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Pressure injuries/ulcers (PIU) are a widespread and serious complication of reduced patient mobility. Annually, 
PI/Us occur in more than 2.5 million US patients, of whom approximately 60,000 die due to infection and other 
sequelae (Berlowitz et al., 2014). While in Europe the mean prevalence was reported at 13.15 (Moore et al 2019). 
Due to the substantial impacts of PI/Us on patient quality of life, recovery, and lengths of stay, PI/U prevention is 
prioritized by providers and policy makersi,ii . The United States’ Agency for Healthcare Research and Quality’ 
(AHRQ) statistics, however, show PI/Us being the only Hospital Acquired Condition whose incidence worsened 
during 2014-17iii. The overall costs of PI/Us in the USA are estimated to exceed $26.8 billioniv with per-patient costs 
ranging from $500 to $70,000v. Dealey. et al (2004 ) reported that up to £2.1 billion is spent annually on treating 
PI/PUs, equates to approximately £3.8m per day.  

 
Currently, patients are initially screened on admission into two PI/U groups: 1.) patients admitted with an existing 
PI/U or, 2.) patients without a PI/U at admission. A patient presenting with a PI/U formed prior to admission will 
immediately undergo a variety of treatments, each dependent on the condition of the patient’s skin and tissue, the 
clinical goals being, healing, pain management, avoidance of the chronic wound cascade, or infection, and ultimately 
recovery.  

Those without an existing PI/U are further assessed (in some care settings all patients, regardless of PI/U state on 
admission will be periodically risk assessed), typically using validated risk-assessment tools (RATs) (e.g., Braden scale). 
RATs seek to answer the question, “to what extent is my patient at risk of developing a PI/U?” Depending on assessed 
risk, patients will receive a bundle of “universal preventions” designed to reduce PI/U risk for the whole patient. 
Universal prevention activities are those clinical interventions intended to facilitate whole-body offloading and care 
planning such as patient repositioning and the use of pressure redistributing mattresses and medical devices. They 
are applied when patients are deemed to be at risk of a PI/U, but where no PI/U is diagnosed at any particular 
anatomy. Figure 1, excerpted from Padula’s 2019 British Medical Journal paper, presents a Markov state transition 
view of patient flow from admission, through risk assessment to a number of transitory and end-states including 
surgery, death, acute or chronic care, and discharge. This model reflects the clinical course of PI/Us, absent the 
current understanding of PI/U etiology.  
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FIGURE 1: STAGING OF PRESSURE-INDUCED SKIN AND SOFT TISSUE INJURIES (PADULA ET AL, 2019) 

 

Risk assessments are supplemented by a skin and tissue assessment—visible and palpation tests— (STA) intended to 
diagnose a developed PI/U. If the STA diagnoses a PI/U, then anatomy-specific interventions (e.g., a heel boot at a 
patient’s left heel together with a bundle of other interventions) are initiatedvi. STAs appraise skin color, blanchability, 
temperature, hardness, and other visible or palpable indicators of injury. Clinical judgment of nurses, informed by 
risk tools and skin and tissue assessment, however, “achieved inadequate capacity to assess PI/U riskvii” and suffered 
from “high inter-examiner variabilityviii.  Clinical Judgement has a sensitivity of 50.6% and specificity of 60.1%. Because 
of the skill dependency of skin and tissue assessment, correct identification of a Stage I Pi/U has been observed as 
low as 60% in a diverse group of 1,452 nursesix. 

A combination of PI/U risk assessments, supplemented by skin and tissue assessments and mechanical offloading 
(such as patient repositioning and the use of pressure redistributing mattresses and medical devices) comprises most 
PI/U prevention programsvi.  A safety systems analytical assessment of risk assessment tools provided a different 
perspective on risk assessment tools and their combination with treatments and STAs, namely the diagnostic 
standard currently in use suffers from “latency”. 

1. Diagnostic latency: This is the gap between the time when the damage actually begins and the time, under 
the current standard of care, at which it is detected and confirmed.   

2. Anatomical interventional latency: Prevention (which we define as ‘keeping the patient’s skin intact’, followed 
by rescuing and reversing the damage) requires knowing where on the body to intervene, when and how 
intensively, not only that the patient is at risk. STAs achieve the diagnostic threshold required to trigger 
anatomy-specific interventions only once the wound has developed and can be diagnosed by STA. The 
sensitivity and specificity of clinical judgement of ward level nurses aided by STA is too low and too late to 
reliably assure timely and accurate interventions at specific anatomies. 

The mechanobiology of hospital acquired pressure injuries/ulcers (HAPI/Us) is such that soft tissue damage initiates 
near bony prominences – typically the sacrum and heels - where the force of concentrated bodyweight causes 
intensified and sustained cell and tissue deformations which compromise cell integrity, transport function, leading 
to tissue deathx. Since these HAPI/Us may not form initially on skin, even the best nursing skills and diligence relating 
to tissue care will be ineffective in achieving timely detection of sub-epidermal injuries. In other words, without an 
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insight into deep tissue viability, there is no feasible way for a nurse relying on current risk assessment scales and 
STAs to detect the developing injury in a timely wayxi nor take the timely, appropriate, anatomy-specific interventions 
necessary. The resulting insight therefore is that PI/U prevention – keeping the skin intact – is improbable under the 
current standard of carexii. Figure 2 presents a modification of Padula’s 2019 clinical state Markov model (Figure 1) 
updated to reflect all PI/U stages, plus the preceding “Non-visible Tissue Damage”. 
 

 
 

FIGURE 2:11-STATE MARKOV MODEL CAPTURES THE PREVENTION AND TREATMENT PATHWAY OF PRESSURE INJURIES, WITH 
RECURRING PATTERNS AND TUNNELING STATES INCLUDING THE “NON-VISIBLE TISSUE DAMAGE” STATE (PADULA 2020). [KEY: DTI: DEEP 

TISSUE PRESSURE INJURIES (DTPI), N&M: NURSING AND MONITORING, ACC: ACUTE AND CHRONIC CARE] 

Due to the subjective, latent nature of STAs and subsequent anatomy-specific interventions, there is a clear clinical 
need for an objective, point-of-care tool for diagnosing or assessing developing PI/Us on at-risk patients before the 
invisible, sub-clinical, damage manifests at the skin’s surface as visible damage.  
 
The ICD-10xiii (L-89), US codes defines stage I as “Pre-ulcer skin changes limited to persistent focal edema” (Figure 3). 
Localized edema also known as persistent focal edema (or Sub-epidermal Moisture (SEM)) is an important precursor 
to the onset of PI/U progression, which, left untreated, can progress into visible erythema (stage 1) and progressive 
pressure-induced tissue damage. Evidently SEM, is a biophysical marker in PI/U and deep tissue injury (DTI) 
pathophysiology; validated in current literature and in International Clinical Guidelines (Section Error! Reference 
source not found.). Therefore, the treatment and management of SEM (or localized edema/persistent focal edema) 
is critical to effective PI/U prevention.  
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FIGURE 3: PERSISTENT FOCAL OEDEMA – STAGE PI  (ICD-10 GUIDELINES)  
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