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Chronic wounds cost the Canadian health-care
system approximately $12 billion per year.! These
costs include directs expenses, such as dressings and
wound care materials, as well as indirect costs borne
by patients." Indirect costs encompass out-of-pocket
expenses due to the inability to perform domestic
tasks, loss of income from reduced work capacity
and welfare or disability payments provided by the
government or insurance companies.!

Chronic wounds significantly impact activities of
daily living (ADLs), making life more challenging
for affected individuals. They may require more
frequent health-care visits for assessments and
interventions due to longer healing timeframes. This
can be especially burdensome for those living in
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underserved communities, where access to care is
limited.

A relationship also exists between quality of life
and chronic non-healing wounds.? According to a
paper published in Wounds International, chronic
wound patients often experience poor quality of life,
as multiple areas of their lives are compromised.?

One study that conducted an assessment on
chronic wound patients using the Wound Quality
of Life (Wound-Qol) and Freiburg Life Quality
Assessment (FLQA-WKk) found that values for patients
with chronic wounds were below average.® The total
quality of life value was 37.50/100 (Wound-Qol) and
44.20/100 (FLQA- WKk).2 Pain is consistently identified
as one of the most common and disabling symptoms
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related to quality of life.? It can lead to issues such as
mobility, sleep disorders and loss of employment.?
A major question that remains is which
populations are a higher risk of developing chronic
wounds. Chronic wounds, specifically venous
leg ulcers, have been found be more prevalent
in lower socioeconomic classes. Factors such as
socioeconomic status includes marital status,
employment, income, social security benefits and
housing, have direct effects on wound-healing
processes.* A study conducted in patients with
venous leg ulcers concluded that being single, being
of a lower socioeconomic status and having a lack
of central heating in the home led to significantly
prolonged wound healing or lower likelihood of
healing at 12 weeks follow-up.*

Remote And At-risk Communities
The health-care needs of Indigenous peoples are of
particular concern. Between 2017 and 2020, reports
indicated that a significantly higher percentage of
First Nations peoples living off-reserve (20.3%), Métis
(17.9%) and Inuit (56.5%) lacked a regular health-
care provider compared to their non-Indigenous
counterparts.®

Indigenous communities have been cited in the
literature as having a higher risk of developing
diabetic foot complications, including foot ulcers,
amputations and peripheral arterial disease.®
Diabetes is a large issue within Indigenous
communities, as people are affected at a rate
which is three to five times higher than the general
population.® Among individuals with diabetes,
34% will develop a diabetic foot ulcer (DFU) in
their lifetime, which can cause significant disability,
diminish quality of life and increase the risk of
premature death.®

Lower limb amputations are a critical concern,
with research showing that DFUs precede 85% of
these cases.” Additionally, 60% of all lower limb
amputations occur in individuals with diabetes.’”

The town of Sioux Lookout Northwestern Ontario
is home to 30,000 people and serves 33 remote
Indigenous communities, where the documented
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rate of diabetes is approximately 25% of the
population.® The amputation rates in the town

are four to seven times higher than the provincial
average. The nearest vascular surgeon program is in
Thunder Bay, 393 km away, which is equivalent to a
five-hour drive or a two-hour flight.

Patient Empowerment In Wound Care

Patient empowerment can be defined as a process
in which patients can understand their role in their
health care, and where they are given the required
knowledge and skills demonstration by their health-
care providers to perform a task in an environment
that recognizes community and cultural differences
and encourages patient participation.® Empowering
patients is crucial in chronic wound management, as
it enables them to take an active role in their care.

There has been an emerging trend of the adoption
of technology for patient empowerment. For
example, smartphone apps are now being designed
to empower patients to contribute towards safer
surgical care."® The successful implementation of
smartphone apps within clinical practice can lead to
improved treatment options, as they can encourage
behaviours such as patients being more involved in
their care conversations and increased awareness of
safety-related behaviours.””

A study done by Keegan and colleagues involved
patients who were trained to use a mobile app to
obtain weekly-at-home scans during regular dressing
changes." The results proved that remote wound
monitoring could enhance patient engagement, with
a 94% satisfaction rate and early intervention in 36%
of the cases." Many of the participants in this study
noted that they felt more involved in their wound
care, more responsible for their health, and had
increased access to health-care services."

Applications Of Digital Tools In Wound Care
The use of digital tools has been previously applied
to the wound care space. The Photographic Wound
Assessment Tool (PWAT) has been validated as

an instrument to determine ulcer status wound
imaging and has been included as an educational
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tool for wound care clinicians.”? Smart devices (e.g.,
phones, tablets) continue to increase the quality
and resolution of their built-in cameras, with some
including built-in 3D scanners. These devices are
becoming widely adopted by patients and in the
workplace, making wound imaging more feasible.

Using the PWAT system, clinicians can assess the
following features all graded between zero and
four with a higher total score indicating wound
deterioration:”

+ Size

+ Depth

+ Necrotic tissue type

+ Total amount of necrotic tissue

« Granulation tissue type

« Total amount of granulation tissue

« Edges (directly touching and within 0.5 cm of
the wound edge)

+  Peri ulcer skin viability.

While the PWAT system remains clinically valuable
for remote wound assessment, artificial intelligence
(Al) and computer vision (CV) have the potential
to transform how clinicians and patients can use
digital imaging to support wound care. Digital
wound imaging can use Al to automatically identify
and measure a wound. Studies of several software
applications that provide wound measurement have
found high rates of accuracy and inter- and intra-rater
reliability."* Al can also facilitate the rapid analysis of a
vast array of wound images, working in combination
with intelligent algorithms and
extensive databases to accurately
identify, classify, and predict tissue
characteristics.” One paper was
able to demonstrate a strong

Share your wound info
in your own time

correlation between a machine m

learning model’s PWAT score and _

the clinician’s PWAT score.!®
Wound healing can also be

predicted, as proposed by oessmgcuse 8

Telemedicine Based Wound Tissue
Prediction (TWTP), which uses linear
discriminant analysis to classify
tissue types.” This has been proven

Simplified Interface

to achieve a prediction accuracy of 91.45%, thereby
being applicable in the remote diagnosis of chronic
wound healing statuses.”

A home health region in Ontario implemented a
digital wound management solution (DWMS)
inter-professional remote wound care, which
included the ability for patients to collect images.
The mobile application (Swift Skin & Wound, Patient
Connect, Toronto ON) uses CV technology to
automatically focus and calculate wound dimensions
from images taken within the mobile app. Additional
features are also captured in the application, such as
healing-associated metrics, wound-bed information,
anatomical location and patient identifiers. Through
remote collaboration using the DWMS, the region
was able to improve healing, reduce home health
readmission and reduce wound care costs.”

DWMS have been around for over a decade,
however, until recently, DIWMS were focused on
the clinician. Shifting the emphasis to the patient
requires a simplification of the user interface
and careful design of the experience to support
patient adoption. Figure 1 shows an example of a
clinician application, which has options for detailed
documentation of the wound’s size, appearance and
analysis of progress. For the patient application, a
streamlined interface, embedded training videos on
wound imaging, educational material on dressing
changes and low literacy level questions are available
during the process.

Patient Connect Swift Skin & Wound

etailes
Docum

Figure 1: Digital Wound Management Solution. Patient facing interface with simple
language and documentation interface (left) and Clinician Interface with detailed wound

care documentation and analysis (right).
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A feasibility study included patients with diabetic 1. Technology Literacy: Some patients were

ulcers, venous ulcers, pressure ulcers and post- hesitant to use digital applications due to low
surgical wounds who were recruited and trained to technological literacy, despite having access to
use the Patient Connect App developed for wound the internet.
imaging and secure data sharing with health-care 2. Application Usability: Challenges were
team members.”® Throughout the study, the 28 noted, particularly among elderly patients with
participants captured a median of 13 images per diabetic foot ulcers. Many expressed a need
wound and achieved an 80% wound closure rate.’® for educational tools on foot care and infection
As highlighted in the study, remote monitoring prevention.
fostered patient engagement through weekly 3. Feasibility of Wound Imaging: Patients
assessments, while remote follow-ups proved generally lacked a habit of taking wound photos,
beneficial in reducing patient anxiety.”® Additionally, as clinicians typically handled this during visits.
clinicians reported that the system enhanced their 4. Social and Physical Support: Many patients had
confidence in delivering care remotely.” difficulty in taking wound images due to visual
impairments or physical disabilities. Support
General Attitudes Towards from family members was crucial for wound care.
Patient-Owned Surveillance Retinopathy is a complication of diabetes which
When implementing remote wound care monitoring, is present in 22.7% of the diabetic population
it is essential to consider the unique needs of specific globally, further underscoring the need for social
patient populations. Capturing images of patient assistance for wound imaging.?? These themes
wounds may be a sensitive subject. A majority (81%) can be considered in the patient education in
of patients studied at an outpatient wound clinic support of adopting digital wound monitoring.
in Toronto reported photographing their wound The feasibility study on patient adoption used
increased their ability to track their wound progress build-in education within the application, and
and 58% percent felt more involved in care.” teaching was facilitated by the clinician having
Another paper from Montreal reported positive the patient capture an image while still at the
feedback from the use of a patient application for ambulatory clinic (see Figure 2).

wound monitoring due to the decrease in travel

requirements and objective

data captured by the : T : : S
patient wound imaging
application. However,
successful adoption
requires thoughtful
implementation.?

Lo and colleagues
conducted a qualitative
study on patient-owned
surveillance systems
in patients with DFUs,
identifying four key

0.57 cm? 0.69 cm? 0.48 cm? 0cm?

St oo B St o U L S ke A ke B St A U B

themes.” Figure 2: Digital Wound Management Solution imaging of a post-surgical wound. Each image identifies
who captured the image and the amount of time from the first date of evaluation.
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Although digital wound imaging and patient
captured images are more feasible. Wound care
clinicians need to consider how the technology fits
into their practice to support efficiency and drive
improved outcomes.

Logistics Of Care

It was concluded from the Lo and colleagues'
study that patients, carers and their health-care
practitioners had a positive attitude towards a
patient-operated imaging system.?!

Some patients acknowledged that remote
monitoring saved time and reduced costs,
particularly during the COVID-19 pandemic.”
However, some preferred in-person consultations,
believing they would receive better care.”!

During the COVID-19 pandemic, a crucial response
involved postponing or transitioning wound care
appointments to telephone consultations.?* To
limit exposure, it was recommended by the Wound
Healing Society that the frequency of wound
dressing changes decreased and caregivers and
patients undertaking interval dressing applications
was encouraged.? Initially, there were concerns
about the challenges involved in educating patients
on the proper technique.” However, resources
were made available, such as a self-education tool
from Wounds Canada available for downloading
and printing out as a handout.? These digital
resources can support clinicians to implement patient
empowerment programs supported by evidence-
based resources.

Remote wound care monitoring was also tested in
the Virtual Wound Care Command Centre (VWCCC) in
Australia.”® All patients who participated in this study
reported high satisfaction with their wound care,
with 86.4% of patients recommending the VWCCC to
other patients.?

Potential savings due to reduced travel was
mentioned in this study.® Participants within
Metropolitan Sydney potentially saved an average
distance of 20.5 km, travel time of 54 minutes and
travels costs of SAU 6.37 for a single visit. For those
who lived in regional New South Wales (NSW), the
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mean travel savings were 260 km, 3.1 hours, and
SAU 38.02.%

The greatest savings by far were for those accessing
wound specialist services remotely, with a single visit
costing a mean of 638 km, 8.6 hours of travel time,
and $AU 99.65 in fuel costs.'®

This thereby support the notion that remote
wound care monitoring can address indirect costs to
patients while also enhancing patient satisfaction.

Future Research

The current availability of smart devices provides

a confluence of digital imaging and internet
connectivity making wound imaging more feasible
for patients living with wounds. Barriers need to

be addressed including how to securely capture
data and communicate with patients in a privacy-
compliant way. The studies mentioned in this paper
highlight the growing number of applications being
made for adoption within clinical practice. While
there are positive indicators for this area for patient
acceptance and usability, larger studies and quality
improvement initiatives are needed to understand
the impact on health-care systems, such as improved
healing rates, lower wound reoccurrence and
reduced complications.

Beyond outcomes, research wound care clinicians
need to continue to work with machine learning and
data scientists. Increasing image capture will result
in more data. Machine learning and other forms of
Al can help to analyze and triage images for health-
care providers. With limited health human resources,
wound care clinicians need to partner in the design
of technology to meet the challenges of managing
chronic wounds.

Patient Empowerment In The Context Of
Remote Wound Monitoring

To conclude, patient empowerment in the context

of remote wound monitoring is certainly a viable
option as a part of management planning. Al and CV
can enhance monitoring strategies, as they are useful
to collect relevant data such as healing-associated
metrics, wound-bed information and anatomical
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location, as in the reported case from SWIFT Medical
technology."

Remote wound monitoring can be beneficial for
those with chronic wounds who are suffering with
ADLs. There is an overall positive attitude towards
the application of remote wound monitoring as it can
reduce patient anxiety, decrease transportation costs,
and save time for patients with long commutes.

Of note, is crucial to educate patients about this
treatment option and assess whether they are
suitable candidates, taking accessibility into account.
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