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Abstract

Wound documentation is integral to effective wound care, health data coding
and facilitating continuity of care. This study evaluated the usability and effec-
tiveness of an artificial intelligence application for wound assessment and
management from a clinician-and-patient user perspective. A quasi-experimen-
tal design was conducted in four settings in an Australian health service. Data
were collected from patients in the standard group (n = 166, 243 wounds) and
intervention group (n = 124, 184 wounds), at baseline and post-intervention.
Clinicians participated in a survey (n = 10) and focus group interviews
(n = 13) and patients were interviewed (n = 4). Wound documentation data
were analysed descriptively, and bivariate statistics were used to determine
between-group differences. Thematic analysis of interviews was conducted.
Compared with the standard group, wound documentation in the intervention
group improved significantly (more than two items documented 24% vs 70%,
P < .001). During the intervention, 101 out of 132 wounds improved (mean
wound size reduction = 53.99%). Positive evaluations identified improvements
such as instantaneous objective wound assessment, shared wound plans,
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1 | INTRODUCTION

Individuals with wounds can be found across all age
groups and all health care specialties. Some causes of
wounds include trauma, burns, skin cancers, infections
or underlying medical conditions such as diabetes.'
Wound care is generally considered a comorbid disease,
for example, diabetic foot ulcers, venous leg ulcers, pres-
sure injuries, but despite this, patients are treated in the
silo of their medical specialty." The impact is that the
approaches to wound care may differ between speciali-
ties, and currently there is no specialist patient-centred
wound care approach.

Management of all wounds requires good assessment
and handover.>® Inaccurate wound documentation can
affect the determination of the best treatment options
and the wound healing process.* The careful documenta-
tion of wounds should include all variables, such as the
wound location and size, the surrounding skin, the pres-
ence of undermining and tunnelling and the amount of
exudate, odour and/or pain.S

The Australian Standards for Wound Management
highlight the importance of accurate documentation to
provide a ‘legal, comprehensive, chronological record of
the individual's wound assessment, management and
prevention plan’.® However, there is a paucity of research
that specifically addresses wound documentation—only a
few small studies have been published, which indicate
deficiencies in this area.”

A small Australian and Norwegian study® using a ret-
rospective review of wound documentation across five
health care facilities identified that almost half (45%)
of the medical record notes on wounds—specifically,

increased patient adherence and enhanced efficiency in providing virtual care.
The use of the application facilitated remote patient monitoring and reduced

patient travel time while maintaining optimal wound care.

artificial intelligence, digital application, documentation, wound, wound care

« wound applications have improved the accuracy of wound assessment, man-
agement and documentation, leading to improved wound care and positive
patient outcomes

« this study aimed to evaluate the usability and effectiveness of an application
for wound care and documentation

« the wound application demonstrated a significant improvement in wound
documentation, and clinicians and patients gave positive evaluations

- the wound application facilitated remote patient monitoring, while
maintaining optimal wound care

pressure injuries—lacked key details on assessment and
intervention. Wound care activities were not described
comprehensively. Gillespie and colleagues’ studied wound
documentation by clinicians in 200 medical records in an
Australian hospital. They found that less than half (41.4%)
of the medical records had completed wound assessment
documentation and that wound care documentation was
not in line with evidence-based guidelines.

Similar results have been found in the United States
and other countries. In their pilot study conducted in a
560-bed tertiary hospital, Dan Li and Korniewicz'® found
that wound assessment and management documentation
in electronic medical records (eMR) was poorer than in
written documentation. Thus, current wound documen-
tation in eMR does not capture the complex needs of
patients, and nor does it reflect evidenced-based prac-
tice. A recent stakeholder engagement and forum
review conducted by a national group of experts in
Australia found a lack of integration of patient records
and wound information across the continuum of care.'?

The importance of wound photography for detailed,
reliable wound assessment, monitoring and management
has been demonstrated in numerous publications.*"’
Increasingly, health services are using photos to assess,
manage and document wounds.'®'®'” The wound photo
can be checked immediately, is readily available for view-
ing on a computer screen, and can easily be shared among
clinicians and printed if required for hard-copy records.

There are several problems associated with wound
assessment and the use of wound photography for assess-
ment. First, the wound assessment process is subjective,
given that it is influenced by the clinician's experience. The
assessment of wound dimensions varies between clinicians
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even when a standard tape measure is used because there
is often no clear definitive wound edge and the pinpointing
of an edge from which to judge width or length is subjec-
tive. Second, the type of camera used to capture wound
images and the way the camera is positioned can affect the
wound picture, creating further variation in wound dimen-
sion measures or the ‘look’ of a wound. Last, the steps
required to upload and transfer images can breach hospital
policy and privacy regulations.*’

Recent advances in wound photography, such as digi-
tal wound applications, have improved the accuracy of
wound care documentation, leading to improved wound
management and patient outcomes.”**>'” Digital wound
applications downloaded to a smartphone are capable of
performing real-time wound analyses and tracking
through image capture. Certain applications have algo-
rithms and clinical decision-support tools to assist in deter-
mining the best treatment options, the type of wound
products to use, the tracking of the wound healing pro-
gression and the next steps to take. These technologies for
wound care have been developed and used for a number
of years in Europe, the United States, Canada and the
United Kingdom.*'** Their use is also understood to be in
the Australian context; however, we could not identify any
literature reporting digital apps for an extensive range of
wound types. Some studies have reported single wound
types such as diabetic foot ulcers.*

A major metropolitan quaternary health service in
New South Wales, Australia conducted a market analysis
and a review of digital applications for wound manage-
ment. The Tissue Analytics digital application (TA app)
met all requirements necessary to meet the health ser-
vice's needs including wound image capture, eMR inte-
gration, aggregated wound data, telehealth integration
and clinical decision-support capability such as an algo-
rithm that provides clinicians with treatment options.
Tissue Analytics application is a machine learning appli-
cation, which fits under the overall artificial intelligence

March 2020
Study pausedfor 3 weeks
Superusereducation and
December 2019 training on the app
Enrolment of standard

care group

April 2020

June 2020
Enrolment of patients in the
Intervention group

Enduser education and
training on the app
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(AI) umbrella; AI describes any task automated by a
machine/computer (eg, a robotic arm executing a simple
up-and-down movement), whereas machine learning
specifically describes software systems that are learning
and improving from data.”® The aim of this study was to
evaluate the usability and effectiveness of the TA app to
improve wound assessment and management.

2 | METHODS

2.1 | Study design

This study used a quasi-experimental design to evaluate
the usability and effectiveness of the TA app where clini-
cians used the TA app for patient wound assessment and
managment from June to October 2020, the data were
compared with a historical patient group who received
standard wound assessment and management (December
2019 to March 2020) (Figure 1). Patients using the TA
app at home (patient interface) were assigned in mid July
2020. Owing to the coronavirus disease (COVID-19) pan-
demic, the study paused in March 2020 but then restarted
immediately after 3 weeks. In addition, patients were not
enrolled to use the patient interface until July 2020
because the patient interface software was not available
for download in Australia.

2.2 | Setting

We conducted this study in four settings in one health
service in the state of New South Wales, Australia. The
health service is a large urban setting that provides pri-
mary, secondary and tertiary care to a local population of
700 000 people. Three study settings were in a quaternary
hospital: an aged care ward, a colorectal ward and an
outpatient dermatology clinic. The hospital is an 800-bed

July 2020
Enrolment of the first
patient to usethe
patient interface

October 2020
Endof data collection

¢ ¢ ¢

Standardgroup

FIGURE 1 Timeline and study design

4 ¢ ¢

Intervention group
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major referral hospital that provides services for many
specialist areas. The aged care and colorectal ward com-
prise 28 to 30 beds and have a mean occupancy rate of
93.59% and 98.08%, respectively. The fourth study setting
was primary care community services across the health
service.

2.3 | Sample

2.3.1 | Patients

Patients with a wound(s) and aged above 18 years were
invited to participate in the study to have their wound
care managed using the TA app. Patients were excluded
if they: (a) had a diagnosed non-healing wound (eg, palli-
ative, malignant or fungating tumours; and wounds with
a blind-ended track, such as pilonidal sinus); (b) had a
wound that required specialised treatment, such as burn/
scalds; or (c) had a superficial fast-healing wound, for
example superficial lacerations.

2.3.2 | Clinicians

A purposive sample of 13 clinicians—11 nurses and two
doctors—were recruited. These 13 clinicians were trained
on the TA app and used the app with their patients.

2.3.3 | Intervention

The TA app is a cloud-based application to measure, ana-
lyse and treat wounds. The TA app is designed to facili-
tate patient wound care delivery using artificial
intelligence-based technology to support clinical
decision-making. By capturing an image of the wound,
the TA app analyses its dimensions and perimeters, sur-
face area and tissue composition and presents augmented

Pink Yellow Red Green Size: 37cm
e o 2 o Contraction Rate:

FIGURE 2 The Tissue Analytics app wound analysis

visual images (Figure 2). To facilitate the success of the
intervention, we undertook careful planning, and
codesigned the clinical model and technology solution
through broad collaboration with many key stakeholders,
including the TA app developers, system architects and
clinicians, as well as consultation with statewide govern-
ment agencies.

For this study, we tested a standalone solution that
was not integrated with eMR, whereby the image and
structured report generated from the TA app were to be
uploaded to the eMR via the medical records department.
The TA app was available for any smartphone and
Android device with an integrated camera. No additional
optics or hardware were needed to run the app. The TA
app comprises two components, each with a separate
login, a clinician interface (Figure 3) and a patient inter-
face (Figure 4). Clinicians used the clinician interface to
take photos and document wound assessment and man-
agement. The patient interface was used by patients who
care for their wound at home and require regular moni-
toring by clinicians. The patient interface was linked to
the clinician interface for oversight.

2.4 | Standard practice

The health service uses wound iView in the eMR for
wound documentation. Wound iView is a platform for
wound documentation in the eMR. Wound iView at pre-
sent has wound documentation fields, such as wound
location, colour and exudate, with drop-down options to
document wound assessment. Wound iView does not
have inbuilt functionality to store visual images; there-
fore, the wound information is stored only as text. Clini-
cians take photos with either a single lens reflex camera
or a work mobile device. The photos are then uploaded
onto a secure password-protected drive to which only
senior wound care nurse consultants have access. Wound
iView in the eMR has the functionality for wound assess-
ment and management documentation for patients with
one wound.

2.5 | Outcome measures

The outcome measures of this study were: (a) patient and
clinician usability, and acceptability of the TA app;
(b) reduction in wound size at the point of discharge
(inpatient cohort) and at the end of 3 months after enrol-
ment (community and outpatient cohort); (c) completeness
of wound-related documentation determined by the docu-
mentation of pain, wound size, exudate, odour and a man-
agement schedule.
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2.6 | Instruments

2.6.1 | Clinicians

A clinician survey (APPENDIX 1) was developed by the
study investigators (M.B.J., AJ., F.C.) in consultation
with researchers and senior clinicians using the REDCap
system (a system for building and managing online sur-
veys and research data) hosted by the local health

tenien §

Surface Area History
e e e

* View wound/s,
communicate
with provider
via notes tab

* Provider/clinician receives
notification regarding patient’s
image and triages care

ssue Analytics
Patient BT has uploaded a
‘new photo. .
1 more notificati

service.”” The clinician survey included 21 questions
regarding user experience in the following categories:
usability and easiness (seven items), image capture (four
items), benefits to assessment and management (three
items), benefits to communication and continuity (three
items), benefits to workflow and time to wound assess-
ment (three items) and overall perceived value (one
item). The survey used a 10-point Likert scale, with
scores ranging from O to 10 (higher scores indicating
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stronger agreeance), with items 3, 5, 7, 9, 11, 14 and
16 being reverse scored. The survey was reviewed for face
validity by wound care expert clinicians and pilot tested
on five clinicians. No changes were required. To further
explore clinician usability and acceptability, focus group
interviews were conducted with clinicians.

2.6.2 | Patients

A patient data collection tool was developed by the lead
authors (M.B.J., AJ., F.C.) in consultation with wound
care expert clinicians and reviewed for face validity by
senior registered nurses (RNs) and senior researchers.
The tool captured patient demographic data, diagnoses
and comorbidities; wound aetiology; wound size percent-
age decrease; the completeness of wound documentation
including data on pain, exudate, odour, size, wound man-
agement goal, wound assessment schedule and potential
saving in patient travel-related time. For outcome mea-
sures of usability and acceptability, semi-structured in-
depth interviews were conducted with patients via
telephone.

2.7 | Procedure

2.7.1 | Clinicians

Clinicians were trained by the application vendor on the
use of the TA app prior to enrolment. They were instructed
to download the TA app on their work smartphone. Two
training sessions were held (Box 1). Out of 13 clinicians,
one designated Skin Integrity Nurse Consultant (T.L) was
assigned as superuser. The lead author was also assigned
as the superuser for oversight and coordinatinon. The
remaining clinicians were assigned as end users.

The TA app developers conducted a 4-hour virtual
session for superusers and 1-hour session for end users.
The end-user virtual training sessions were followed by
2-hour face-to-face sessions with the superusers. The
investigators assembled a training resource pack, includ-
ing an information brochure on the TA app for both cli-
nicians and patients, step-by-step instructions and a
cheat sheet with frequently asked questions. At the end
of the training session, clinicians were provided with the
training resource pack and were instructed to raise any
questions with the investigators, who would then trian-
gulate issues with the TA support team. For progress and
monitoring, the investigators set up 15-minute virtual
catchups with clinicians twice a week to discuss progress
and raise any issues related to the app and the clinical
workflow for the duration of the study.

BOX1 Training content for superusers and

end users
End
Training on how to Superuser user
Use administrative tools \ -
(create users and
passwords)
Create and generate system, N =
health service reports
Train the trainer v -
Overview of the TA app N t
Understand the TA app N <
functionalities and its
scope
Use the app and desktop N \
portal
Impute and amend wound \ v
information
Use the clinical decision \ V
support
Generate a wound report v J
Enrol patients, assist in the N <

use of the patient interface

All clinicians testing the TA app were invited via
email to complete the survey online and to partici-
pate in the focus groups 4 months after the TA app
implementation. They were given a month to com-
plete the survey and were sent two follow-up emails
in this period to remind and encourage them to
complete it.

Semi-structured focus group interviews, which lasted
between 20 and 40 minutes, were conducted with clini-
cians in a quiet location of their choice. They were given
the opportunity to share their views on the TA app: its ease
of use, its impact on wound documentation, their experi-
ence with the TA app, TA app incorporation into the
workflow and its effectiveness in assisting with wound
management decisions. Focus group interviews were

audio-recorded, professionally transcribed and de-
identified.
2.7.2 | Patients

Data on patients were collected via their medical records
and were compared with data from standard care patients
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collected prior to the TA app implementation. All patient
data were de-identified when recorded and entered onto a
secure web-based platform used to store data research
(REDCap).*’

The clinician users assisted the patients using the
patient interface to download the TA app on their phone
and instructed them on the use of the app. The patients
were provided with a written information sheet and the
contact details of their clinicians for questions. When
patients used the patient interface to photograph their
wound and input wound information, the treating clini-
cians received a notification to review the report and tri-
age as appropriate.

All patients using the TA app were invited after dis-
charge, via a follow-up call from an investigator, to par-
ticipate in a brief (15-minute) semi-structured interview.
The interviews were conducted via telephone. Interviews
were audio-recorded, professionally transcribed and de-
identified.

2.7.3 | Data analysis

All data were entered and analysed using IBM SPSS
Statistics V24 (IBM Corps, 2013, Armonk, NY: IBM
Corp). A convenience sampling was used for patients,
with no a priori sample size calculation. Patient demo-
graphic and clinical data were analysed descriptively
using frequencies and percentages, means and stan-
dard deviations (SD) and compared using independent
t-tests for continuous data and chi-square tests of inde-
pendence for categorical data. Chi-square tests of inde-
pendence were conducted to examine whether there
was a statistically significant difference between
cohorts in wound documentation practice: pain, exu-
date, odour, size, wound care plan, wound assessment
schedule and types of dressing applied. Wound per-
centage decrease was not able to be compared between
groups as this outcome was not measured in the stan-
dard care approach. The first and the last wound area
measurements were used to calculate the percentage
change in area.

Clinician satisfaction with TA was calculated by
adding the scores of each question of the survey and
then calculating the mean of each category. The higher
score reflected greater satisfaction. Transcripts of clini-
cian focus groups and patient individual interviews
were uploaded into NVivo 11 software for analysis.
Thematic analysis®® was conducted in six steps:
familiarisation with data; generation of initial codes;
search for themes; review of themes; definition and
naming of themes; and preparation of a written report.
Data analysis was undertaken by four team

P - WiLEY-L

members (M.B.J., F.C., A.F.,, S.R.) independently to
ensure rigour.

The potential travel time of patients was estimated
using Google Maps. The patient's address and the hos-
pital's address were used to calculate the time using
Google Maps. The time of travel was set at 12 pm. The
mean travel time was calculated using the minimum
and the maximum travel time provided by Google
Maps. The average fuel cost of 122.6 c/L over the
period of the study was used to calculate the cost of
travel.

2.7.4 | Ethical consideration

The study was conducted in accordance with the
National Health and Medical Research Council's
(NHMRC) National Statement on Ethical Conduct in
Human Research. Ethics approval was obtained from
the Ethics Review Committee (RPAH Zone) X19-0307
and 2019/ETH12459. Patient participants who used the
app were invited to participate in an interview and clini-
cian participants were invited to participate in an inter-
view and in clinician focus groups. Fully signed consent
was obtained from both patient and clinician partici-
pants. Confidentiality was ensured by assigning each
participant a unique identifier and de-identifying data
when transferred into a secure base. Re-identifiable
coded data were stored on our secure online REDCap
database, accessible only by study investigators. Clini-
cians anonymously completed an electronic satisfaction
survey, where the completed return of the survey signi-
fied consent.

3 | RESULTS
3.1 | Demographic and baseline
characteristics

A total of 290 patients were enrolled in this study:
166 patients in the standard group and 124 in the inter-
vention group (Figure 5).

The TA app clinician interface was trialled by 13 cli-
nicians on 124 patients with 184 wounds and the out-
comes compared with a standard group of 166 patients
with 243 wounds who were treated with standard care.
There was no statistically significant difference between
the two groups by age, gender or study settings. The stan-
dard care group had statistically significant higher pro-
portions of wound types such as blister/abrasion/skin
tear and lower proportion of ulcers than the intervention
group (based on adjusted standardised residuals >2). The
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‘ Standard group ‘

Patients assessed for eligibility
N =243

Patients excluded (N = 77)
Did not meet the inclusion
criteria

(N=28)

Declined to participate
(N=0)

Other reasons (N =49)

Specialty

Colorectal (N=79)

Aged Care (N = 67)
Dermatology (N =10)

‘ Community Nursing (N =10)

Patients eligible
N=166

Wounds analysed
N=243

FIGURE 5 Schema of patient flow in the study

demographic and clinical characteristics of both groups
are presented in Table 1.

Of the 124 participants in the intervention group,
13 trialled the patient interface, which provided data to
calculate the potential travel-related time, and cost.

3.2 | Feasibility, usability and
acceptability of the TA app

3.2.1 | Clinician survey results

The survey was distributed to the 13 participant clini-
cians, among whom 10 completed it, yielding a
response rate of 77%. Most clinicians strongly agreed
that the TA app was easy to learn and to use
(Table 2). The highest mean item score was for overall

perceived value (8.44) and the lowest was for ease of
use (6.92).

3.2.2 | Clinician focus groups and patient
interviews

Data were collected from four patients individually and
13 clinicians in five focus groups. Table 3 gives an over-
view of participating clinicians’ characteristics.

Two major themes emerged from the data: Con-
necting treatment and continuity of care and Engaging
with a new technology.

{Assessed for eligibility N=442 }—‘

|

Intervention group

Patients assessed for eligibility (in TA)

N=199

Patients excluded N=75

Did not meet the criteria
(N=36)

Declined to participate
(N=0)

Other reasons (N =39)

Specialty

Colorectal (N =52)

Aged Care (N =50)
Dermatology (N=12)

Sydney District Nursing (N = 10)

Patients eligible
N=124

Wounds analysed
N=184

3.3 | Connecting treatment and
continuity of care

Patients were unanimous in their belief that the TA app
provided benefits to their wound healing and communi-
cation with clinicians. The importance of clinician
engagement and continuity of care from the hospital to
the community was highlighted:

So, we took weekly pictures of it, or when-
ever I would get it dressed to get a new
dressing done. And I found that good, I
found it good for like, seeing the progress
of it or seeing, like how far the wound had
progressed or whatever, in terms of
healing. (Patient participant 1)

So it gave me a level of comfort that it's
improving, it's improving by a certain per-
centage. (Patient participant 4)

From the clinician's and the patient's perspective, the use
of the TA app increased patients’ engagement and their
own care and security in knowing that they were in con-
stant contact with their provider:

Every time we change the dressing, the patient
will ask, ‘Can I have a look what it looks like
now?’. (Focus group 2, RN 4)

I mean, looking at the patient side of things, it
really has made a difference in terms of
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TABLE 1 Demographic and clinical characteristics of patients
Standard care N = 166
Gender
Male 85 (51.2%)
Female 81 (48.8%)

Age mean (SD) [range]
Clinical area

Ward

Community and dermatology
Type of wound?

Blister/abrasion/skin tear

Ulcers (arterial, venous, diabetic foot)

72.01 (18.46) [24-103]

146 (18.46%)
20 (12.0%)

68 (28.0%)°
57 (23.5%)"

Surgical dehiscence/postoperative 83 (34.2%)
Traumatic wound/laceration 8(3.3)
Dermatological condition/cellulitis 15(6.2%)
Other 12 (4.9%)

“For difference in means only.

bChi-square test.

‘Independent t-test.

9Total number of wounds: Standard care n = 243; Intervention n = 184.
“Difference in proportions between standard and intervention.
IDifference in proportions between standard and intervention.

patients’ confidence and their sense of security
... so they feel confident to go home and do
that, basically without having a clinician with
them. (Focus group 5, RN 10)

[At home,] I feel like a doctor is right
alongside me and they can look at it and
analyse it and it's like having a doctor in
another room. You don't feel isolated, and
you feel that you're not on your own.
(Patient participant 2)

The importance of communication and continuity of care
was reinforced by all clinicians. Clinicians indicated that
using the TA app in practice could improve communica-
tion between clinicians, reduce discomfort for the patient
and allow the wound to be viewed remotely by the doc-
tor, which reduced the unnecessary early removal of the
dressing:

So, it's really good, yeah, if the patient comes
from the community into hospital, we can
see what the plan was in the community and
vice versa. So, yeah, good consistency in that
way. (Focus group 1, RN 1)

This remote viewing, according to another clinician par-
ticipant, not only encourages communication but also
reduces resource wastage:

P WiLEy-L =

Intervention N = 124 Mean Diff* (95% CI)* P value
65 (52.4%) 0.84°
59 (47.6%)

69.87 (18.66) [23-96] 2.14° (—2.20, 6.47) 0.33

102 (82.3%) 173°

22 (17.7%)

24 (13.0%)° <.001°

88 (47.8%)"
48 (26.1%)
9 (4.9%)
11 (6.0%)
4(2.2%)

It allows the clinician to actually review the
wound remotely ... at the moment, the pro-
cess would be that we would contact the doc-
tor to come and review the wound and,
sometimes, they get caught up on a round
and are unable to come and review the
wound; then, the dressing gets done. (Focus
group 2, RN 5)

Clinician participants indicated the valuable role of the
TA app in sharing management plans, providing objec-
tive wound measurement and ensuring efficient wound
documentation. The app allowed them to efficiently doc-
ument specific information, such as the types of tissues,
exudate and the types of dressings applied, in a struc-
tured format:

Also looking at wound management,
and the most appropriate dressing.
In that sense alone, that's [TA app]
very helpful for nursing staff or medical
staff as well, both in an inpatient unit
and outpatient unit. (Focus group 4, Doc-
tor 1)

Sometimes, it's quite hard to explain what
you can see [in the wounds], and then, it's
quite hard to remember which word to use
to explain tissue type in a wound. Because
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on the app, everything is pretty much there
... (Focus group 2, RN 4)

So, as a doctor using the app, I found it over-
all useful - a useful way of collecting good
data and documenting wounds and adding
good photographic documentation as well.
(Focus group 5, Doctor 2)

Virtual communication and seeking expert advice were
other advantages identified by clinician participants.
They suggested that these enhanced efficiency, communi-
cation and continuity of care for patients:

It will connect us with community nurses,
with GP services and keep us connected
with patients if they fall through the loops.
For example, we get patients that come
here [in hospital], and then, if they dis-
charge and we can't keep track of them, it
will help us keep connected with continu-
ing of care with their treatment. (Focus
group 3, RN 7)

One clinician participant suggested that the TA app
offered health care providers the ability to manage
wound-related liability and dispute by recording an
objective wound measurement on discharging or trans-
ferring the patient to another facility.

TABLE 2 Clinician survey TA app results

Category Mean
Image capture 7.33
Ease of use 6.92
Benefits to patient assessment and management 8
Benefits to communication and continuity 8.19
Benefits to workflow and time to wound assessment 7.41
Overall perceived value of the TA app 8.44

At the moment, we would often send these
patients off to other facilities ... sometimes,
because the documentation was so poor, we
do often get a few calls back saying, “Well,
this wasn't here before. It wasn't as exten-
sive’ ... it could be quite useful, particularly if
the patient is going on to other facilities ... I
think it provides us with a sort of evidence of
what we've seen as well. (Focus Group
4, RN 8)

Clinicians also reported that that using the TA app
increased patient adherence to the wound care plan,
which facilitated wound healing:

Yeah, especially with [patient's name] ...
before, she refused to reposition. .. And
then, when we showed her how bad it was
and then the progression ... Since then, she
repositioned herself. (Focus group 2, RN 4)

3.4 | Engaging with a new technology
Engaging with new technology can be challenging. Given
that clinicians and patients were introduced to this new
technology at similar times, it was unsurprising that they
gave positive feedback as well as identified some problem
areas.

Environmental considerations, both for clinicians and
patients, need to be explored and understood when
engaging with a new technology. Several patient partici-
pants commented on the advantages of being in their
own home environment, regarding this as a positive ele-
ment of their recovery:

It was easy for me to do that from home and
for my wife to actually do the wound itself ...
and for us to send those photos ... it was very
convenient for us, otherwise we would have

TABLE 3 Overview of participating clinicians' characteristics

Colorectal Acute Dermatology Community Wound
surgery aged care outpatient nursing service

Registered 2 3 2 3 1

nurse®

Doctor” 2

Male 2 1

Female 2 3 2 3

“Included senior nursing leads, nurse educators and unit managers.

“Included a senior geriatric specialist and a registrar (a doctor receiving advanced training in a specialist field of medicine).
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had to stay in Sydney [metropolitan]. For us
being at Dubbo [rural], it made it so conve-
nient for us and I had no issue with carrying
it around in my pocket and I reckon it's the
best thing that's happened. (Patient partici-
pant 3)

The advantages included ease of movement, the opportu-
nity to adhere to their normal meal-time routines and the
ability to have better sleep at home. Most patient partici-
pants also believed that using the TA app enabled them
to manage their own wound care under supervision,
which was convenient and saved them travel time:

I think it probably saves a couple of trips,
especially if I was concerned about some-
thing. I'd just take a photo, and then send it
through, and then he [wound care nurse spe-
cialist] can mark notes on it. So, I guess it
saves me from going to the doctors ... It saves
those trips. (Patient participant 3)

However, clinician participants noted difficulties in the
community, such as inadequate lighting that inhibited
them from obtaining a good-quality photograph:

We have no control over the dark dingy
room or the over-brightly lit room and trying
to reposition people in the right spot and the
frustrations that that can develop into.
(Focus group 1, RN 1).

They also mentioned problems with the correct posi-
tioning of a patient if the wound was in a ‘hard-to-
reach’ area. Similarly, patients had difficulties
photographing their own wound, depending on the part
of anatomy:

The clientele that we have are quite elderly,
so not a lot of them are tech savvy and
depending on where their wound is, they
might not be able to get a picture of it them-
selves or have someone be there to take it.
(Focus group 1, RN 2)

Another environmental consideration that several hospital
clinician participants highlighted was infection control.
Problems were identified with infection control practices
and picture clarity when using personal phones; with
covering phones with a plastic sleeve for protection; and
about the need to take a photo in a room where a
patient had an infectious disease:
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I try to use the plastic before the sleeve, but
it doesn't give you a clear photo. (Focus
group 2, RN 5)

I think the other biggest thing for me was
infection control, so having the phone in an
infectious room as well is another challenge.
(Focus group 4, RN 9)

Participants were found to have different expectations,
experiences and needs when using the TA app. Patients
found the application easy to use, taking little time except
when uploading a photo, which was noted to be a bit
slow. For clinicians, the process of logging in and input-
ting patient information was described as, at times, time-
consuming:

I find that it's quite time-consuming to read
the information. Not that it's not good, it's
fantastic, but I don't know how well people
sit to do that at the point of call. (Focus
group 1, RN 3)

It was quite an easy app to actually use in
terms of functionality, but it was a bit
time-consuming and then a couple of
things also make it a bit ... Even just log-
ging in takes a good minute or so because
you've got to put in email whatever, and
then, it logs out. (Focus group 5, Doc-
tor 2)

Clinicians agreed that the TA app was useful for clinical
assessment and for the real-time tracking and monitoring
of wounds; however, participants often did not use the
clinical decision support provided by the TA app algo-
rithm because they felt they already had access to expert
advice by doctors and wound care specialists. Several cli-
nician participants suggested that the use of the clinical
decision support component of the TA app could be ben-
eficial for inexperienced nurses, including new graduate
nurses:

There's a lot of new grads in the hospitals,
and it [TA] also can help with that. If they
haven't got the support, this app also can
give you recommendations of what to put on
the dressings. It then analyses the wound
and can give the nurse the option of dress-
ings to put on that wound. (Focus group
3,RN7)

They indicated that it could also improve wound man-
agement, given that effective care could be initiated
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immediately rather than waiting for advice from the
Wound Clinical Nurse Consultant:

Yes, because it [TA app] gives you advice and
recommendations on what sort of dressing. At
least something's being done, just putting a
simple dressing ... because in that short 2 days,
there's a lot of things that can happen in that
wound. (Focus group 2, RN 4)

3.5 | Reduction in wound size

Fifty-two patients (42%) in the intervention group had
multiple wounds. In this group, the size of 132 wounds
was measured more than once by using the app; 101 out
of 132 wounds over an average of 36.47 days (SD 41.76)
improved, with a mean reduction of 54.0% (SD 31.60) in
wound size. The breakdown of the wound size percent-
age change by wound type is presented in Table 4.

3.6 | Completeness of wound-related
documentation

The use of the TA app by clinicians significantly
increased the completeness of documentation compared
with standard care (Table 5). Completeness of the docu-
mentation was based on the number of dressing changes.

In particular, the recording of wound size increased
from 8.3% completion rate in the standard care group to
100% completion rate in the intervention group and that
for exudate increased from 31.9% in the standard care
group to 87.2% with the use of the TA app.

3.7 | Potential travel-related time
avoided

Out of 13 patients who used the TA app, travel related
data were collected on 12 patients. Nine patients used the
TA app patient interface from their home in the Sydney

TABLE 4 Wound area percentage decrease or increase by wound type at time of discharge in intervention group
Improved Reduction in wound size area Deteriorated Increase in wound size area
(n) (%)* Mean (SD) (n) (%)* Mean (SD)
Blister/abrasion/skin tear 7 60.23 (36.83) 1 1.13
Pressure injury/ulcers 44 41.99 (29.12) 14 82.21 (81.59)
Surgical dehiscence/ 33 66.88 (29.27) 9 86.47 (103.02)
postoperative
Traumatic wound/ 1 99.95 3 26.95 (19.66)
laceration
Dermatological condition, 7 59.03 (34.63) 3 142.24 (65.29)
ASD, cellulitis
Miscellaneous/unknown 9 51.47 (27.85) 1 73.86
aetiology
Total 101 54.00 (31.61) 31 81.03 (83.17)

“Percentage change calculated as ([Original area measurement — final area measurement]/original measurement) x 100.

TABLE 5 Comparison of completeness of wound documentation®
Standard care N = 935" Post (app used) N = 447 % Improvement
n% N% Significance (95% Cl)
Pain 80 (8.6%) 185 (41.4%) P < .001 32.8 (284, 37.2)
Size 78 (8.3%) 447 (100.0%) P < .001 91.7 (86.2, 97.2)
Exudate 298 (31.9%) 390 (87.2%) P <.001 55.2 (49.7, 60.9)
Odour 17 (1.8%) 181 (40.5%) P < .001 38.7 (34.8, 42.7)
Wound management 278 (30.2%) 162 (36.3%) P =.020 6.1(.80,11.4)
schedule
>2 items documented 244 (24.0%) 418 (93.5%) P < .001 69.5 (63.9, 72.1)

4Sample sizes for this outcome are based on the number of dressing changes documented.
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TABLE 6 Patient travel time and cost saved

Average round trip saved
Metropolitan patients (n = 9)

Travel by car (n = 7) 29.7 kms (Range 4.4-109.2

Average travel time saved

35.9 minutes (Range 8.15-68.3 minutes)
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Average fuel cost

$4.54 (Range $0.42-$11.78)

kms)
Public transport Not applicable 14 minutes Not applicable
(n=2)
Rural patients (n = 3)
Travel by car (n = 3) 585 kms (Range 177-794 kms) 224 minutes (Range 82.5-316.5 $72.90 (Range

minutes)

$16.20-$124.00)

Potentially a saving of $552.40 (Range $60.91-$956.13) per month in travel expense

metropolitan area and three patients used the patient
interface from their rural home. Patients used the TA app
on average, 11.2 times (range 4-21 times) over an average
period of 45.3 days (range 12-104 days).

The travel-related fuel cost to a patient living in met-
ropolitan Sydney was on average $4.54 ($0.42-$11.78) for
every visit to the hospital and for rural patients was on
average $72.90 ($16.20-$124.00) (Table 6).

4 | DISCUSSION

This study demonstrated a significant improvement in
the completeness of wound documentation. This has
important clinical implications because it demonstrates
improvements in objective and quantitative wound infor-
mation and consistency of documented care using the TA
app. Currently, in our health service, clinicians document
their wound assessments in the progress notes section of
the eMR, a variable and often inconsistent approach to
documentation. The TA app provided standardised key
information for all wounds that link to the patient’'s eMR.
In addition, this information was available across both
community and inpatient settings.

The TA app performed well on measures of function-
ality and user experience. Clinicians strongly agreed that
the TA app was easy to learn, particularly with respect to
assessment, clinical tracking and monitoring of the
wound. This finding is consistent with several previous
studies testing wound applications to improve wound
assessment and monitoring.>*>* Currently, across many
health services in Australia, there are no databases or
systems that allow for monitoring, tracking or
benchmarking of wounds. We found the TA app facili-
tated clinical workflows and improved continuity of
patient care and clinician communication.

Accurate wound documentation is an essential part of
handover and is important for effective wound manage-
ment.*>** Similar to our study, Klinker, Wiesche and

Krcmar (2020) found that their wound app prototype had
the potential for improving the wound documentation
process.”” Their smart glass wound care app allowed for
rapid objective hands-free wound documentation. In our
study, clinicians reported that the TA app provided an
instantaneous objective wound size measurement, which
gave a reliable and effective record of the patient's wound
and was a powerful tool that enabled them to see wound
progression or deterioration. Shamloul, Ghias and
Khachemoune (2019), in their review on digital technolo-
gies, concluded that mobile applications and digital appli-
cations potentially lead to prompt, easy and accurate
wound assessment for both the clinician and the patient.
Accurate and easy assessment facilitates effective wound
management, which improves patient wound out-
comes.*® Objective wound documentation also facilitates
patient continuity of care, as reported by our clinician
participants in this study.

Clinicians and patients in this study valued the TA
app providing real-time information, its ease of use and
efficiency in wound assessment and image capture. This
enabled patients to view the progress of their wound
instantaneously after a photo was taken. Clinicians
reported that because of this, patients were more engaged
in their care and were more adherent to the wound man-
agement regime. Findings from a systematic review on
engaging patients to improve quality of care suggest that
patients feel empowered by being involved in their care
and that it increases their self-esteem.>® Further, a recent
consensus document by the World Union of Wound
Healing Societies on patient engagement and wound care
indicated that involving patients in their wound care can
positively influence wound healing.*

Consistent with previous work on virtual health care
platforms,*”>° our study demonstrated that the TA app
enabled patient wound care through virtual connection
to a clinician. Strong patient satisfaction was reported
through interviews. Patients were excited to use the TA
app and commented on the advantages of receiving care
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and being in their own home environment, regarding this
as a positive element of their recovery. Further, patients
commented on feeling safe, as though the provider was
within arm'’s length should wound help be required. The
clinicians perceived that the TA app made it easier to
communicate with the patient about their wound care
and that the patient did not have to travel to receive the
same level of care. Virtual patient care facilitates prompt
treatment and has the potential to prevent negative
patient outcomes.>”*’

When interventions are implemented in complex set-
tings, such as a health service setting, facilitators and bar-
riers are often encountered, which can directly affect
patient health outcomes.**** In this instance, barriers to
wound care can potentially lead to wound breakdown or
prolonged wound healing. Acknowledging the barriers
and facilitators that were reported by clinicians and
patients in this study, the intervention (the TA app) did
not have any negative impact on patient outcomes or on
wound healing. In fact, in this study, the app potentially
enabled patients to continue to be treated effectively
despite outpatient appointments having to be cancelled
because of COVID-19. Further, patients using the app
reported the benefits of the app in facilitating their
wound healing. Patients’ wounds continued to heal,
reducing in percentage size by over half (54%). The
approach taken in this study, namely careful planning,
and broad collaboration with key stakeholders, ensured
the reduction of any unintended negative effects and pro-
moted positive patient experiences.

Although it was not the focus of this paper, the time
and cost saved by the patient needs to be noted, espe-
cially in the context of prompt access to care. Studies
have reported that if a patient cannot access timely
wound care owing to costs and delays, it can lead to
wound breakdown or prolonged healing.*>** In this
study, virtual care via the TA app led to travel cost sav-
ings for patients. Patient also reported the benefits of not
having to travel and being able to communicate with
wound care nurse specialists, which made care very
convenient.

Last, the TA app facilitated wound care during
COVID-19. Most projects in our health service ceased
because of COVID-19 priorities. However, telehealth and
telemedicine consults increased during the COVID-19
pandemic. The TA app during this period allowed for vir-
tual wound care and reduced face-to-face visits between
staff and patients, as well as clinician face-to-face consul-
tations on wound care. The process of setting up the TA
app in our health service so that it was more appropriate
for our population was an iterative as well as a positive
process between our health service and information tech-
nology team and the TA team in the United States. The

responsiveness to clinician experience in the early part of
the implementation was critical to the success of the
implementation of the app.

The use of the TA app during COVID has led to
the establishment of the Virtual Wound Care Com-
mand Centre and further research into this area,
expanding on the work of this study. The Virtual
Wound Care Command Centre research will investi-
gate the benefits of having a centralised specialist
wound care service using a digital wound application
for remote timely intervention for patients in the com-
munity, to ensure they receive world-class wound care
irrespective of their physical location.

This study has acknowledged limitations. The purpo-
sive sampling of 13 clinicians in this study introduces a
degree of bias and limits the generalisability of the
results. Since we recruited patients from four health set-
tings in one metropolitan health service, future studies
involving the recruitment of clinicians and patients from
other settings, such as residential aged care facilities and
general practice, may assist in determining whether simi-
lar benefits are observed in different specialties to expand
on this study's findings. The use of a historical control
(the standard care group) as a non-randomised compara-
tor in our study may have introduced bias and increased
the type 1 error rate. However, we used matching of
study design and demographic parameters to incorporate
historical data in a supplementary manner for reducing
the number of concurrent control subjects required and
the recruitment burden. The retrospective review of med-
ical record notes for patients in the standard group limits
our ability to understand whether improvements in
wound healing were directly related to the intervention,
the TA app. However, over the past decades, with the
advent of eMR, considerable investments have been
made in high-quality, curated and trusted clinical data.

5 | CONCLUSION

This is the first Australian study to report a wide-ranging
wound care service using a digital application that pro-
vides real-time wound data with an interface for commu-
nication between the patient and the clinician, and
clinicians in a hospital, community and outpatient set-
ting. The use of the TA app demonstrated positive docu-
mentation and data management of wound care,
clinician-and-patient communication and patient travel
time and costs. This study demonstrated the feasibility of
the use of the TA app in acute, community and outpa-
tient settings. The TA app facilitated remote monitoring
via telemedicine for patients, thus reducing face-to-face
visits and travel time. As an innovative application that
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supports clinicians and patients in wound care, the TA
app has the potential to improve patient wound out-
comes. The findings of this study will be used to guide
further application in other settings and scale up across
the health service and eventually the state.
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APPENDIX 1: CLINICIAN SATISFACTION SURVEY

Item
1

10
11
12

13

14

15

16

17

18
19

20

21

Question
I would imagine that most people would learn to use the Tissue Analytics
digital application easily

Taking an image of the wound with the mobile app is a simple task

It is difficult to use the ‘retrace feature’ on the Tissue Analytics desktop
portal to correct wound demarcation on the image

It is straightforward to use the ‘shadowing feature’ on the phone app to
ensure

The ‘clinical decision support’ feature to assist with wound product
selection is not easy to use consistent image taking

To input information about the wound on the app, for example, odour
and exudate, is a simple task

Generating a wound report in a PDF format is complicated
I can efficiently navigate the Tissue Analytics desktop portal

I do not think that the Tissue Analytics app improves my wound
management workflow

The Tissue Analytics app supports my clinical assessment of the wound
Tissue Analytics does not play a role in improving continuity of care

Tissue Analytics does not guide my decision-making for various wound
types

Tissue Analytics always saves the wound image and information I
recorded without any technical issue

I experienced issues with using the phone camera flash while taking a
wound image

The wound image and wound descriptions displayed on the mobile app
screen were clear to view and read

Tissue Analytics does not improve my communication with other
clinicians

Tissue Analytics assisted with my communication with the patient about
their wound issues

Tissue Analytics freezes often

Tissue Analytics allowed timely expert consultation

Tissue Analytics assisted with real-time tracking and monitoring of the
wound

Tissue Analytics is overall a valuable tool for wound assessment and
management

Domain
Usability and easiness

Image capture

Usability and easiness

Image capture

Usability and easiness

Usability and easiness

Usability and easiness
Usability and easiness

Benefits to workflow and time to wound
assessment

Benefits to assessment and management
Benefits for communication and continuity

Benefits to assessment and management

Benefits to workflow and time to wound
assessment

Image capture

Usability and easiness

Benefits to communication and continuity

Benefits to communication and continuity

Image capture

Benefits to workflow and time to wound
assessment

Benefits to assessment and management

Overall perceived value

P - WiLEy-L*”
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