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ARTICLE INFO ABSTRACT

Article history: Objective: Determine the incidence and risk factors for pressure ulcers in a paediatric intensive care unit.
Recélved 29 January 2019 Use the information gathered to develop preventive pressure ulcer care bundles.

Revised 10 April 2019 Research methodology: Prospective cohort study using Braden Q Scale for Predicting Pressure Sore Risk

Accepted 18 April 2019 and European Pressure Ulcer Advisory Panel Pressure Ulcer Staging tool.

Setting: General paediatric intensive care unit in a tertiary level hospital between May and October 2017.
Results: Seventy-seven children were recruited. Most children were male (n = 42, 54.5%) and all nine chil-
dren (11.7%) that developed a pressure ulcer were male. The main risk factor for developing a pressure
Paediatric intensive care unit ulcer was lack of physical activity. None of the children assessed as high or severe risk developed a pres-
Pressure ulcer sure ulcer. Eight (89%) pressure ulcers were assessed as grade one. Seven pressure ulcers (77.8%) were on
Skin care the facial and scalp area and all seven children were receiving airway support at the time the pressure
ulcers developed.
Conclusion: Incidence of pressure ulcers was 11.7%, with the facial and scalp area the most common
anatomical areas affected. Medical devices appeared to be the prime causative factor. Based on our data
we have modified and launched the SSKIN care bundle for the paediatric intensive care unit setting.
© 2019 Elsevier Ltd. All rights reserved.
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Implications for clinical practice

o Children are a separate population to adults. The identification of risk factors for pressure ulcers in paediatric settings is needed to
develop and implement effective care bundles for this cohort of patients.

e For critically unwell children pressure ulcers are most likely to appear on the facial and scalp area while airway support is being
provided, these are commonly termed medical device related injuries.

e Knowledge about risk factors for the development of pressure ulcers in paediatric intensive care units will contribute to optimising
patient care provided by members of the health care team.
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Introduction

A pressure ulcer (PU) is a defined as “localised injury to the skin
and/or underlying tissue usually over a bony prominence, as a result
of pressure, or pressure in combination with shear” (Baharestani and
Ratliff, 2007). A person’s risk of developing a PU depends on their
tissue integrity and how well they respond to external pressure
and shear forces (Becker et al., 2017, de Almeida Medeiros et al.,
2018; Visscher et al., 2013). Given the often poor medical condition
of children admitted to intensive care units, these individuals are at
risk of develop a PU (Razmus, 2018; Razmus and Bergquist-
Beringer, 2017). Indeed, the National Pressure Ulcer Advisory Panel
reports that children who are admitted and cared for in a paediatric
intensive care unit (PICU) are at greater risk of developing PUs to
their peers who are not admitted to PICU (Baharestani and Ratliff,
2007).

The implications associated with the development of PUs
include morbidity, increased length of stay, infection and a nega-
tive impact on a patient’s quality of life. A review published in
2017 estimated that the cost of PUs to the healthcare systems in
United States and the United Kingdom was in excess of $15 and
£2 billion (Dealey et al., 2012; Ocampo et al., 2017), respectively.

Given the consequences of PUs for both patients and the health
service the first joint improvement collaboration project to take
place in Ireland aimed to reduce the incidence of hospital-
acquired PUs to zero (Health Service Executive, 2016). This joint
collaboration, between the Quality Improvement Division in the
Health Service Executive (which is responsible for the provision
of public health care) and the Royal College of Physicians Ireland,
was launched in February 2014 and involved 21 healthcare set-
tings, but did not include a paediatric centre or hospital (Flynn,
2014). Since the launch of the ‘Pressure Ulcers to Zero’ initiative
the Health Service Executive (HSE) has published additional
reviews and guidelines on PU care. However, the most recent
review on PUs, published in 2018, is for adult patients and does
not include the paediatric population in detail (Health Service
Executive, 2018a). The HSE's ‘Wound Management Guidelines
2018’ (Health Service Executive, 2018b) only contains three evi-
dence statements with recommendations on caring for a child
with, or at risk of developing, a PU. This is the first national guide-
line in Ireland to mention the paediatric population in terms of PU
care. However, the current rate of PUs in the Irish paediatric
healthcare settings is unknown.

Given the need for individualised care and the increased likeli-
hood of a PU developing in a PICU setting it is important that risk
factors associated with PU are identified. This will assist in the
development and implementation of both preventative and treat-
ment guidelines for pressure ulcers in the PICU, to assist all staff
in optimising patient care specific to the paediatric population.

Objectives

The primary objective of this study was to determine PU inci-
dence and risk factors associated with the development of PU in
the General PICU. Secondary objective was to use the information
gathered to inform care bundles for PU prevention within the PICU
setting.

Methods
Setting
This prospective cohort study was undertaken in a general PICU

in the largest tertiary-level paediatric hospital in Children’s Health
Ireland, Crumlin. The general PICU has 15 beds and accepts chil-

dren from birth, independent of birthweight, or gestational age at
delivery.

Ethics

Ethical approval was awarded by the Ethics (Medical Research)
Committee Office for Children’s Health Ireland, Crumlin
(Reference: GEN/558/17). As all children were already assessed
for pressure ulcers and the study was using a different tool to
collect this information (alongside standard documentation) and
no intervention was applied in the study, the Ethics (Medical
Research) Committee Office granted a waiver for seeking parental
consent and child assent.

Participants

We used convenience sampling to enrol children who were
admitted between 11th May 2017 up to, and including, 11th
September 2017. No exclusion criteria was applied. Enrolment in
the study stopped on the 12th September 2017, but the follow-
up period continued until 30th September 2017. This was to ensure
that participants who were enrolled in the study were followed-up
until they were discharged from the PICU, or developed a PU
(whichever occurred first).

Data collection

For three weeks before the start of the study all nursing staff
were required to attend a study training session. Study champions
(nursing staff with an interest in skin care) were also available
throughout the study period to assist their colleagues with data
collection.

All children had their risk for developing a PUs assessed, during
each shift by the bedside nurse and another PICU nurse (indepen-
dent of each other), using the Braden Q Scale for Predicting Paedi-
atric Pressure Ulcer Risk (Bergstrom and Braden, 2002; Noonan
et al., 2011; Vocci et al., 2018). The Braden Q Scale is a widely used
in paediatric settings and is a validated tool that screens a child’s
chances of developing a PU based on seven risk factors included
in the tool. These seven risk factors are divided into intensity and
duration of pressure and tolerance of the skin and supporting
structures. The risk factors included in the Braden Q Scale are
mobility, activity, sensory perception, moisture, friction-shear,
nutrition and tissue perfusion and oxygen. Each risk factor is
awarded a score of one to four and the total score ranges from 7
to 28, with a lower score indicating a higher risk of PU develop-
ment. A total score of <9 indicates a severe risk of developing a
PU, a score of 10-12 indicates high risk, a score of 13-15 indicates
moderate risk and a score of 16-23 indicates mild risk. As the tool
does not have a corresponding risk category for scores <24, we
classified this as low risk of developing a PU.

Once a PU was identified it was graded by the bedside nurse and
another PICU nurse (independent of each other), using the Euro-
pean Pressure Ulcer Advisory Panel (EPUAP) Pressure Ulcer Staging
tool (European Pressure Ulcer Advisory Panel and National
Pressure Ulcer Advisory Panel, 2009). As the primary objective of
this study was to determine the incidence and risk factors associ-
ated with the development of PU in the General PICU the child
was no longer involved in the study once a PU developed or they
were discharged from the PICU (whichever occurred first).

If divergence occurred in the risk assessment of the Braden Q
Scale it was first assessed if the contrasting risk assessment
resulted in a different overall score and which risk group the child
was assigned to. If the divergence did not change the child’s risk
group the assessment done by the bed-side nurse was used in
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the analysis. If the divergence did change the child’s risk group the
assessment was considered a missing data point.

Since July 2012 all healthcare records in the PICU have been
electronic based. We extracted the required data pertaining to
the characteristics about the study population, nursing care and
what interventions were provided, from the healthcare record.
All data was entered, and pseudonymised, into Microsoft Excel
2013 and then transferred to IBM SPSS version 24 for coding and
analysis.

Data analysis

Categorical variables are presented as numbers and percentages
and were analysed using the Chi-Square Test. Continuous data are
showed as medians with their interquartile (IQR). Mood’s median
test was used to test for differences in the medians between those
that did and did not develop a PU. The Spearman’s Correlation Co-
Efficient measured the strength and direction of association
between continuous variables. The statistical significance value
was set at p < 0.05.

Results
Demographics

Over the four month enrolment period 77 children were
entered in the study and 560 Braden Q Scale assessments were
completed. Over half (n=42, 54.5%) of children were male and
the biggest age group was children under one year of age (n=37,
48.1%). Five children were admitted twice to the PICU during the
study period and are therefore included twice in the study. The
median (IQR) duration of PICU was 6 (4-10.50) days. The majority
(n=56; 73.7%) of parents identified their children’s ethnic group as
white Irish, followed by white other (n=6; 7.9%). Most children
were admitted for medical reasons (n =59, 77.6%). The most com-
mon medical reasons for admission were respiratory (n=18/59,
30.5%) and oncology (n = 8/59; 13.6%). The remaining 17 (22.4%)
children were admitted post-surgery, primarily for gastroenterol-
ogy management, for example due to volvulus and duodenal atre-
sia. The median (IQR) percentage score for Paediatric Index of
Mortality 3, across the whole cohort, was 2.50% (1.20% to 4.90%).

The majority (n = 54, 70.1%) of children were invasively ventilated
and 20 (26.0%) received non-invasive ventilation support, Table 1.

At point of admission most children were assessed as being at
mild (n =43, 55.8%), or moderate (n =17, 22.1%), risk of developing
a PU. For all admissions the degree of physical activity was the
most common risk factor, with a median (IQR) score of 1 (1-2)
for all children. Skin exposure to moisture was the least common
risk factor, with a median (IQR) score for all children of 4 (3-4).

We did compare the Braden Q Scale completed by the bed-side
nurse to the second nurse to assess if all children were awarded the
same score for each risk factor and if the total score was the same.
Differences of scoring was noted but this was mainly one nurse
scoring a two and the other nurse scoring a three. The final overall
score did not change the child’s risk category (severe, high, moder-
ate, mild and low) of developing a PU.

Pressure ulcer incidence

One child was admitted with a grade 3 PU and no deterioration
occurred while in the PICU. Nine (11.7%) children, all male, devel-
oped a PU while in the PICU. Four (44.4%) of all PUs occurred in
children under one year of age. All but one PU was a grade 1. Seven
(77.8%) PUs were on the facial and scalp area and all seven children
required airway support.

Risk factors for pressure ulcer development

Children that developed a PU were in the PICU for a median
(IQR) of 3 (1-5) days prior to the PU developing, Table 1. None of
the children who developed a PU were assessed as being at a high,
or severe risk, of PU development. The total median (IQR) Braden Q
Scale score, on admission, was lower for children who developed a
PU, compared to those who did not develop a PU (15.00 (12.50-
18.00) versus 18.00 (15.00-22.00), p = 0.21, respectively).

In stratifying the risk factors by PU (yes/no), the most common
risk factor for developing a PU was the child’s degree of physical
activity. The degree to which the skin was exposed to moisture
remained the least common risk factors for developing a PU. The
total median (IQR) nutrition risk score, on admission, was lower
for children who developed a PU, compared to those who did not
develop a PU (1.00 (1.00-2.00) versus 3.00 (2.00-3.00), p = 0.008,
respectively) Table 2.

Table 1
Study characteristics.

All Developed PU Did not develop PU P-Value
N=77 N=9 N =68

Gender: Male 42 (54.5%) 9 (100%) 33 (48.5%) 0.004

Age (months) 14.40 31.17 13.33 1.00
(0.25, 87.77) (0.63, 142.27) (0.23, 99.57)

Paediatric Index of Mortality 3 (%) 2.50% 2.35% 2.53% 1.00
(1.20%, 4.90%) (1.62%, 3.56%) (0.83%, 5.37%)

Age: Neonate 24 (31.2%) 2 (22.2%) 22 (28.6%) 0.95

Age: Infant 13 (16.9%) 2 (22.2%) 11 (16.2%)

Age: 1-5 years 16 (20.8%) 2 (22.2%) 14 (20.6%)

Age: 6-10 years 10 (13.0%) 1(11.1%) 9 (13.2%)

Age: 11-15 years 11 (14.3%) 2 (22.2%) 9 (13.2%)

Age: >16 years 2 (2.6%) 0 (0%) 2 (2.9%)

Low risk of developing PU 8 (10.4%) 0 (0%) 8 (11.8%) 0.44

Mild risk of developing PU 43 (55.8%) 4 (44.4%) 39 (57.4%)

Moderate risk of developing PU 17 (22.1%) 3(33.3%) 14 (20.6%)

High risk of developing PU 6 (7.8%) 2 (22.2%) 4 (5.9%)

Severe risk of developing PU 1(1.3%) 0 (0%) 1(1.5%)

Invasive airway support: Yes 54 (70.1%) 6 (66.7%) 48 (70.6%) 0.76

Non-invasive airway support: Yes 20 (26.0%) 5 (55.6%) 15 (22.0%) 0.03

Duration (days) of stay in the PICU 6 (4, 10) 7 (5, 31) 6 (3, 10) 0.74

Data is reported as median (IQR) for continuous variables and n(%) for categorical variables.
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Table 2
Braden Q Scale, by risk factor, on admission.
All Developed PU Did not develop PU P-Value
N=77 N=9 N=68
Total Score 17.00 15.00 18.00 0.21
(15.00, 21.25) (1250, 18.00) (15.00, 22.00)
Mobility 2.00 2.00 2.00 0.26
(1.00, 2.00) (1.00, 2.00) (2.00, 3.00)
Activity 1.00 1.00 1.00 0.05
(1.00, 2.00) (1.00, 1.00) (1.00, 3.25)
Sensory Perception 2.00 2.00 2.00 0.45
(2.00, 3.00) (2.00, 2.50) (2.00, 3.00)
Moisture 4.00 4.00 4.00 N/A
(3.00, 4.00) (3.00, 4.00) (3.00, 4.00)
Friction - Shear 2.00 2.00 2.00 0.90
(2.00, 4.00) (2.00, 3.50) (2.00, 4.00)
Nutrition 2.00 1.00 3.00 0.008
(1.00, 3.00) (1.00, 2.00) (2.00, 3.00)
Tissue Perfusion and Oxygenation 3.00 3.00 3.00 0.78
(2.00, 4.00) (2.00, 4.00) (2.00, 4.00)
Data is reported as median (IQR) for continuous variables.
We al lored th lation b h risk . q  Table3
ea SO‘ explored the cgrre ation .et\./veen each risk factor an Modified SSKIN care bundle.
the total risk score. Mobility and friction-shear showed a very
r=0.72, Step Processes to action step

strong positive relationship (r=0.78, p=<0.001;
p =<0.001, respectively). Moisture showed a weak positive rela-
tionship (r = 0.27, p = 0.02). Overall, given the anatomical location
of the PUs that developed, in addition to a review of the medical
charts, it is suggested that medical devices may be the prime cau-
sative factor for PU in this PICU.

Discussion:

This study has demonstrated the need for paediatric specific
care bundles. The facial and scalp area were most susceptible to
PU and this has been reported in other studies (Barakat-Johnson
et al., 2017; Kayser et al., 2018; Visscher et al., 2016). Each PU
has the ability leave a permeant scar and given that most children
experienced a PU on their facial and scalp area this could poten-
tially result in negative body image and low self-esteem as they
grow older (Hogeling et al., 2012; Pascall et al., 2015). As with
other studies we also found that medical devices appeared to be
a causative factor for PUs occurring (Barakat-Johnson et al., 2017;
Kayser et al., 2018; Levy et al., 2017). This finding highlights the
need to ensure that skin areas that are visual obscured by medical
devices are still observed. Preventive and care management of PUs
need to be place for the total surface area of the body. In compar-
ison to the adult population (Bredesen et al., 2015; Kasikci et al.,
2018) the younger the age, the higher the risk of developing a PU
in the PICU. The PICU population is experiencing a raise in the
number, and the severity, of chronic conditions which require
more interventions with an increased length of stay (O’Brien
et al., 2017; Plunkett and Parslow, 2016; Razmus, 2018). This is ele-
vating the risk of PUs developing for this vulnerable population.
Therefore, there is a need to be proactive in developing effective
preventive strategies that will reduce their likelihood of develop-
ing a PU.

Given the findings of this study, and that the Braden Q Scale
does not account for medical devices, it was felt that the Braden
Q Scale could not be recommended for use in the PICU. In 2018
the findings from a multicentre study to develop and validity the
Braden QD Scale were published. The Braden QD Scale (Curley
et al., 2018) was reviewed against the data collected we collected,
and the Nursing Practice Development Unit has approved the Bra-
den QD Scale for use in the PICU. The Braden QD Scale will be
included in the PU audit planned for February 2019.

Surface e Appropriate mattress size for patient

e Mattress is functioning (i.e. no tears, inflated)
o Assessed the need for all adhesives being used
e Assess skin & all pressure point

e Assess skin tolerance test when indicated
e Check: Facial area including ears

Check: Scalp (front and back)

Check: Shoulder blades

Check: Elbows

Check: Spine

Check: Sacrum

Check: Heels

Check: Toes

Rotate medical device

Protect skin under each device

Patient dry and clean

Use of appropriate skin barriers

Optimise nutritional status

Referred to Consultant

Referred to Registrar

Referred to Plastic Team

Referred to Shift Leader

Referred to Others

None required

Skin Inspection

Keep Moving
Incontinence

Nutrition
Action Taken

The data were also re-evaluated to develop a care bundle for the
prevention of PU in the PICU. This was undertaken in conjunction
with reviewing current care bundles. The SSKIN (Surface; Skin
Inspection; Keep Moving; Incontinence; Nutrition) care bundle
appeared to be the most popular (Gibbons et al., 2006). However,
the most vulnerable pressure points (as listed by the SSKIN care
bundle) did not include the facial and scalp area. Based on our
review it was decided to modify the SSKIN Care Bundle to make
it applicable to the paediatric population, see Table 3. In modifying
the SSKIN Care Bundle the following points were taken into
consideration. Nearly half the PU population were under one year
of age and this sub-group of children are dependent on the nursing
staff for mobility. Therefore, both the use and correct management
of pressure redistributing devices was incorporated into the bun-
dle. Furthermore, not all skin adhesives that were in use could be
clinically justified. As adhesives can leave the skin vulnerable to
PUs nursing staff are now required to ensure that there is no exces-
sive use of adhesives.

Nearly all PUs were graded as one. In comparing the healthcare
records to the EPUAP Pressure Ulcer Staging data there was some
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conflict as to whether the area was a grade one PU, or a red area of
skin. Therefore, the skin tolerance test was included in the SSKIN
care bundle to enable staff to differentiation between red areas
of skin and grade one PUs. Each vulnerable pressure point was
required to be checked and the facial area including ears and the
scalp (front and back) was included. The use of medical devices
and the care of the skin around and under these devices was
included under the ‘keep moving’ element of SSKIN. Staff are also
required to state what action was needed once they had completed
the SSKIN care bundle. The modified SSKIN care bundle was
launched in July 2018 and now forms part of nursing documenta-
tion in the PICU. The effectiveness of any preventive approach in
nursing care is partly reliant on how the care bundle is delivered
by nurses at the bedside. Compliance with the SSKIN care bundle
is to form part of weekly Risky Huddle Audits. This will provide
the PICU with the opportunity to identify any difficulties nursing
staff may be having in completing SSKIN care bundle and respond
with a proactive approach. A full audit of nursing skin care prac-
tices and PU rates will be undertaken six months post-
implementation of the SSKIN care bundle (February 2019) to pro-
vide an evaluation of the SSKIN care bundle.

Limitations

There are limitations to our study. This was a single-centre
study and did not include any cardiac patients. Our overall sample
size was less than 100 children and only nine developed a PU. It
should be noted that small sample sizes can limit the ability to val-
idate risk factors, given that the rule of thumb suggests that 10 PUs
are required for each risk factor (Steyerberg et al., 2001). Most
pressure ulcers were graded as stage one and therefore our find-
ings may not be applicable to PUs graded two or higher.

Conclusion

PICU patients have different risk factors for developing a PU
compared to the adult population. Most PUs developed on the
facial and scalp area and this is not represented in skin care bun-
dles for the prevention of PU. For care bundles to be effective that
must accurately identify a patient’s risk and where they need addi-
tional support. Our study design can be easily implemented in

other PICUs and our findings are generalizable to other PICUs
and critical care settings that accept children.

Funding source

None.

Acknowledgement

To all the nurses in the Paediatric Intensive Care Unit in Chil-
dren’s Health Ireland, Crumlin for their support.

Conflict of interest

None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.iccn.2019.04.008.

References

Baharestani, M.M., Ratliff, C.R., 2007. Pressure ulcers in neonates and children: an
NPUAP white paper. Adv. Skin Wound Care 208, 208. 10, 12, 14, 16, 18-20.
Barakat-Johnson, M., Barnett, C., Wand, T., White, K., 2017. Medical device-related
pressure injuries: an exploratory descriptive study in an acute tertiary hospital

in Australia. J. Tissue Viability 26, 246-253.

Becker, D., Tozo Tatiane, C., Batista, S.S., Mattos, A.L, Silva, M.C.B., Rigon, S., Laynes,
R.L., Salomao, E.C., Hubner, K.D.G., Sorbara, S.G.B., Duarte, P.A.D., cker et al.
2017. Pressure wulcers in ICU patients: incidence and clinical and
epidemiological features: a multicenter study in southern Brazil. Intens. Crit.
Care Nurs. 42, 55-61.

Bergstrom, N., Braden, B.B.J., 2002. Predictive validity of the braden scale among
black and white subjects. Nurs. Res. 51, 398-403.

Bredesen, LM., Bjoro, K., Gunningberg, L., Hofoss, D., 2015. The prevalence,
prevention and multilevel variance of pressure ulcers in Norwegian hospitals:
a cross-sectional study. Int. J. Nurs. Stud. 52, 149-156.

Curley, M.A.Q., Hasbani, N.R.,, Quigley, S.M., Stellar, J.J., Pasek, T.A., Shelley, S.S.,
Kulik, L.A., Chamblee, T.B., Dilloway, M.A., Caillouette, C.N., McCabe, M.A.,
Wypij, D., 2018. Predicting pressure injury risk in pediatric patients: the braden
QD scale. J. Pediatrics 192, (189-95) e2.

de Almeida Medeiros, A.B., da Concei¢do Dias Fernandes, M.L, de Sa Tinoco, ].D.,
Cossi, M.S., de Oliveira Lopes, M.V., de Carvalho Lira, A.L.B., 2018. Predictors of
pressure ulcer risk in adult intensive care patients: a retrospective case-control
study. Intens. Crit. Care Nurs. 45, 6-10.

Dealey, C., Posnett, J., Walker, A., 2012. The cost of pressure ulcers in the United
Kingdom. J. Wound Care 21, 261-266.

European Pressure Ulcer Advisory Panel and National Pressure Ulcer Advisory
Panel, 2009. Prevention and treatment of pressure ulcers: quick reference guide.
America.

Flynn, M., 2014. Quality & Safety-The ‘pressure ulcers to zero’ collaborative World
of Irish Nursing 22(9):29. https://inmo.ie/tempDocs/Q-S%20NOVpage29nov14.
pdf.

Gibbons, W., Shanks, H.T., Kleinhelter, P., Jones, P., 2006. Eliminating facility-
acquired pressure ulcers at ascension health. Jt. Commiss. J. Qual. Patient Saf.
32, 488-496.

Health Service Executive, 2016. Pressure Ulcers. Health Service Executive, Dublin,
Ireland.

Health Service Executive, 2018a. Pressure Ulcers A Practical Guide for Review.
Health Service Executive, Dublin, Ireland.

Health Service Executive, 2018b. Wound Management Guidelines 2018. Health
Service Executive, Dublin, Ireland.

Hogeling, M., Fardin, S.R., Frieden, 1.]., Wargon, O., 2012. Forehead pressure necrosis
in neonates following continuous positive airway pressure. Pediatr. Dermatol.
29, 45-48.

Kasikci, M., Aksoy, M., Ay, E., 2018. Investigation of the prevalence of pressure ulcers
and patient-related risk factors in hospitals in the province of Erzurum: a cross-
sectional study. ]. Tissue Viability 27, 135-140.

Kayser, S.A., VanGilder, C.A., Ayello, E.A., Lachenbruch, C., 2018. Prevalence and
analysis of medical device-related pressure injuries: results from the
international pressure ulcer prevalence survey. Adv. Skin Wound Care 31,
276-285.

Levy, A., Kopplin, K. Gefen, A., 2017. Device-related pressure ulcers from a
biomechanical perspective. ]. Tissue Viability 26, 57-68.

Noonan, C., Quigley, S., Curley, M.A.Q., 2011. Using the braden Q scale to predict
pressure ulcer risk in pediatric patients. J. Pediatr. Nurs. 26, 566-575.

O’Brien, S., Nadel, S., Almossawi, O., Inwald, D.P., 2017. The impact of chronic health
conditions on length of stay and mortality in a general PICU. Pediatr. Crit. Care
Med. 18, 1-7.

Ocampo, W., Cheung, A., Baylis, B., Clayden, N., Conly, J.M., Ghali, W.A., Ho, CH.,
Kaufman, J., Stelfox, H.T., Hogan, D.B., 2017. Economic evaluations of strategies
to prevent hospital-acquired pressure injuries. Adv. Skin Wound Care 30, 319-
333.

Pascall, E., Trehane, S.-]., Georgiou, A., Cook, T.M., 2015. Litigation associated with
intensive care unit treatment in England: an analysis of NHSLA data 1995-2012.
Brit. ]. Anaesthesia 115, 601-607.

Plunkett, A., Parslow, R.C., 2016. Is it taking longer to die in paediatric intensive care
in England and Wales? Arch. Dis. Child. 101, 798-802.

Razmus, [, 2018. Factors associated with pediatric hospital-acquired pressure
injuries. J. Wound Ostomy Continence Nurs. 45, 107-116.

Razmus, ., Bergquist-Beringer, S., 2017. Pressure injury prevalence and the rate of
hospital-acquired pressure injury among pediatric patients in acute care. J.
Wound Ostomy Continence Nurs. 44, 110-117.

Steyerberg, E.W., Eijkemans, M.].C., Harrell, F.E., Habbema, J.D.F., 2001. Prognostic
modeling with logistic regression analysis. In search of a sensible strategy in
small data sets. Med. Decis. Making 21, 45-56.

Visscher, M., King, A., Nie, A.M., Schaffer, P., Taylor, T., Pruitt, D., Giaccone, M.].,
Ashby, A., Keswani, S., 2013. A quality-improvement collaborative project to
reduce pressure ulcers in PICUs. Pediatrics 131, 1950-1960.

Visscher, M.O., White, C.C., Jones, J.M., Cahill, T., Jones, D.C., Pan, B.S., 2016. Face
masks for noninvasive ventilation: fit, excess skin hydration, and pressure
ulcers. Respiratory Care 60, 1536-1547.

Vocci, M.C., Fontes, C.M.B., Abbade, L.P.F., 2018. Pressure injury in the pediatric
population: cohort study using the Braden Q scale. Adv. Skin Wound Care 31,
456-461.


https://doi.org/10.1016/j.iccn.2019.04.008
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0005
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0005
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0010
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0010
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0010
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0015
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0015
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0015
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0015
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0015
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0020
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0020
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0025
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0025
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0025
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0030
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0030
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0030
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0030
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0035
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0035
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0035
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0035
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0040
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0040
https://inmo.ie/tempDocs/Q-S%20NOVpage29nov14.pdf
https://inmo.ie/tempDocs/Q-S%20NOVpage29nov14.pdf
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0050
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0050
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0050
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0055
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0055
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0060
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0060
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0065
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0065
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0070
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0070
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0070
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0075
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0075
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0075
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0080
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0080
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0080
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0080
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0085
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0085
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0090
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0090
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0095
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0095
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0095
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0100
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0100
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0100
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0100
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0105
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0105
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0105
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0110
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0110
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0115
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0115
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0120
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0120
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0120
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0125
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0125
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0125
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0130
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0130
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0130
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0135
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0135
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0135
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0140
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0140
http://refhub.elsevier.com/S0964-3397(19)30031-X/h0140

	Cohort study to determine the risk of pressure ulcers and developing a care bundle within a paediatric intensive care unit setting
	Introduction
	Objectives
	Methods
	Setting
	Ethics
	Participants
	Data collection
	Data analysis

	Results
	Demographics
	Pressure ulcer incidence
	Risk factors for pressure ulcer development

	Discussion:
	Limitations
	Conclusion
	Funding source
	ack18
	Acknowledgement
	Conflict of interest
	Appendix A Supplementary data
	References


