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Abstract: 

Despite technological and scientific advances, Hospital Acquired Pressure Ulcers 

(HAPUs) remain a common, expensive, but preventable adverse event. The global 

prevalence ranges from 9% to 53% while three million people develop HAPUs in 

the United States and 60,000 people die from associated complications. HAPU 

prevalence is reported as high as 42% in ICUs (ICU) costing on average $48,000 to 

clinically manage. The purpose of this systematic review was to evaluate the 

effectiveness of multi-component interventions (care bundles), incorporating the 

Braden scale for assessment, in reducing the prevalence of HAPUs in older adults 

hospitalized in ICUs. Older adults hospitalized in the ICU are most vulnerable to 

developing HAPUs. Early and accurate identification of risk factors for pressure is 

essential for prevention. Care bundles with three to five evidence-based 

interventions, and risk assessment with the Braden scale, were effective in 

preventing HAPUs in older adults hospitalized in intensive care settings. Higher 

quality evidence is essential to better understanding the impact of HAPU prevention 

programs using care bundles with risk assessments on patient outcomes and 

financial results. 
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1. Introduction: 

Despite technological and scientific advances, Hospital-Acquired Pressure Ulcers (HAPUs) are 

among the top five most common causes for adverse patient outcomes. For years, the global 

HAPU prevalence has ranged from less than 1% to more than 40%, with a mean prevalence of 

14.8%. In American hospitals, the prevalence is estimated to be 0.4% to 38%. Each year, nearly 

3 million people develop HAPUs in the United States, costing $10 billion with a $48,000 

average charge per ulcer. More than 60,000 acute care patients die from complications related 

to HAPUs, yet as many as 95% are preventable. For this reason, Hibbs noted HAPUs are ‘an 

epidemic under the sheets.’ 

Pressure ulcers are a serious but common adverse event for older adults. Within one week of 

hospital admission, about 15% of patients more than 60 years old will develop a pressure ulcer, 

with an average unadjusted inpatient cost of $66,064 versus $35,844 for patients with and 

without HAPUs. The additional hospital stay related to a HAPU is on average 4 to 6 days, 

reducing the availability of beds for other admissions. Hospital payments for managing HAPUs 

were eliminated in the United States, resulting in the financial incentive for risk reduction 

programs. With hospital-wide implementation of evidence-based practices, HAPUs can be 

significantly reduced (11.32 cases/quarter). 

In the intensive care unit (ICU), HAPU prevalence is reported between 4% to 40%, with higher 

prevalence reported in the medical ICU. HAPUs in the ICU contribute to increased nurse 

workload, as high as 50%, with at least a 5% impact on the overall budget due to more staffing, 

medical supply consumption, specialty bed usage, and nutritional support. HAPUs have a 

deleterious impact on the quality of life for people recovering from illnesses with limited 

mobility, increased incidence of sepsis, additional surgeries and extended hospital stay. For 

these reasons, HAPUs are a recognized quality of care surrogate, risk management problem, 

and patient safety priority for the ICU. 

1.1. HAPUs and nursing: 

Classified as a nursing-sensitive quality indicator, HAPUs are acknowledged to be a 

fundamental nursing responsibility in the ICU. The three independent predictors for HAPU 

development are generally managed through nursing services in the hospital setting including, 

mobility and activity, perfusion related to diabetes and other diseases, and skin integrity, 

including pressure ulcer status. As HAPUs can develop within four to six hours, nurses can 

prevent ulcers by identifying high-risk patients, initiating evidence-based intervention  
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Strategies, and monitoring for signs of ulcer development. Pressure ulcer prevention programs 

have improved with multidisciplinary teams led by nurses as the most knowledgeable about 

HAPUs, capable of identifying high-risk patients, and available to implement recommended 

interventions. 

1.2. Care bundles and risk assessment: 

Although intervention studies to prevent HAPU development have been conducted in different 

clinical settings, most employed single interventions in comparison to standard care. However, 

multi-component interventions, or care bundles, with a risk assessment are more effective in 

preventing HAPU development. The Braden scale for predicting pressure sore risk, more 

commonly called the Braden scale, is the most widely used tool in hospitals to identify patients 

at high risk for HAPUs. The Braden scale is highly effective in assessing HAPU risk among 

patients in medical, surgical, and critical care settings, and is more accurate than the clinical 

judgement of nurses. 

Care bundles combine evidence-based interventions, usually three to five components, to yield 

a significantly better outcome than when individually implemented. To maximize the clinical 

outcome, all the interventions must be performed collectively and implemented consistently. 

Most HAPU care bundles include a risk assessment, support surfaces, patient repositioning, 

mobilization, friction reduction, nutritional support and moisture management. Additional 

intervention strategies include unit-based wound care clinicians, health record monitoring, audit 

result feedback, staff education, computerized processes, and standardized clinical practices. 

1.3. Purpose of systematic review: 

Knowledge is translated from research into clinical practice based on the evidence reported by 

systematic reviews. Yet, there has not been a systematic review of the intensive care literature 

published since 2002 for HAPU prevention strategies incorporating the Braden scale, and none 

focused on care bundles. The purpose of this systematic review was to evaluate the 

effectiveness of care bundles incorporating the Braden scale for risk assessment in reducing the 

HAPU prevalence in older adults hospitalized in the ICU. 

 

2. Materials and methods: 

This systematic review was guided by the methodological framework outlined by the Higgins 

& Green through ten steps, including: 1) Frame research question; 2) Construct search strategy;  
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3) Test search strategy in PubMed; 4) Identify relevant studies for sample; 5) Assess the level 

of evidence; 6) Evaluate the risk for bias; 7) Extract data from studies; 8) Summarize the data; 

9) Interpret the findings; and 10) Report the evidence. The PICOS (participants, interventions, 

comparators, outcomes,and study design) technique, with the addition of time (PICOTS), 

defined the searchable research question (Supplemental Table. 1). The study was approved by 

the university institutional review board and reported according to the preferred reporting items 

for systematic reviews and meta-analyses, or PRISMA. 

2.1. Search strategy: 

A systematic search was performed using thesaurus terms and keywords in six databases, 

CINAHL, Cochrane Library, Google Scholar, JBI Evidence-Based Practice Database, PubMed, 

and ProQuest between January 2012 and December 2018 for research papers reporting 

experimental, quasi-experimental, and observational study designs. For the search strategy, a 

combination of search terms and keywords included: pressure ulcer, Braden scale, ICU, 

pressure ulcer prevention, protocol, intervention, multi-component, and care bundle, combined 

with Boolean operators (Supplemental Table. 2). The inclusion criteria were research studies 

with three or more interventions (care bundle), male and/or female patients 60 years of age or 

older, hospitalized in the ICU for at least 24-hours, and without HAPUs upon entry into the 

unit. 

The review leader conducted the pilot search in PubMed, before initiating the searches in six 

databases with a second reviewer. The search strategy for each database, with keywords, was 

shared with the second reviewer to ensure the comprehensive search could be repeated in a 

substantially similar manner. An additional reviewer, an expert in scoping and systematic 

reviews, provided guidance throughout this process, including testing the search strategy with 

a qualified biomedical reference librarian. 

2.2. Study selection: 

Once the search was completed, the titles, abstracts, and full papers were independently 

assessed by two reviewers in sequential rounds applying the inclusion criteria. The PRISMA 

four-step process for study review and selection was utilized: a) identification (records 

identified), b) screening (titles reviewed and abstracts screened), c) eligibility (full-text 

assessed) and d) included (document included in the sample). When there was not agreement 

between the two reviewers during the title and abstract screening, the study was included in the 

next round for further consideration to reduce the opportunity for selection bias. To prevent  
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Methodological bias, the Critical Appraisal Skills Programme (CASP) Checklist (qualitative, 

randomized control, case-control, cohort, or systematic review) was applied to assess the 

quality, relevance, and results of each study. At least 70% of the criteria for each checklist 

needed to be met for inclusion. Any uncertainty or disagreements were collaboratively resolved 

through a review of the questionable criteria to reach a consensus. 

2.3. Data collection and analysis: 

After the sample was defined and the study quality evaluated, data from the included studies 

were abstracted into an Excel-based literature review matrix for analysis and synthesis. The 

data abstraction was completed by two reviewers and verified by a third. The quality of 

evidence was evaluated with the American Association of Critical-Care Nurses Levels of 

Evidence. Studies assessed within the first four evidence levels (A, B, C, and D) were included 

in the review, while level M studies were excluded. Studies assessed as the highest level of 

evidence, or level A, include a meta-analysis of multiple controlled studies or meta-synthesis 

of qualitative studies with results that consistently support a specific action, intervention, or 

treatment. The next level, or level B, describes well-designed controlled studies, both 

randomized and non-randomized, with results that consistently support a specific action, 

intervention, or treatment. Then, level C studies are qualitative, descriptive, correlational, 

integrative reviews, systematic reviews, or randomized controlled studies with inconsistent 

results. Next, level D studies include peer-reviewed professional organizational standards, with 

clinical studies to support recommendations. Finally, level M are manufacturer 

recommendations. This leveling facilitated study comparison to identify the strongest evidence 

for clinical practice. 

 

3. Results: 

From the 453 papers included in the title review, the full texts of 43 studies were reviewed with 

34 studies excluded (Table. 1). The final sample of nine studies (Table. 2) met the CASP 

checklist threshold for inclusion. The complete sampling process is provided in the PRISMA 

diagram (Fig. 1). Most data extracted for this review originated from studies assessed at level 

C (n=7), with 1 study at level B and 1 at level D. The studies largely reported quality 

improvement programs with outcomes focused on care bundles with some addressing 

implementation strategies such as unit-based expertise in wound care and staff education with 

audit feedback. 

Table. 1: Studies excluded following full-text review 
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Author & Year Rationale for Exclusion 

Bergstrom et al. (2013) Single intervention study conducted in nursing homes. 

Black et al. (2012) Single intervention study conducted in a 12-bed cardiovascular ICU. 

Chaboyer et al. (2016) Sample of medical and surgical patients; no standard risk assessment, Braden 

scale not used. 

Chou et al. (2013) Single intervention comparative in three ICUs; Braden scale as a risk assessment 

was not a focus. 

Coladonato et 

al. (2012) 

Single intervention study with aggregated data; intervention not specific to ICU 

patients. 

Cooper (2013) Study reviewed the development of pressure ulcer protocols; not an intervention 

study. 

Cowan et al. (2012) Explored the use of the Braden scale and risk assessments; not an intervention 

study. 

Cox (2011) Risk assessment discussion without an intervention. 

Coyer et al. (2015) Before and after study design with control group, skin integrity bundle 

intervention; Braden scale not used. 

Dutra et al. (2015) Single intervention comparative study with dressing changes. 

Edger (2017) Single intervention comparative study conducted in the neonatal ICU. 

Estilo et al. (2012) Discussed the development of a protocol; not an intervention study. 

Evans et al. (2013) Discussed care bundles for pressure ulcer prevention for different clinical areas; 

not an intervention study. 

Flike (2013) A case study with the Braden scale, not an intervention study. 

Gillespie et al. (2014) Single intervention comparative review of repositioning and pressure ulcers; not 

limited to the ICU. 

Guihan et al. (2014) The study was primarily limited to the ICU; younger spinal cord injury patients 

admitted for severe pressure ulcers. 

Hall et al. (2016) Single intervention study focused on a turn-and-assist device and nursing time 

in the ICU; age was not discernible. 

Krupp et al. (2015) Literature review about the prevention and management of pressure ulcers in the 

ICU; not an intervention study. 

Mallah et al. (2014) Study included patients from medical–surgical, oncology, pediatrics, and ICUs, 

data aggregated, not detailed. 

Myers (2017) Single intervention study with heel protector and pillows; results are not separate 

by different types of units. 

Niederhauser et 

al. (2012) 

Primarily single and double intervention studies; one from an ICU setting in 

2008; data not reported specific to ICU. 
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Ozyurek & Yavuz 

(2015) 

Single intervention study comparing viscoelastic versus standard hospital foam. 

Park et al. (2017) Single intervention study comparing foam overlay and standard hospital 

mattress; multiple unit data aggregated. 

Ranzani et al. (2016) Study conducted in multiple ICUs but focused on pressure ulcer prediction; there 

was no bundled intervention. 

Smith et al. (2013) Single intervention study comparing standard hospital and synthetic linens; 

telemetry, urology, and ICUs. 

Tayyib & Coyer (2016) Adult ICU participants; focused on effectiveness of single strategies; risk 

assessment not specific to Braden Scale. 

Tayyib et al. (2016) Described implementation of a pressure ulcer care bundle measured in a 

companion study; not an intervention. 

Tescher et al. (2018) Cohort study of treatment using electronic records; not an intervention study; 

specific age groups not reported. 

Thorpe (2016) Single intervention study focused on dressings; Braden scale was not used. 

Twersky et al. (2012) Single intervention study conducted in a nursing home. 

Yap et al. (2011) Discussed nurse-led approaches to reduce pressure ulcers; not an intervention 

study. 

Yap et al. (2016) Discussed the process of cuing to facilitate staff pressure ulcer program 

implementation in a nursing home. 

Webster et al. (2011) Waterlow or Ramstadius assessments used in study; range of patients from the 

medicine and oncology units. 

Zuo et al. (2015) Discussed the development of an evidence-based care bundle; not an 

intervention study. 
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Figure. 1: PRISMA 2009 flow diagram 

3.1. Hospital acquired ulcer prevention programs with care bundles: 

In a systematic review comparing intervention effectiveness for a HAPU clinical practice 

guideline, Qaseem et al. [95) reported care bundles significantly improved skin care and 

reduced HAPU rates, with a cost savings of at least $3,000 per case. Similarly, Sullivan & 

Schoelles reported care bundles significantly reduced HAPU rates in 11 (42%), with a mean 

reduction of 82% (range 67% to 100%). For assessment within the care bundles, there was also 

no significant difference reported in diagnostic accuracy between the Braden, Cubbin and 

Jackson, and Norton and Waterlow scales. 

The single randomized controlled trial (n=140) was reported from Saudi Arabia. In this study 

researchers compared a care bundle (risk and skin assessments, skincare, nutrition, 

repositioning, and support surfaces) with a training program for the intervention group to 

normal care for the control group. HAPU incidence was significantly reduced in the 

intervention group (7.14%, 5/70 patients) when compared to the control (32.86%, 23/70 

patients). There was also significantly less stage I/II pressure ulcers, with no stage III/IV, 

development for the intervention group. Differences in care processes were also observed for 

repositioning (85% every three hours for the intervention group compared to 20% every two 

hours for the control group) and health protector application (97% for the intervention group  
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compared to 0% control group). Furthermore, a retrospective observational cohort study found 

there was a longitudinal impact of payment policies on the quality improvement interventions 

to prevent HAPUs. In this regard, Padula et al. observed hospitals adopting bundled 

interventions had a 27% reduction in HAPUs (-1.86 cases/quarter; p=0.002). The bundled 

interventions were attributed to changes in reimbursement policy, resulting in a 100% reduction 

in HAPU cases (-11.32 cases/quarter, p<0.001). 

3.2. Unit-based wound care expertise: 

Three studies reported pressure ulcer prevention bundle implementations with the inclusion of 

a wound, ostomy, and continence (WOC) clinician and/or skincare champion. In a pre- and 

post-intervention design, Cano et al.  Evaluated a multidisciplinary HAPU quality improvement 

program with an evidence-based protocol, staff education, WOC nurse, and environment of 

care improvements such as new inpatient support surfaces. The prevalence decreased from 

11.7% (stage 2 to 4 ulcers) to 2.1% after program implementation. As the prevalence rose to 

5.1% across several quarters, an additional staff education resulted in the continued reduction 

to 2.8% for 10 consecutive quarters. The program with evidence-based practices, protective 

products, and staff education reduced the HAPU risk in the short-term, and repeated staff 

education resulted in the sustained reduction. 

In a quasi-experimental pre- and post-intervention study, Anderson et al.  Compared a universal 

pressure ulcer prevention bundle and semi-weekly WOC nurse rounds with standard care in a 

sample of ICU patients (n=327). While the prevention bundle included the same components 

as the standard care, the interventions differed in length, complexity, number of interventions, 

and accessibility. Statistically significant differences were observed between the two groups for 

the pre- and post-intervention results specific to repositioning and elevation of heels for the 

prevention bundle group. The prevention bundle with expert unit-based wound care was most 

effective in reducing the HAPU risk. 

After experiencing a 27% HAPU prevalence, Kelleher et al.  Implemented a 36-month quality 

improvement program in a 17-bed surgical ICU. The average patient age for HAPUs was 57.9 

± 16.7 years, with a mean Braden scale score of 13 ± 1.2 (range, 9-17). The underpinning of 

the intervention was monitoring Braden subscale scores. Also, peer-to-peer interactions, skin 

care champion, and a WOC nurse were incorporated to facilitate teamwork and to provide unit-

based expertise. During the implementation phase, prevention surface utilization increased 

92%, repositioning increased 30%, nutrition assessments increased 77% and moisture 

management increased 100%. 
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3.3. Staff education with audit feedback: 

From a systematic review of interventions, Sullivan & Schoelles reported successful quality 

improvement programs with care bundles reporting reduced HAPU risk almost always included 

staff education (25/26 studies) and frequently included staff feedback from audits (12 of 26). 

In addition, Swafford et al. assessed the effectiveness of a year-long HAPU prevention program 

in an adult ICU, including the Braden scale, revised skin-care protocol, fluidized repositioners, 

silicone adhesive dressings, and face-to-face staff education.There was a 69% reduction in 

HAPUs at the end of the program (45 HAPUs among 10% of patients before and 17 ulcers 

among 3% of patients after). The authors reported staff education with performance feedback 

positively contributed to the program outcomes. Similarly, Armour-Burton et al. reported a 

multidisciplinary healthy skin project eliminated HAPUs in a surgical progressive care unit 

(mean of 4.85% to 0% for 17 quarters). The key intervention strategies were staff education, 

unit based WOC nurse, risk assessment (Braden scale) with the normal care (skin assessments 

and repositioning, specialty mattresses and dressings, and nutrition support). Finally, 

Kelleher et al.  Attributed the elimination of HAPU (from a mean of 27% to 0% for three 

consecutive quarters) to enhanced education and feedback provided by a WOC nurse. Overall, 

quality improvement programs with multidisciplinary participation, structured education, and 

adherence to evidence-based protocols resulted in significant HAPU reductions. 

 

4. Discussion: 

Critically ill people hospitalized in the ICU are more likely to develop a HAPU than other 

hospitalized people. Older adults are more significantly at risk for serious HAPUs with a more 

problematic ulcer profile in terms of prevalence, stage, and location. As people with HAPUs 

have more complications, such as pneumonia and renal failure, programs often focus on 

achieving cost reductions based on reforms in hospital reimbursement rather than clinical 

outcomes. Despite evidence indicating the hospitals are responding to the reimbursement 

problem with quality improvement initiatives with evidence-based strategies to identify high-

risk patients to prevent ulcer development, program comparison has been obstructed by the lack 

of uniformity in terms, inconsistent concepts, and dissimilar measurements. 

The quality of evidence was substantially limited by the mostly single site quality improvement 

study designs. However, programs incorporating care bundles have been reported to be more 

effective than single interventions in reducing HAPUs in multiple studies. The care bundle  
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Benefits seem to be derived from the synergy created by the different interventions. For 

example, including a sub epidermal moisture measurement in a care bundle results in the 

identification of early skin damage four days sooner than a nurse assessment. This is why care 

bundles have been described as the standard of care to prevent HAPUs. 

With the care bundles, there are many other changes to note about program effectiveness. In 

addition to care bundles, hospitals reported educating and training staff, revising assessment 

protocols, enhancing wound documentation, implementing quality audits with feedback for 

staff, adopting the Braden scale, and redesigning reporting processes are also important 

strategies to reduce HAPUs. As the practice setting can influence nursing decisions, the 

effective programs incorporated teams facilitating the mutual support between nurses and other 

professionals. Multidisciplinary team success resulted from planned collaboration and effective 

communication. This may explain the missing relationship between years of practice experience 

and academic preparation with care bundle adherence. Critical care nurses are often skin care 

‘champions’, while WOC nurses, dieticians, and physical therapists are supportive team 

members. 

4.1. Strengths and limitations: 

There are six limitations for this systematic review which also serve as recommendations for 

future researchers. First, there was only one study representing the highest levels of evidence. 

As most PU prevention interventions were designed as single site quality improvement projects, 

the study design was primarily before-and-after. Second, the scope of this review was limited 

to bundled interventions incorporating the Braden scale. This limitation strengthened the review 

by comparing studies using the same risk assessment with similar interventions. However, 

studies with stronger evidence but not incorporating the Braden scale could have been excluded. 

Third, two systematic reviews were included in this review as they addressed complex 

interventions, care bundles, and organizational features for program implementation, such as 

staff education. However, the results clearly state the context of these reviews to minimize the 

potential for bias when weighing the evidence. Fourth, methodological heterogeneity was 

observed with fundamental differences in study designs, prevalence and incidence reporting, 

and data collection methods that limited the systematic comparisons for a more robust synthesis. 

In this regard, standards for measuring and reporting need to be implemented to facilitate more  

Opportunities for comparative HAPU prevention research. Fifth, the largely positive study 

results observed in this review may be attributed to publication bias. Finally, the sample of 

studies were primarily reported from the United States which might limit the generalizability 
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of the findings. Despite these limitations, this review addresses a wide gap in the literature 

specific to HAPU prevention programs and the outcomes of older adults hospitalized in the 

ICU. This review provides important knowledge to guide the development of replicable quality 

improvement projects with similar research designs, variable definitions, and intervention 

strategies. 

 

5. Conclusion: 

Most HAPU reduction programs are implemented as quality improvement studies with a 

before-and-after design in a single ICU. However, the available evidence suggests early 

identification of pressure ulcer risk factors with rapid implementation of mitigation strategies 

in the form of care bundles reduces HAPUs and decreases health care costs. The Braden scale 

was most widely used risk assessment and reported to have the highest predictability in ICUs. 

The most effective programs incorporated care bundles with multidisciplinary teams, education 

and training, unit based wound care expertise, and audit feedback to clinicians. There is a lack  

of multicenter research studies with robust experimental designs using standardized processes, 

recognized measurements, and uniformed reporting strategies. Randomized controlled trials are 

essential for evaluating care bundle efficacy and organizational process effectiveness across 

ICUs. 
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