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pressure ulcer/injury (PI/PU) care pathways as a result of detecting raised sub-

of the literature, and included original research studies using either a prospec-
tive or retrospective study design that report the impact that assessment using
SEM assessments have on healthcare practitioners' delivery of PI/PU care path-
ways in adults at risk of developing PI/PUs. The review protocol was registered
on PROSPERO (CRD42023416975). A literature search was conducted in May
2023, using PubMed, CINAHL, Scopus, Cochrane, EMBASE, Web of Science
and Science Direct databases. Data were extracted using a data extraction tool
including elements such as country, setting, sample size, intervention, control
and quality appraisal was undertaken using the Evidence-based Librarianship.
We identified nine papers published between 2017 and 2022. The majority of
these studies were conducted in England (n = 6; 67%). The systematic review

included studies conducted across multiple care settings including acute care,
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1 | INTRODUCTION

medical-surgical units, and palliative care, highlighting the importance of
PI/PU prevention and management across diverse patient populations. The
PI/PU care pathways implemented in the studies varied, but commonly
included elements such as the application or increased use of pressure-
redistributing mattresses/cushions, implementation of repositioning plans,
management of incontinence and moisture, regular skin inspection, and
assessment of patient mobility. Out of the nine studies identified, seven
reported PI/PU incidence. A meta-analysis of seven studies (N = 18 451) dem-
onstrated a statistically significant reduction in visual PI/PU development in
favour of SEM-guided care pathways compared to usual care (the odds
ratio = 0.36 [95% confidence interval: 0.24-0.53, p < 0.00001]). This systematic
review provides evidence that implementing SEM assessments in patients at
risk of developing PI/PUs prompts anatomy-specific clinical actions. The sub-
sequent implementation of enhanced and targeted skin care interventions
leads to consistent and sustained reductions in hospital-acquired PU incidence.
The findings emphasise the importance of incorporating SEM assessments as
part of comprehensive PI/PU prevention strategies in all care settings and
patient populations. This systematic review is limited by the predominance of
observational studies and variable study quality. Future research should focus
on randomised trials in different care settings that monitor the efficacy of pre-
ventive interventions and their impact in reducing PI/PU incidence when
implemented based on SEM assessments.

KEYWORDS

pressure ulcer/injury, prevention, sub epidermal moisture, systematic review

Key Messages

« Healthcare providers should consider using sub-epidermal moisture (SEM)
assessment to assess the risk of pressure ulcer/injury (PI/PU) development.

« SEM assessment should be used to inform the development and implemen-
tation of PI/PU care pathways.

« Further research is needed to confirm the efficacy of interventions in SEM
assessment based care pathways for preventing PI/PU in randomised con-
trolled trials.

specified period. It represents the number of new cases
occurring within a specific time period divided by the

Pressure injuries/ulcers (PI/PU) are localised damage to
the skin and/or underlying tissue, as a result of pressure,
or pressure in combination with shear.! In epidemiology,
‘prevalence’ refers to the proportion of individuals in a
population who have a particular condition at a specific
point in time or within a specified period. It represents
the total number of existing cases of the condition
divided by the total population at risk. On the other
hand, ‘incidence’ refers to the rate of new cases of a con-
dition that develop within a defined population over a

population at risk during that time period.> Around the
world, PI/PU prevalence in healthcare settings ranges
from 0%-72.5%, with large variations observed between
different countries and clinical settings." Individuals who
develop PI/PUs often present with compromised mobility
and a reduced tissue tolerance.’

It is widely recognised that early and effective risk
assessment and PI/PU detection are important. Evidence
indicates that decreased mobility*/excess movement™°
and the presence of pressure/shear are central to PI/PU
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formation. As such, the international PI/PU prevention
and management guidelines recommend a structured
risk assessment and comprehensive skin assessment for
each patient.* The most common method of assessing
skin is using visual and tactile skin tissue assessments
(STA), which has been shown to vary greatly in terms of
reliability.”® This means that in practice there is gener-
ally only moderate agreement among healthcare practi-
tioners (HCPs) when assessing the same patient for
evidence of PI/PU development.’** Further, assessment
of early evidence of PI/PUs, before the skin is broken is
even more challenging, particularly among individuals
with dark skin tones.'* This is a real problem for clinical
practice, as STAs are fundamental to determining an
individual's responses to pressure and shear, in addition
to their responses to prevention strategies offered.

Existing risk assessment tools include several direct
and indirect risk factors, all weighted the same, diluting
the importance of immobility as a risk factor. Further,
these assessments are subjective, may depend on HCP
experience, specialised training and more importantly,
lack anatomic specificity. Patients, therefore, may be sub-
jected to interventions that are not effective for the anat-
omy truly at risk. This poses a challenge in clinical
practice in providing timely PI/PU preventive interven-
tions to the right anatomy, more so in high acuity care
settings where a majority of the patients are typically
considered high risk and very high risk based on stan-
dard risk assessment tools.>'® Furthermore, visual skin
assessment, the current diagnostic standard, is unable to
detect damage that is manifesting beneath the skin,
which, if left unnoticed, can progress to irreversible visi-
ble tissue damage.”® Delayed diagnosis and intervention
latency is more severe in patients with dark skin tones.
Considering the burden that PI/PUs and their incidence
places on the patient and the healthcare system objective,
and skin tone agnostic."” Early detection tools and tech-
nologies are needed that can reliably detect the onset of
PI/PU damage."'*'°

Elevated sub-epidermal moisture (SEM) has been
shown to be an indicator of early-stage PI/PU damage
(Byrne et al.,, 2023). Further, when this damage is
detected, HCPs can be directed to specific anatomical
areas of the patient, thus enabling the targeting of
interventions to prevent PI/PU progression (Byrne
et al., 2023). Early PI/PU detection via SEM assess-
ments is performed using the Provizio® SEM Scanner
(Bruin Biometrics, LLC, CA, USA).>%'"'° The Provizio
SEM Scanner is a hand-held, portable device that con-
sists of a single non-invasive sensor that measures bio-
capacitance of the tissue; electrical capacitance of soft
tissue which varies with changes in sub-epidermal
moisture beneath the skin. Increasing SEM values,
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represented by a SEM delta value, is a sign of micro-
scopic oedema caused by pressure-induced cell death
and subsequent inflammation that triggers a continu-
ous damage cycle; the more the pressure, shear or fric-
tion at the bony prominence, the more tissue
degradation will occur resulting in increasing levels of
sub-epidermal moisture or localised oedema at the spe-
cific anatomy.?**! This localised oedema that starts at a
microscopic level is detected by SEM assessments and
is displayed as a SEM delta value on the device—the
mathematical difference between the highest and the
lowest SEM measure across the anatomy of interest. An
SEM delta (A) value of >0.6, when left untreated, is
associated with a higher incidence of visually identifi-
able PI/PUs upon follow-up.>*> SEM assessments differ-
entiate between healthy and inflamed tissue providing
an objective and anatomically specific measure of early
pressure-related damage that is not yet visible to the
naked eye and aids health care practitioners (HCPs) in
providing timely interventions to the right anatomies
developing tissue damage.

The Provizio SEM Scanner is the only FDA-
authorised (Class I) and CE marked (Class IIa) device
indicated for the measurement and early detection of
localised oedema (non-visible developing tissue damage).
Literature and authorised indications for use describe
daily assessments of the sacrum and heels from the point
of admission through to discharge in at-risk adult popula-
tions.*® The device is available for use by HCPs in more
than 28 global markets.

Research has demonstrated consistency in the detec-
tion of changes in SEM and the development of subse-
quent PI/PUs 1week later.” Further, the use of the
Provizio SEM Scanner series (Model 200 and Provizio)
has high inter-rater reliability and accuracy in early
PI/PU detection with equal measurement performance
for both the described models.***® No previous system-
atic review has investigated if identifying elevated SEM
in patients at risk of PI/PU, and correspondingly imple-
menting enhanced skin care interventions, reduces the
incidence of PI/PU when compared to a control group
receiving usual care. Thus, this is the background for the
current systematic review.

2 | RESEARCH QUESTION

The research question explored in this systematic
review was:

Do SEM assessments impact healthcare prac-
titioners' delivery of PI/PU care pathways,
among adults at risk of developing PI/PUs?
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21 | Aim

The aim of this systematic review was to evaluate all pub-
lications which describe changes in clinical decision-
making and in the delivery of PI/PU care pathways as a
result of detecting an abnormally raised SEM delta
(A >0.6). In other, words, what difference does the
detection of an abnormal SEM delta make to clinical care
pathways? The end goal is to answer the ‘so what’ and
‘what next’ after HCPs detect localised oedema via SEM
assessments.

3 | METHODS

3.1 | Design

The design was a systematic review. The author team
followed the standard approach advocated for system-
atic reviews and used the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA
2020) guidelines to guide the conduct and reporting of
the meta-review. The study protocol was pre-
registered with the International Prospective Register
of Systematic Reviews (CRD42023416975). To focus
the review, the components of the PEO were
employed as follows:

1. Population: Adults at risk of developing PI/PUs

2. Exposure: Assessment using SEM measurement and
implementing surface, skin inspection, keep moving,
incontinence/moisture, nutrition (SSKIN) bundle or
other PI/PU prevention interventions based on SEM
assessments. Each component of SSKIN represents a
key aspect of pressure injury prevention. Skin assess-
ment involves regular inspection and care of the skin
to identify any signs of damage or breakdown. Surface
selection emphasises the importance of choosing
appropriate support surfaces to reduce pressure and
friction on vulnerable areas. Keep moving stresses the
need for regular repositioning of patients to alleviate
prolonged pressure on specific body areas. Inconti-
nence management involves maintaining skin integ-
rity by promptly addressing moisture-related issues.
Finally, ensuring adequate nutrition and hydration
supports overall skin health and resilience, further
reducing the risk of pressure injuries

3. Outcome: Primary-changes in the delivery of PI/PU
care pathways. Secondary-PI/PU incidence, SEM
deltas, change in SEM delta scores, nurse experience
and feedback on the use of the SEM Scanner and the
care pathway.

3.2 | Inclusion and exclusion criteria

The inclusion criteria were as follows:

1. Publication includes the use of sub-epidermal mois-
ture assessment for PI/PU prevention

English

Original research design; prospective and retrospective
All settings

All types of articles and online materials including
publicly available conference proceedings, national
and international guidelines

ok w

The exclusion criteria were as follows:

1. Review articles, animal studies, and bench/laboratory
tests
2. Non-English

3.3 | Electronic searches

The following databases were searched:

1. PROSPERO, PubMed, Cochrane Wounds Group Spe-
cialized Register, CENTRAL (The Cochrane Central
Register of Controlled Trials), EMBASE, EBSCOCI-
NAHL, ClinicalTrials.gov, Web of Science, ScienceDir-
ect, Scopus and Google Scholar.

2. PubMed Search Strategy: (Sub-epidermal Moisture)
OR (SEM) OR (Subepidermal Moisture) AND
(Pressure ulcer)

3. This search was adapted to other online databases
according to the syntax required in each database.

To identify further published, unpublished and ongo-
ing studies, this systematic review;

1. Scanned reference lists of all identified studies and
reviews to assess for further relevant citations;

2. Performed a manual search of relevant grey literature,
to enhance the capture of relevant and unique litera-
ture (i.e., OpenGrey www.opengrey.eu);

3. Searched conference proceedings, research reports
and dissertations.

Search limits: Inception (earliest search date in data-
bases) until April 2023 with no limitations applied.
The keywords used in the search included: SSK

1. #1 Pressure Ulcer OR Ulcer, Pressure OR Ulcers,
Pressure
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2. #2 Bedsore OR Bedsores OR Bed Sores OR Bed Sore
OR Sore, Bed OR Sores, Bed

3. #3 Pressure Sore OR Pressure Sores

4. #4 Decubitus Ulcer OR Decubitus Ulcers OR Ulcer,
Decubitus OR Ulcers, Decubitus

5. #5 Pressure Injury OR Pressure Injuries

6. #6:#1 OR #2 OR #3 OR #4 OR #5

7. #7: SEM OR Subepidermal moisture OR Sub-
epidermal moisture OR Sub-epidermal moisture

8. #8:#6 AND #7

3.4 | Study selection

Article titles were assessed by two authors independently,
and the abstracts of the studies (when available) identi-
fied by the search strategy were screened for their eligibil-
ity, according to the inclusion and exclusion criteria. The
full-text versions of potentially relevant studies were
obtained, and the same two authors independently
screened these against the inclusion criteria. Consensus
between the two authors in relation to the studies and
the data to be included was obtained through a discus-
sion when discrepancies were identified.

3.5 | Data extraction

Data from the included articles were extracted and
entered into a pre-designed table using the following
headings: study name, author, date of the study, setting,
sample size, design, outcomes, and limitations. This was
undertaken independently by two authors.

3.6 | Data analysis and quality appraisal
Following data extraction both a narrative analysis and a
meta-analysis statistical synthesis was considered appro-
priate. First, the data were narratively summarised, giv-
ing an overview of the study setting, geographical
location, study settings, sample sizes, and primary and
secondary outcomes. Data are presented using means
and standard deviations to depict the data obtained.

Meta-analysis statistical synthesis was undertaken
using RevMan.” Results of comparable trials were
pooled using either a fixed-effect model or random effects
model, depending on heterogeneity which was investi-
gated using the I statistic. Relative risks (RRs) and 95%
confidence intervals (CI) were calculated for dichoto-
mous outcomes.

The quality of the studies was assessed independently
by two authors. The methodological quality of the

included articles was assessed using the Evidence-based
Librarianship (EBL) Checklist. This quality appraisal tool
assesses the validity, applicability, and appropriateness of
a study, based on four main steps of the research process:
Population; Data collection; Study design; Results.
According to this checklist, if the overall validity of the
study (Yes/Total) is >75% or (No + Unclear/Total) is
<25% then the study is valid.*

4 | RESULTS

41 | Overview of all included studies
Figure 1 outlines the flow of articles through the reviews.
As can be seen, following reviews of titles and abstracts
from a total of 746 hits, 728 were excluded. Then, follow-
ing a review of the full papers of the remaining hits, five
were rejected as they did not report results on changes in
the delivery of PI/PU care pathways (see Table 1).
Finally, 10 studies (conducted between 2017 and 2022)
were deemed to meet the inclusion criteria.>’™*° These
studies form the basis of this review.

4.2 | Study design

The research was conducted from 2017 to 2022. A total of
30% (n=3) of the studies employed a pragmatic
design.***”*® Additionally, one study was quantitative
quasi-experimental observational,>* one was a pilot ran-
domised controlled trial,** one case study,* one was a
pilot study,® one was a retrospective study>® and one was
a before-after study.’® Finally, one was a descriptive
study’? (see Table 2).

4.3 | Geographical location

The studies were conducted in various geographical loca-
tions. One study was conducted across multiple coun-
tries, including the UK, Ireland, Belgium, and Spain.*®
The majority of the remaining studies were conducted in
the UK (N=7, 70%),>37*% followed by Ireland,*
Australia,®>* and Canada®® (see Table 2).

44 | Study settings

The study settings included hospitals, long-term care,
community care and palliative care settings. The most
common setting was the hospital (n =8, 80%) (see
Table 2).
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Identification of studies via databases and registers

FIGURE 1 PRISMA flow diagram

for study selection.

TABLE 1 Excluded studies with reasons.

Author Reason for exclusion
Martins de Oliveira, O'Connor*! Non-eligible outcome

Okonkwo, Bryant*? Non-eligible outcome

Budri®® Non-eligible outcome

O'Brien, Moore** Non-eligible outcome

Kim, Park®? Non-eligible outcome
4.5 | Sample size

The mean sample size was 502 (SD = 653; min 17,*° max
1995°°).

4.6 | Subepidermal moisture assessment
technolgy

The studies employed either the first-generation SEM
Scanner model 2007 * or the second-generation
Provizio® SEM Scanner.*"*

Records removed before
S Records identified from: screening:
£} .
.g Databases (n = 746) Dt;p)hcate records removed (n
& =
H Registers (n =0
§ egisters (1 =0)) Records marked as ineligible
by automation tools (n = 0)
— Records removed for other
i reasons (n = 0)
Records screened Records excluded
—>
(n=743) (n=728)
Reports sought for retrieval Reports not retrieved
o >
c (n=15) (n=0)
e
Q
: '
(%]
»n
Reports assessed for eligibility Reports excluded:
=1
(n=15) Non eligible outcome: 5
5 Studies included in review
°
3| | (n=10)
=

4.7 | Elements of care pathways

The studies included diverse care pathways to prevent
PI/PUs, including the SSKIN bundle, pressure-
redistributing mattresses, barrier creams, repositioning
schedules, patient education, ward-based care, and nutri-
tion plans. See Table 3 for detailed information on these
elements.

4.8 | Results for the primary outcome:
impact of SEM assessments on the delivery
of PI/PU care pathways

4.8.1 | Change in practice

All the studies included in this systematic review, except
one, reported that a change in clinical practice took place
as a result of SEM assessments. One study”” reported the
proportion of time participants received the PIP. In seven
of the studies, use of the scanner was reported to impact
care delivery, through the implementation of a guided
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(Continued)

TABLE 2

Control

Intervention

SEM device

Design Sample sizes (n)

Unit

Setting

Country

Authors

the sacrum and

heels.
» Nursing care

otherwise

followed standard

of care according
to the established

protocols of
individual

participating sites.

Abbreviations: HAPU, hospital acquired pressure ulcer; ICU, intensive care unit; PI, pressure injury; PU, pressure ulcer; RA, research assistant; SEMS, sub-epidermal moisture scans; SoC, standard of care; SSKIN,

surface, skin inspection, keep moving, incontinence/moisture, nutrition; STA, skin tissue assessments; VSA, visual skin assessment.

care plan.*'>*33740 However, not all of the studies spec-
ified which interventions were given to whom within the
study; rather the assumption was that the care was deliv-
ered as directed facility protocols and flow charts which
outlined SEM assessment integrated care plans.****3°

The studies of Nightingale and Musa,* Ropper,*
Ousey, Stephenson’® and Musa™ reported the percentage
of patients with changes in care planning. The mean rate
of change in clinical decision-making was 62.4% (SD =
+20.4). The minimum rate of change was 35.3%,° and
the maximum was 83%.>* Specifically the percentage
change in care planning was 83% in Nightingale and
Musa,** 75% and 79% for Ward A and Ward B, respec-
tively, in Ropper,” 40% in Musa® and 35.3% Ousey,
Stephenson,*® (see Table 4).

4.8.2 | Nature of the change in practice

Some authors were more specific about the intervention
the patients' received, for example, use of a support sur-
face, a repositioning schedule, application of a barrier
cream, off-loading of heels and use of a prophylactic
dressing.

Support surfaces

Five of the studies reported a change in clinical
decision-making with reference to use of support
surfaces.***>37%° The mean increase in use of support
surfaces was 66.6% (SD = +13; min: 41% [Raine 2021],
max: 77.19%)*' (see Table 4). Campbell, Chaboyer*
reported the time participants received support surfaces
and this was the same in both the intervention and con-
trol groups.

Repositioning schedule. Five studies®***>*7% reported
changes in clinical decision-making regarding reposition
schedules. The mean increase repositioning was 74.6%
(SD = +9; min: 41%,”” max: 91%>") (see Table 4).

Barrier cream. Four studies®**° reported changes in
their clinical decision-making regarding the application
of barrier cream. The mean rate of use of a barrier cream
was 66.2% (SD = +6.3; min: 60% [Ore,*> Musa,*’], max:
71% [Nightingale and Musa>*]) (see Table 4).

Prophylactic dressing (heels and/or sacrum). Three stud-
ies’**>*° reported changes in their clinical decision-
making regarding the use of prophylactic dressing (heels
and/or sacrum). The mean increase rate in the use of pro-
phylactic dressings was 65% (SD = +6.5; min 60% [Ore*
and Musa® studies], max: 77.19% [Nightingale, 2021])

(see Table 4). Further Campbell (2022) reported the time
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participants received prophylactic dressings and this was
the same in both the intervention and control groups.

Offloading of heels. Five studies®***>*7*  reported
changes in their clinical decision-making regarding off-
loading of heels. The mean increase rate heel offloading
was 75% (SD = +15.6; min 55% [Nightingale 2021], max:
91% [Byrne 2022]) (see Table 4).

4.9 | Results for the secondary outcomes
49.1 | Development of pressure ulcers/
injuries

Visual pressure ulcer/injury development

Ten studies were included in the analysis, all of which
reported rates of visual PI/PU development. Three of
these studies specifically focused on post-implementation
of care pathways (Fletcher, 2017; Ousey, 2022; Ropper
2021). Among these, Fletcher”® and Ropper®® found no
PI/PU development, whereas in Ousey, Stephenson,’
33.6% of the patient assessments by anatomy (5172 out of
15 375) showed skin reddening (see Table 5).

A meta-analysis was performed using the data from
the remaining seven studies.*'**3*3>37:3840 Fjgure 2 out-
lines the results of the meta-analysis and as can be seen,
the I* is 12%, indicating low heterogeneity, therefore, a
fixed-effects model was used for the meta-analysis.

As can be seen from Figure 2, there is a statistically
significant difference in visual PI/PU development in
favour of the use of care pathways based on SEM assess-
ments (PU incidence 1%, 27/2661, care pathway group,
versus 25%, 401/15 790 usual care group). The odds ratio
(OR) = 0.36 (95% CI: 0.24-0.53, p < 0.00001), which sug-
gests that there is a 64% reduction in the odds of PI/PU
development for the care pathway implementation group.
We are 95% confident that the true population parameter
lies between a 47% reduction to a 76% reduction in PI/PU
development.

SEM pressure ulcer/injury development

One study reported SEM-detected early PI/PU develop-
ment rates.>’ In this study, ‘SEM Pressure Ulcer’ was
operationally defined as SEM readings >0.5 sustained
over two or more days over any anatomical site, after day
1. In the treatment group: 23% (n = 18/78), developed a
SEM-detected early PI/PU, whereas in the control group,
this was 38% (n = 27/71). The OR of developing a SEM-
detected early PI/PU was 0.59 (95% CI: 0.24-1.00;
p = 0.05). This indicates a statistically significant reduc-
tion in the odds of SEM-detected early PI/PU develop-
ment, in favour of the treatment group (see Table 5).

49.2 | Change in SEM delta scores over time
One study reported on the change in SEM delta scores
over time. In Byrne, Patton®' the participants in the treat-
ment group experienced a statistically significant reduc-
tion in mean SEM delta scores from baseline to study
end, in favour of the treatment group (mean difference:
0.49; 95% CI: 0.59-0.39; p < 0.0001).

4.9.3 | Nurse experience and feedback on
the use of the SEM Scanner as a component of
pressure ulcer/injury prevention strategies

Two studies (Raizman, MacNeil,*® Raine,’”) provide
data on the nurse experience and feedback on the use
of the SEM Scanner in the context of patient pressure
injury/ulcer prevention (see Table 6). Both studies
noted that nurse experience and confidence in using
the SEM Scanner improved with increased exposure
and experience. In both studies, the SEM Scanner dem-
onstrated its effectiveness in identifying patients with a
deviation (delta) of >0.6, which alerts nurses to take
appropriate clinical action promptly. Raine®’ showed
that the majority of nursing staff found the SEM Scan-
ner easy to learn, operate, and integrate into their clini-
cal practice and all nursing staff (100%) agreed that the
data provided by the SEM Scanner was clinically
meaningful.

49.4 | Staff feedback for the care pathway
The feedback data from Ropper® indicates that staff
responded positively to the clarity and user-friendliness
of the implemented care pathway for PI/PU prevention,
finding it easy to follow and beneficial in their clinical
practice. The study also highlights the importance of
addressing concerns about consistent adherence to the
pathway and accommodating staff requests for the inclu-
sion of additional equipment decision-making factors
through ongoing education and pathway improvement
(see Table 7).

410 |
studies

Quality appraisal of included

The quality appraisal assessment is summarised in
Table 8, which provides the validity figures in each
domain. The mean validity score for all studies was 87%
(SD: +5.56%; min: 80.5%,> max: 96%>%). As shown in
Table 8, all studies scored >75%, indicating validity.
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TABLE 5 Development of pressure ulcers/injury (visual/PI/PU-SEM PI/PU).
Author Visual PU SEM PU
Byrne, « Treatment group: 0/78 « Treatment group: 23% (n = 18/78)
Patton*! « Control group: 1.41% (n = 1/71); two PUs, one on the « Control group: 38% (n = 27/71) p = 0.05
left heel and one on the right
Campbell, « Treatment group: 0% (0/50) Treatment group: 34 participants remained in the study
Chaboyer?? + Control group: 2% (N = 1/49) (stage 1, located on the for >3 days,
sacrum). o 13 (38.2%), 14 (41.1%), 15 (44.1%) participants
respectively having a sacral, left, and right heel
abnormal SEM delta (>0.6) for >3 consecutive
measurement days. Unclear whether these are all
separate patients or whether some of them are patients
with more than one anatomical location affected.
Control group: N/A not scanned using SEM
Fletcher® « Post-implementation: 0% (0/35) (no control group) N/A
One patient on the ward and one patient followed in the
community after discharge developed a PU, but this was
also not due to care on the ward
Nightingale « Pre-implementation: Total: 2% (n = 42/2846) N/A
and Musa™* « During implementation: Total: 3% (n = 2/697)
Ore™ « Pre-implementation: 16.1% (37/230) N/A
« Post-implementation: 11.8%; (n = 2/17)
Ousey, » Post-implementation: Skin Reddening observed: 33.6% N/A
Stephenson*® (5172/15375)
Raizman, « Pre-implementation: 13.5% (12/89) N/A
MacNeil*® o Stage I: 4 (33%); Stage II: 6 (50%); Stage III: 1 (8%);
Stage IV: 0 (0%); Unstageable/deep tissue injury
1(8%)
« Post-implementation: 1.0%. (2/195)
o Stage I: 1 (50%); Stage II: 1 (50%); Stage III: 0 (0%);
Stage IV: 0 (0%); Unstageable/deep tissue injury
0 (0%)
Ropper*’ + Post-implementation: 0% (0/126) N/A
Raine®’ « Pre-implementation: 9% (34/377) N/A
« During implementation: 4.8% (7/146)
Musa*’ » Pre-implementation: HAPU incidence N/A

Acute care setting 1.6% (192/11521)

Palliative care 9.0% (34/377)

Community care: district nursing 16.1% (37/230)
o Total: 22% (263/12128)

Post-implementation: HAPU incidence

Acute care setting 0.3 (5/1315)

Palliative care 4.8 (7/146)

Community care: district nursing 11.8 (2/17)

o Total: 9% (14/1478)

Abbreviations: HAPU, hospital acquired pressure ulcer; PI/PU, pressure ulcer/injury; SEM, sub-epidermal moisture.

5 |

DISCUSSION

assessments on the delivery of PI/PU care pathways.

The aim of this systematic review was to explore the liter-
ature on the delivery of PI/PU care pathways as a result
of detecting abnormal SEM deltas (A > 0.6), and 10 stud-
ies met the inclusion criteria. The primary outcome of
this systematic review was to explore the impact of SEM

Nine studies reported that SEM assessments led to a
change in clinical practice. This stems from the utility of
SEM assessments in detecting developing localised
oedema and developing tissue damage prior to visible
and tactile signs, enabling HCPs to provide tailored
PI/PU care plans to the right anatomy that is developing
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Byrne 2022 a0 78 1 71 1.3% 0.30[0.01, 7.47]
Campbell 2022 1] a0 1 49 1.3% 0.32[0.01, 8.08]
Musa 2021 14 1478 263 12128 486% 0.43[0.25 0.74] ——
Mightingale 2021 2 697 42 2846 14.2% 0.19[0.05, 0.80] I —
Ore 2020 2 17 48 230 5.0% 0.81 [0.11, 2.29] — T
Raine 2021 7 146 34 377 155% 0.51[0.22,1.17] I
Raizman 2018 2 195 12 89 14.0% 0.07 [0.01, 0.30]
Total {95% CI) 2661 15790 100.0%  0.36 [0.24, 0.53] <
Total events 27 401
Heterogeneity: Chi*= 6.79, df= 6 (p=0.24); 7= 12% IU o 051 110 'IIZIDI

Test for overall effect Z=5.09 {p= 0.00001)

Favours [experimental] Favours [control]

FIGURE 2 Forest plot, implementation of care pathways based on sub-epidermal moisture assessments versus usual care, Outcome:

Visual pressure ulcer/injury development. CI, confidence interval.

TABLE 6 Nurse experience and feedback on the use of the
SEM Scanner.

Raizman, « Nurse experience and feedback on the

MacNeil*® device improved with experience. Initial
training and follow-up skills checks were
important in ensuring consistency and
accuracy.

+ Examiners gained confidence in their skills
and in the results of the implementation of
the scanner as their experience increased
and data results were shared with them.

Raine®’ Feedback in percentage of ‘yes’ responses
from nursing staff (n = 26) who completed the
post-study survey in adopting the SEM
Scanner to the patient pressure ulcer/injury
care pathway:

« In my experience, it was easy to learn to use
and operate the device 92% (24/26)

» Scanning each patient was quick and I was
able to scan each patient easily 88% (23/26)

« Finding patients with a deviation (delta) of
>0.6 alerted me to take appropriate clinical
action 100% (26/26)

« The device provides additional information
to support my decision-making about my
patient's PU care 100% (26/26)

« Did the device provide clinically
meaningful data about tissue damage (Y)
100% (26/26)

Abbreviations: SEM, sub-epidermal moisture; PU, pressure ulcer.

damage. This indicates a promising shift toward more
personalised and evidence-based care for patient at risk
of PI/PU. It is important to note that some studies did
not specify the precise interventions administered. Con-
versely, other studies provided more specific insights into
the nature of changes in practice driven by SEM assess-
ments. These changes ranged from the increased and
appropriate use of support surfaces and repositioning
schedules to the application of barrier creams, off-loading

TABLE 7 Staff feedback for the care pathway.

Ropper®* « The majority of staff who provided written
comments on the feedback forms noted that
they found the pathway clear to follow and easy
to use.

o ‘Flow chart easy to read and follow’
o ‘No issues with understanding this’
o ‘Very helpful and concise.’

» One registered nurse commented: ‘Pathway is
good, but will staff use it often or keep referring
to old guideline for mattress ordering?’ This
raises the issue of the need for ongoing staff
education to support implementation of new
guidance.

» Two staff requested that the pathway include a
range of other factors to consider when deciding
on equipment.

of heels, and prophylactic dressing. Furthermore, in one
study** this targeting of abnormal SEM deltas with
appropriate anatomy-specific interventions halted the
progression of tissue damage and reduced localised
oedema. In seven studies®**>*7?%303133 3 reduction in
SEM deltas reduced the incidence of a visual PI/PU. This
systematic review of published data, therefore, identified
evidence to suggest that implementing SEM assessments
can positively impact PI/PU care delivery and improve
key quality targets in PI/PU prevention.

Current standard care for PI/PU prevention includes
patient risk factor assessment tools (Braden, Waterlow,
Norton, etc.,), subjective visual and tactile skin assess-
ments and clinical judgement that is subjective to HCP
experience However, a systematic review by Moore and
Patton’ found that the Braden and Waterlow risk assess-
ment tools have a low certainty of evidence. Other similar
studies regarding the use of risk assessment tools have
reported poor predictive validity, issues with inter-rater
reliability, low sensitivity, and low specificity. Further,
these risk assessments tools are designed to indicate risk
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TABLE 8 Validity scores of included studies.

The validity of included studies %

m—Wl LEY_L2 of 24

Study category %

Author Population Data collection Study design Results Overall results %
Byrne, Patton®! 98% (valid) 98% (valid) 80% (valid) 100% (valid) 92.6% (valid)
Campbell, Chaboyer* 100% (valid) 100% (valid) 100% (valid) 83.3% (valid) 96.3% (valid)
Fletcher® 42% (not valid) 80% (valid) 100% (valid) 100% (valid) 80.5% (valid)
Musa*® 100% (valid) 75% (valid) 50% (valid) 66% (not valid) 81% (valid)
Nightingale and Musa®* 100% (valid) 75% (valid) 80% (valid) 83% (valid) 85% (valid)
Ore* 95% (valid) 100% (valid) 80% (valid) 66% (not valid) 92.6% (valid)
Ousey, Stephenson®® 98% (valid) 75% (valid) 80% (valid) 83% (valid) 85.5% (valid)
Raizman, MacNeil*® 95% (valid) 100% (valid) 80% (valid) 66% (not valid) 92.6% (valid)
Ropper*’ 100% (valid) 75% (valid) 80% (valid) 66% (not valid) 81.5% (valid)
Raine®’ 95% (valid) 75% (valid) 80% (valid) 83% (valid) 83.2% (valid)

as opposed to objective detection of developing PI/PU
damage. Variability in providing consistent risk assess-
ments, in addition to these risk assessments not being
anatomy-specific, results in HCPs' inability to provide
timely and effective PI/PU prevention interventions. The
consequence is a persistent PI/PU incidence rate.*>™*’
Additionally, it should be noted that the diagnosis of
PI/PUs is usually documented after visual assessment
which implies that tissue damage at the macroscopic
level has already occurred.”® Implementing SEM assess-
ments enables to HCPs to avoid this diagnostic and inter-
vention latency and provides a window of opportunity to
provide effective interventions in a timely manner. It
must be noted that this is “early detection” relative to
visual and tactile skin assessments but is “timely” from
an etiological perspective, given that localised oedema is
the earliest sign of cell and tissue death in the PI/PU
damage cascade. While SEM assessments are reported to
provide real time data on tissue health, it seems that daily
assessments of SEM delta provide HCPs with a longitudi-
nal view on how each patient anatomy individually
responds to preventive interventions, allowing HCPs to
rely on objective data to implement, modify or change
interventions effectively. Literature suggests a significant
reduction in PI/PU incidence when SEM assessments are
implemented as part of daily PI/PU care practices. Moore
et al., in their systematic review reported a 93% reduction
in PI/PU incidence in the studies they reviewed where
HCPs acted based on SEM assessment data. In the met-
analyses identified in this review, Ousey et al. (2022)
report a three-fold reduction in the RR of PI/PU inci-
dence (RR: 0.38; 95% CI: 0.26-0.56; p < 0.001) when SEM

assessments are implemented in daily care practices.
These data support the findings of this review in that
early detection of tissue damage is critical in directing
healthcare practitioners to implement timely preventative
interventions when damage is still microscopic and
reversible level. Treating localised edema as if it were a
stage 1 PI/PU in anatomies that exhibit raised levels of
SEM, halts the progression of tissue damage before cells
reach the point of death and prevents the development of
visible PI/PU. Latencies in providing interventions and
diagnosing early stage PI/PU damage may be resolved
using SEM assessments that guide anatomy-targeted clin-
ical actions.*

Positive nurse experiences and feedback on imple-
menting SEM assessments in routine care practices fur-
ther highlight the importance of clinical education and
HCP training that is necessary to successfully implement
new technologies into existing PI/PU prevention path-
ways. The positive trend of improved confidence and
experience among HCPs reported in the reviewed studies
suggest that integration of SEM assessments into clinical
practice can be successful by proper support and training.

5.1 | Limitations

This systematic review has limitations. First, the majority
of the studies included in the review were observational
studies. While our systematic review included observa-
tional studies, which provide valuable insights, we
acknowledge the need for higher-level evidence such as
randomised controlled trials to establish a firmer causal
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relationship between SEM assessments and the delivery
of PI/PU care pathways. It is however important to note
that the pragmatic designs and quality improvement
approaches explored by the studies identified in this
review are significant when considering translating the
clinical utility of SEM assessments to the bedside.

Second, the quality of the studies included in the
review was variable. Randomized controlled trials and
observational studies were well-designed and conducted,
while other pragmatic studies were less rigorous. Addi-
tionally, it is noted that SEM assessments primarily mini-
mise PI/PU progression via early detection and treatment
of damage rather than focusing on risk-based prevention.
Despite its limitations, this systematic review suggests
that SEM assessments maybe a valuable tool for prevent-
ing PI/PU at the bedside. Further research, including
randomised controlled trials, is needed to confirm the
efficacy of interventions for consistent PI/PU prevention
in a variety of settings as measured by SEM assessments.

Cost considerations are also crucial when evaluating the
implementation of new technologies like SEM assessments.
Although the studies identified in this review did not dis-
cuss or specifically account for cost efficacy, we note other
published data that describe the cost consequences of
implementing SEM assessments in multiple care settings.
Padula et al.*® described a Markov cohort model reporting
that integrating SEM assessments resulted in a $4054 USD
cost-savings per acute care admission. Similarly, Posnett
et al.* demonstrated a cost-saving of £8.9 GBP per admis-
sion in a representative acute care NHS hospital. Relative
risk reduction in PI/PU incidence may result in significant
cost-savings to healthcare facilities.

5.2 | Recommendations
Based on the findings of this systematic review, the fol-
lowing recommendations are made:

1. Healthcare providers should consider using SEM
assessments for early detection of PI/PU development.

2. SEM assessments could be used to inform the develop-
ment and implementation of tailored PI/PU care
pathways.

3. SEM assessments should be considered as the basis
for timely interventions prior to visible and tactile
manifestation of pressure-induced tissue damage.
Clinical decisions based on risk factors and risk
assessment tools maybe categorically followed to
guide additional interventions.

4. Randomised controlled trials are needed to confirm
the efficacy interventions provided based on SEM

assessments-based care
ing PI/PU.

pathways for prevent-

6 | CONCLUSION

This systematic review provides evidence that imple-
menting SEM assessments in patients at risk of develop-
ing PI/PU prompts anatomy-specific clinical actions.
Furthermore, the subsequent implementation of
enhanced and targeted skin care interventions leads to
reductions in PI/PU incidence. The findings emphasise
the importance of incorporating SEM assessments as part
of comprehensive PI/PU prevention strategies in a variety
of care settings and patient populations. Further research
is needed to confirm the efficacy of interventions via
SEM assessments-based care pathways for preventing
PI/PU in randomised controlled trials.
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