
to nine nurses and one physician, reflecting an 
increasing institutional commitment to pediatric 

wound care. The group met quarterly to conduct 
training activities, analyze monitoring data, 
discuss challenges, and propose updates to 
clinical pathways and procedures.

One of the key outcomes of this collaborative 
work was the revision of the corporate procedure 
for the prevention and treatment of pediatric 
and neonatal skin injuries, finalized in 2024 and 
aligned with the most recent scientific evidence.

Additionally, a shared care pathway for the 
management of minor pediatric burns was jointly 
developed between AUTC and Meyer Children’s 
Hospital IRCCS. This inter-organizational 
protocol ensures uniform management across 
emergency departments and continuity of care 
between hospital and community services.

Another important initiative was the creation 
of an informational guide on neonatal and 
pediatric skin injuries, distributed to healthcare 
professionals across all units. After an initial 
implementation phase, a staff feedback survey 
was conducted, and the guide was revised 
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accordingly. The updated version is currently in 
use.

Discussion

This four-year descriptive quality improvement 
project, conducted across neonatal and pediatric 
settings within the AUTC, shows consistently low 
rates of PIs, MDRPIs, and a moderate but stable 
burden of IAD. Overall, PI/MDRPI incidence 
remained below 1% in all years and care settings, 
with mean values around 0.5%, whereas IAD 
incidence averaged just above 5%, with higher 
figures observed in NICU and lower in pediatric 
wards.

These findings suggest that a structured 
organizational model, based on a corporate 
pediatric wound care working group, routine 
surveillance of skin injuries, and standardized 
procedures, can support effective prevention 
of device- and pressure-related lesions, while 
highlighting IAD as a persistent challenge 
requiring ongoing attention, especially in highly 
complex neonatal patients.

Our results are best interpreted in the context 
of current epidemiological evidence. The 
prevalence and incidence of pediatric hospital-
acquired pressure injuries reported in the 
literature are substantially higher than those 
observed in AUTC. The systematic review and 
meta-analysis by Şimşek et al. found a pooled 
prevalence of HAPIs of 7.8%, a cumulative 
incidence of 3.9%, and an incidence rate 
of 8.2 per 1000 patient-days, with MDRPIs 
showing similarly relevant rates (prevalence 
7%, incidence 5%, incidence rate 6.7 per 1000 
patient-days).3 

Similarly, recent pediatric studies focusing 
on MDRPIs in tertiary children’s hospitals 
and pediatric intensive care units report non-
negligible rates of medical device-related 
damage, often ranging from 6-27% of children 
exposed to devices, underscoring the magnitude 
of the problem and its close link to complex care, 
prolonged device use, and critical illness.13-16

When compared with these data, the PI/
MDRPI rates observed in our setting appear 
distinctly lower. Several factors may contribute 
to this difference: 1) Case-mix and organizational 
characteristics, because the AUTC network 
includes multiple neonatal and pediatric wards 
but not all highly specialized units (for example, 
long-term pediatric rehabilitation), potentially 
resulting in a lower baseline risk profile than 

in some meta-analyzed cohorts;3 2) Preventive 
focus and early device management, in which the 
corporate procedure emphasizes systematic risk 
assessment, proactive use of protective dressings, 
and regular device repositioning, which are 
known to reduce HAPIs and MDRPIs in pediatric 
populations;16,17 3) Measurement approach: our 
surveillance is based on aggregated, routinely 
collected data rather than prospective daily skin 
assessments, which may under-detect very early 
or minimal lesions.13,18 This methodological 
aspect may partly contribute to lower observed 
rates.19

In contrast, IAD emerged as a more frequent 
condition, especially in NICU, aligning with 
recent evidence that moisture-associated 
skin damage and diaper dermatitis are highly 
prevalent in hospitalized neonates. Balaguer-
López et al. reported a cumulative incidence of 
IAD of around 30-35% and an incidence rate of 
roughly 2-3 cases per 100 neonatal patient-days in 
Spanish neonatal units. Similar work in pediatric 
settings confirms that IAD represents the most 
common subtype of MASD, often exceeding 
other forms such as peristomal or periwound 
MASD.20,21 

Although our IAD incidence appears lower 
than the highest rates reported internationally, 
particularly in high-risk neonatal cohorts, the 
consistent presence of IAD across years and 
settings confirms that moisture-related damage 
remains a critical area for prevention. This is 
especially relevant in premature and medically 
complex infants, in whom immature skin 
barrier function, frequent stooling, and the 
use of diapers and perianal devices combine to 
increase MASD risk.20,21

Overall, the comparison with the literature 
suggests that the organizational model 
implemented in AUTC may be particularly 
effective in controlling PIs and MDRPIs, while 
IAD continues to represent a more pervasive and 
multifactorial challenge that is less amenable to 
complete elimination, even in the presence of 
robust preventive policies.3,19,22

A key feature of this project is the corporate 
Pediatric Wound Care Working Group, which 
connects all neonatal and pediatric units and 
is coordinated by a member of the Wound 
Care Team with specific pediatric expertise. 
Over the study period, this group expanded 
from six to nine nurse representatives and one 
physician, and it oversaw the implementation of 
surveillance, the interpretation of data, and the 
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iterative updating of procedures.23 
In parallel, 149 healthcare professionals 

(nurses, physicians, and midwives) attended 
seven editions of a dedicated training program 
on neonatal and pediatric wound care. The 
curriculum covered risk assessment, skin 
development, wound bed preparation, and the 
prevention and management of PIs, MDRPIs, 
IAD, burns, and traumatic injuries. This 
widespread educational effort likely contributed 
to the uniform adoption of preventive measures 
and consistent documentation practices across 
the different hospitals.24

The project also had important inter-
organizational implications, fostering synergy 
between AUTC and Meyer Children’s Hospital 
IRCCS. The development of a shared care pathway 
for the management of minor pediatric burns, 
and the dissemination of an informational guide 
on neonatal and pediatric skin injuries, further 
highlight how corporate-level initiatives can 
translate monitoring data into concrete changes 
in clinical pathways and tools. 

These elements are fully consistent with 
current recommendations for quality 
improvement activities, which emphasize the 
integration of data monitoring, interprofessional 
collaboration, and continuous education as 
essential drivers of sustained improvement in 
patient safety and skin integrity. 

Study limitations
This study has several limitations that 

should be considered when interpreting the 
findings. First, it relies on aggregated, routinely 
collected data, without access to patient-level 
variables such as gestational age, comorbidities, 
nutritional status, ventilation type, or length of 
stay. This prevents adjustment for case-mix and 
does not allow for an analysis of risk factors or 
confounding variables. 

Second, documentation practices and medical 
record archiving differ among hospitals 
within the AUTC network. Despite the use of 
standardized reporting forms, variability in 
completeness and accuracy of records may have 
led to underreporting or misclassification of 
certain events. This is an intrinsic limitation of 
institutional monitoring systems that do not rely 
on prospective, continuous bedside assessments.

Third, the absence of detailed information 
on patient-days of exposure for each setting 
precluded the calculation of incidence density 
rates (for example, per 1000 patient-days), which 

are commonly used in epidemiological studies 
and meta-analyses of pediatric pressure injuries 
and MASD. 

Finally, given the focus on hospitalized patients 
in NICU, Neonatology, and Pediatrics, the 
study does not capture injuries that may occur 
in short-stay observation units, emergency 
departments, or community settings, potentially 
underestimating the full burden of skin injuries 
across the continuum of care.

Future perspectives
Building on the experience gained during 

this four-year period, several avenues for 
further development can be identified. At the 
organizational level, the consolidation of a 
multidisciplinary corporate team involving 
nurses, physicians, and midwives may strengthen 
leadership, facilitate clinical decision-making, 
and promote shared accountability for outcomes 
related to skin integrity.

From a monitoring perspective, extending 
the surveillance system to short-stay units, 
emergency departments, and community 
settings would provide a more comprehensive 
view of the epidemiology of pediatric skin 
injuries and allow early identification of high-
risk pathways, such as the transition from 
hospital to home care.

Future initiatives could also include: the 
development and validation of setting-
specific risk assessment tools for neonatal and 
pediatric populations, particularly in NICU; 
the integration of more granular data (for 
example, device types, duration of exposure, 
diapering practices, skin care products) to better 
understand determinants of IAD and MASD; 
the design of intervention studies evaluating 
the impact of specific preventive strategies (for 
example, barrier products, advanced dressings, 
care bundles) on PI, MDRPI, and IAD rates in 
this population.

Conclusions

In summary, this quality improvement initiative 
demonstrates that a corporate pediatric wound 
care model, grounded in routine monitoring, 
standardized procedures, and ongoing staff 
education, can maintain very low rates of 
pressure injuries and MDRPIs while managing a 
persistent but stable burden of IAD, particularly 
in high-risk neonatal settings.

The establishment and progressive 
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strengthening of a pediatric wound care network 
across AUTC – and its collaboration with a 
specialized children’s hospital – illustrate how 
organizational strategies can translate evidence 
into practice and foster a culture of prevention. 
Future work should focus on refining surveillance 
systems, expanding multidisciplinary 
engagement, and testing targeted interventions 
to further reduce the burden of pediatric skin 
injuries and ensure safe, equitable care for 
all neonatal and pediatric patients within the 
network.
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