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A B S T R A C T   

Objectives: The aim of this research was to identify “what” key design elements of a device for detecting hospital 
acquired pressure injuries should do and “how” these elements should function. The goal of the resulting design 
was to prompt intensive care unit nurses to intervene appropriately to reduce the incidence/severity of pressure 
injuries, while minimizing workflow disruptions. 
Methods: A mixed method study was performed in an intensive care unit, which included shadowing, inter
viewing, surveying and conducting focus groups with individuals knowledgeable about pressure injuries and 
related patient care. This study focused on identifying and prioritizing the needs/wants of nurses regarding 
devices aimed at detecting hospital acquired pressure injuries. These needs were then used as the foundation for 
designing key elements of such a device. 
Findings: Intensive care nurses indicated that a device for the early detection of pressure injuries should 
communicate information as real-time summaries about the severity of a skin issue in an easy-to-understand 
manner and provide reminders for them to take action when needed without unnecessarily interrupting their 
workflow. 
Conclusion: The findings regarding nurses’ needs will be useful for the future development of technologies/de
vices that help reduce the incidence/severity of hospital acquired pressure injuries. In turn, nurses may be more 
likely to use such a device to enhance patient care.   

Introduction 

While largely preventable, world-wide pressure injury prevalence in 
adults is 26.6% (Labeau et al., 2021); hence, pressure injuries continue 

to be a major problem in health care (Edsberg et al., 2014, Gaspar et al., 
2019). In addition to being extremely painful, expensive to treat, and 
potentially fatal due to the risk of serious infection (Berlowitz et al., 
2014), the occurrence of hospital acquired pressure injuries (HAPIs) 

Implications for clinical practice   

• By participating in shadowing, interviews, surveys, and/or focus groups, nurses can share their needs to help inform both “what” key design 
elements of a medical device should do and “how” these elements should function.  

• Nurses prefer that information is communicated through real-time summaries about the severity of an issue in an easy-to-understand manner 
and reminders are provided for them to take action when needed without unnecessarily interrupting their workflow.  

• When nurses’ needs are used as the foundation for designing the key elements of a new device, nurses may be more likely to adopt and use the 
device because the device would fit into their current workflow.   
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reduces clinical institutions’ healthcare quality ratings and exposes 
them to substantial financial losses from non-reimbursable treatment 
costs and lawsuits for wrongful injury or death (EPUAP/NPIAP/PPPIA, 
2019). For example, the annual cost of HAPIs are estimated at up to USD 
$26.8 billion in the U.S. (Padula and Delarmente, 2019), GBP£502-578 
million in the UK (Guest et al., 2020), and AUS$983 million in Australia 
(Team et al., 2020). 

Given their underlying pathophysiology and patients’ likelihood to 
be immobile, pressure injuries are especially common in intensive care 
units (ICUs) (Coyer et al., 2017). The standard for clinicians to identify 
early signs of skin damage is using risk assessment tools, including the 
Braden scale (Bergstrom et al., 1987, Braden and Maklebust, 2005), 
Waterlow scale (Waterlow, 1985, Waterlow, 2005), and Norton scale 
(Norton et al., 1962, Goldstone and Goldstone, 1982). Though visual 
skin assessment can identify subdermal tissue damage, it cannot prevent 
it (Gefen and Gershon, 2018); to this end, periodic repositioning of pa
tients is recommended (Gillespie et al., 2020). However, nurses often 
report not repositioning patients regularly due to heavy workloads, staff 
shortages, and lack of training/knowledge (Mirshekari et al., 2017, Etafa 
et al., 2018, Coyer et al., 2019, Khojastehfar et al., 2020, Bergman et al., 
2021, Hu et al., 2021). 

In addition to active repositioning strategies, pressure injury pre
vention is often aided by devices such as support surfaces (e.g., mattress 
replacement or overlays), prophylactic/foam dressings, and positioning 
devices (Alves et al., 2019, Gaspar et al., 2019). Additional prevention 
efforts involve implementing care bundles (Tayyib et al., 2016, 
Richardson et al., 2017, Anderson, 2018), but to be most effective, 
bundle elements must be delivered continuously, as a cluster, and 
through collaboration between multiple healthcare practitioners from 
different disciplines (Zuo and Meng, 2015). Reminders at the point of 
care, such as on-screen reminders about a patient’s risk of developing 
pressure injuries, were also found to be effective in reducing their 
incidence (Sebastián-Viana et al., 2016, Arditi et al., 2017, Gunningberg 
et al., 2018). 

A newly developed, promising strategy in support of pressure injury 
management is the use of medical device technology. Currently, the only 
U.S. Food and Drug Administration authorized pressure injury man
agement tool is a sub-epidermal moisture scanner, which has been 
shown to reduce the incidence of pressure injuries by 80% or more 
(Bryant et al., 2021, Nightingale and Musa, 2021). Additional research 
has explored the use of wireless, fabric-based pressure sensor arrays 
(Chung et al., 2013) and conductive fiber sensors that measure pressure 
and sweat volume (Tsuda et al., 2020). There is also research investi
gating the effect of prolonged pressure on sacral tissue using a wearable, 
non-invasive skin patch based on near-infrared spectroscopy that is able 
to monitor alterations in superficial and deep tissues alike in real-time 
(Day and Pollonini, 2020). 

While such technologies may help reduce the incidence/severity of 
pressure injuries, developing acceptance for the use of such devices 
among clinicians is a major issue (West, 2020), particularly in the ICU 
where nurses’ workloads are significant (Mohammadi et al., 2015, 
Hoogendoorn et al., 2021). To help address issues related to the adop
tion of medical devices, this research utilized a mixed methods study 
(Creswell and Plano Clark, 2018) to investigate “what” key design ele
ments of a device for detecting HAPIs should do and “how” these ele
ments should function to achieve the ultimate goal of prompting ICU 
nurses to intervene appropriately to reduce the incidence/severity of 
pressure injuries, while minimizing workflow disruptions. The findings 
of this research are of interest for the future commercial development of 
HAPI detection devices. 

Methods 

Under the umbrella of a mixed methods study (Creswell and Plano 
Clark, 2018), this investigation utilized the Design for Six Sigma (DFSS) 
methodology, which is a systematic approach for building robustness 
and high performance into the design of products and processes (Yang, 
2005, Hasenkamp, 2010, de Mast et al., 2011, Pyzdek and Keller, 2014). 
Following this approach, both qualitative and quantitative data were 
collected. As shown in Fig. 1, the needs/wants of ICU nurses were 
identified through consented shadowing and interviews, and this in
formation was then prioritized through a survey. The sub-set of the most 
important needs was used to guide the design of how a device for 
detecting HAPIs should communicate actionable patient information to 
ICU nurses. This involved brainstorming sessions to develop design 

Fig. 1. Steps utilized following the DFSS approach.  
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ideas; then feedback obtained from focus groups was used to refine and 
select the final design. 

Setting and sample 

Research participants consisted of individuals within the nursing 
profession knowledgeable about pressure injuries and related patient 
care, such as ICU nurses, wound, ostomy, and continence (WOC) nurses, 
ICU nurse managers, etc., including men and women aged 18–64 across 
all races. Anyone not knowledgeable about pressure injuries and related 
patient care, based on their work experience, was excluded from this 
study. Some of the same participants took part in multiple data collec
tion procedures (i.e., shadowing, interviews, etc.). Other participants 
took part in only one data collection procedure. All data collection 
procedures were facilitated by the researchers. 

A list of more than 25 individuals from Houston area medical in
stitutions that participated in a prior, related study (part of the National 
Science Foundation’s Innovation Corps program) was utilized to solicit 
participants. Two medical institutions in the Houston area agreed to 
participate in this study. These institutions provided contacts for shad
owing, interview, survey, brainstorming, and focus group opportunities. 

Ethical Statement 

This study was approved by the Institutional Review Board 
(STUDY00001764), known as the Committee for the Protection of 
Human Subjects, at the university where this research was performed. 
Consent was obtained from all research subjects prior to their 

participation in this study, and all work was carried out within the 
ethical standards set forth in the Helsinki Declaration. 

Data collection and analysis 

Shadowing and interviews 

One ICU nurse from each of the two participating institutions was 
shadowed for one 12-hour shift. Researchers observed the work per
formed by the ICU nurses and took notes regarding the activities in their 
typical workday. Separately, interviews were conducted with ICU nurses 
to identify their needs regarding how a device for detecting HAPIs 
should communicate actionable patient information to them. Invitations 
to participate in interviews were sent to 17 ICU nurses, of which eight 
agreed to participate (47% response rate). On average, interviews took 
40 min and were conducted via phone prior to or following a nurse’s 
shift (i.e., off duty time). 

During interviews, nurses were asked how they would use early 
detection of HAPI information, what they liked/disliked about current 
communication methods, and what suggestions they had to improve the 
communication of actionable patient information. Data collection ended 
once interviews reached saturation (i.e., further interviews led to very 
few, if any, new responses). Interview responses were translated into 
need statements that described “what” key elements of a device for 
detecting HAPIs should do, not “how” it should operate. Translation of 
interview responses into needs statements paid particular attention to 
preserving the original meaning/sentiment of the ideas expressed by 
interviewees. 

Fig. 2. Excerpt of translated needs of ICU nurses based on interview responses.  
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Prioritization survey 

The most frequently occurring need statements from ICU nurses’ 
interview responses were included in a prioritization survey, which 
asked respondents to indicate, using a 5-point scale, how important each 
statement was when considered as a feature or attribute of a device for 
detecting HAPIs. This survey was administered to 70 participants, of 
which 55 completed the survey (79% response rate). Survey results were 
analyzed using descriptive statistics and need statements that received a 
median score of 5, indicating that at least 50% of respondents rated the 
item as critical, were identified as the top-rated needs. 

Brainstorming and focus groups 

To obtain ideas regarding how to fulfill the top-rated needs identified 
through the survey, notes taken when shadowing ICU nurses and re
sponses to the last interview question were mined. Literature was also 
searched to identify approaches used in other industries (i.e., telecom
munications, energy, oil and gas, etc.) to communicate system moni
toring information to employees. Additionally, brainstorming sessions 
were held with three participants who were asked to think of possible 
ways for a device to communicate early detection HAPI information to 
ICU nurses that addressed one or more of the top-rated needs. 

Preliminary design ideas obtained to this point were organized into 
affinity groups and unique design options were created by combining 
various features from different groups. To obtain feedback regarding 
these designs, a focus group consisting of three participants was held. 
Following detailed descriptions regarding each option, focus group 
participants were asked what they liked/disliked about each design 
option and what features they would add/remove for each option. This 
feedback was used to combine and revise aspects of the preliminary 
design options to create more detailed designs. 

To select the final design, an additional focus group was held. 
Following comprehensive descriptions regarding the detailed design 
options, four participants were asked to evaluate each design in terms of 
how well it fulfilled the selection criteria (i.e., top-rated needs/features). 
For each criterion, participants individually rated each design option 
using a 3-point scale. Scores were calculated by summing ratings down 
each column, and grand totals were calculated by summing participants’ 
scores for each design. The option with the highest total was identified 
as the final design. 

Findings 

An excerpt of ICU nurses’ responses from interviews and corre
sponding translated need statements is shown in Table 1. The translation 
of interview responses resulted in 66 unique need statements, an excerpt 
of which is shown in Fig. 2. Examples of need statements include 
“supports the use of visual signals/colors to communicate and differ
entiate information,” “aids in repeatedly reminding the nurse to take 
action,” and “reduces the chance of nurses developing alarm fatigue.” 

As shown in Fig. 3, the survey to prioritize ICU nurses’ needs 
included 18 statements reflecting the most frequently occurring need 
statements based on interview responses. Analysis of survey responses 
indicated six needs (denoted in gray in Fig. 3) had a median score of 5 
indicating that at least 50% of respondents rated the item as critical. The 
top-rated needs included communicating information about a patient’s 
skin condition 1) at-a-glance (quickly, all in one place), 2) in real-time, 
3) with minimal workflow interruption, 4) in an easy to understand, 
straightforward manner, 5) to trigger/remind nurses to take action, and 
6) to identify the severity of the issue. 

Fig. 4 depicts the 38 preliminary design ideas obtained from all 
sources. Combining ideas from different affinity groups resulted in the 
development of six unique design options. Using the feedback obtained 
from focus groups regarding preliminary design options, two detailed 
designs were created. Based on the evaluation of each detailed design 
against the selection criteria, which is shown in Table 2, design “Alpha” 
(described in the following section) was identified as the best option. 

An example of one of the six unique preliminary design options, 
“Option A,” is denoted by bold boxes in Fig. 4. This design includes 
displaying pressure injury information on existing monitors at the 
bedside and in the corridor. That is, this information would be displayed 
in a separate area/box on the monitors using brief text and large font 
that will be color-coded to indicate the severity of the patient’s skin issue 
(i.e., green – normal, yellow – abnormal/warning, red – critical). 
Additionally, the border of the area/box on the display will be color- 
coded (to match text) and flash to indicate warnings/critical situa
tions, and a timer will indicate how long these situations have been 
present. Once the issue is resolved/pressure is reduced, notifications will 
automatically be dismissed (i.e., displays return to green with the timer 
no longer displayed). 

In addition to the features included in “Option A,” the best option, 
design “Alpha,” includes features that will be integrated with a facility’s 
electronic medical record (EMR). All data collected from the HAPI 

Table 1 
Example responses and interpreted needs from interviews with ICU nurses.  

Question Response Translated Need Statement 

How will you (ICU nurses) use actionable patient information about 
the early detection of pressure injuries? 

Depending on the severity of the skin issue, the nurse 
decides what to do. 

Provides information about severity of skin issue. 
Triggers nurse to take action.  

What do you like about current communication methods? Nurses can see patient information at-a-glance on 
monitors. 

Provides patient information at-a-glance. 

Using color coding helps easily identify the patient’s 
condition. 

Supports the use of visual signals/colors to 
identify the severity of skin issues.  

What do you dislike about current communication methods? Too many alarms and beeping can cause alarm fatigue for 
nurses. 

Utilizes other methods to alert nurses instead of 
sounds/alarms. 
Reduces the chance of nurses developing alarm 
fatigue.  

Suggestions for how to improve communication of actionable 
patient information? 

It is okay if the device produces a sound, but not in a way 
that is too annoying or persistent. 

Minimizes use of annoying alarm sounds. 
Minimizes use of persistent alarm sounds.  
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detection device will be stored in the EMR. When ICU nurses log-in to a 
patient’s EMR, they will see a body avatar (available in both posterior 
and anterior views) with color-coded indicators that represent the 
location of the devices on the patient and severity of the patient’s skin 
condition (using green, yellow, and red color-coding). As needed, 
clicking an indicator will allow ICU nurses or others to see a visual 
representation of skin pressure information as a simple line/trend graph, 
two or three-dimensional contour map, and/or a time-based animated 
graphic like a weather radar display, for example. 

Pop-up windows will also be used in the EMR to signal warnings/ 
critical situations that correspond to changes in color-coded displays on 
the patient’s bedside monitor. Pop-up windows will include a timer to 
indicate how long the alert has been active and provide options to 
snooze or dismiss the alert or request help. For accountability and later 
review, all actions in the EMR will be recorded, such as the number of 
times an alert is snoozed. Snooze length options, as well as total number 
of snoozes allowed, will be configured based on the policies/practices of 
the facility in which the HAPI detection device is being implemented. 

Finally, selecting “request help” will send a notification to the nurse 
station to alert others that help is needed in a specific patient’s room. 

Discussion 

One might argue that the findings of this research are somewhat 
obvious and could have been developed without this type of study (Sligo 
et al., 2017). However, this investigation provides information that 
confirms the critical needs/wants of ICU nurses that should be consid
ered when designing devices that ICU nurses will use (Holden and Karsh, 
2010), such as for detecting HAPIs. Unlike prior research that collected 
feedback from ICU nurses only when testing a new device (Gunningberg 
et al., 2018), this study utilized information about ICU nurses’ needs as 
the foundation for designing key elements of a device so that the device 
would fit into the current nursing workflow (Waterson et al., 2013). For 
example, the design developed through this research utilizes visual 
signals (e.g., color-coded/flashing displays, pop-up windows) to indicate 
warnings/critical situations instead of audible alarms, which addresses 

Fig. 3. Users’ needs’ prioritization survey (with features denoted in gray that had a median score of 5 indicating that at least 50% of respondents rated the item 
as critical). 
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issues with alarm fatigue (Cho et al., 2016). It also capitalizes on 
teamwork within ICUs (Donovan et al., 2018) by providing a way for 
nurses to request help from others, as needed. 

Limitations 

Limitations of this research include that data were collected from 
subjects working at just two Houston area medical institutions, and 

aspects of this study relied on small sample sizes for interviews, focus 
groups, etc. While this research strived to reach saturation with respect 
to data collection efforts, larger sample sizes and/or the inclusion of 
subjects from additional facilities may have led to different results; 
hence, the findings of this study may not be generalizable to all 
healthcare settings, especially given that this research focused on the 
ICU environment. 

Fig. 4. Preliminary Design Ideas (with example of one design option denoted by bold boxes).  

Table 2 
Evaluation of detailed design options (with selected design option denoted in gray).  

P – Participant; Scale: 1 – Does not fulfill criteria; 2 – Fulfills criteria; 3 – Exceeds expectations for criteria. 
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Conclusion 

The literature describes many technologies being investigated to 
help prevent the incidence/severity of HAPIs (Scafide et al., 2020). In 
support of this, the findings regarding ICU nurses’ needs identified 
through this research will be useful for the development of such devices. 
For example, to support the adoption of new medical devices in clinical 
settings, in addition to the device providing meaningful information, 
developers also need to establish ways for the devices to communicate 
actionable patient information to clinicians. No matter how well the 
device works, if the information it provides is not presented in an 
intuitive way and/or is not integrated within their current workflow, 
clinicians are not likely to use it (Holden and Karsh, 2010, Waterson 
et al., 2013). To address this issue, this research used the needs of ICU 
nurses as the foundation for designing key elements of a device to detect 
HAPIs, which fits into the current nursing workflow. 
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