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WOUND HEALING DISORDER

FACTS AND FIGURES

SIGNS AND SYMPTOMS INCLUDE?
REDNESS OR WARMTH AROUND THE WOUND
PUS DRAINAGE FROM THE WOUND

BAD ODOUR

INCREASING PAIN

DARKENING SKIN AT THE EDGES

FEVER

Normal wound healing process 1-2% of the population in
comprises of 4 phases® developed countries is Many patients with chronic
€ Hemostasis estimated to experience a wounds have delayed
chronic wound during their preventative  and  emergent
e Inflammation lifetime? wound care®
€ Proliferation
Q Remodeling Types of non-healing wounds*> The elderly are more PY
v Pressure ulcers susceptible to wound
Factors affecting wound healing? v Diabetic ulcers healing disorders as
Age v Venous ulcers compared to other age
Diabetes v Arterial ulcers groups®

Smoking
Alcohol

Nutrition >3 million new cases  60-90% prevalence of biofilms
Obesity of decubitus ulcers in chronic non-healing wounds**°

AN N N N NN VN NN

Stress. diagnosed worldwide in 20196
Infection
Ischemia The global chronic wound care
Medications: glucocorticoids, market was valued at USD 12.8
NSAIDs, chemotherapy .00 Global annual incidence  billion in 2022

v" Immunocompromised of diabetic foot ulcer is It is anticipated to expand

conditions: cancer, AIDS, estimated to be /S/I at a CAGR of 4.07% from
2023 to 2030*°

radiation therapy 9.1-26.1 million’

Prevalence of
decubitus ulcer
per 100,000
people, 2019

* NSAIDs - Non-steroidal anti-inflammatory drugs
AIDS - Acquired immunodeficiency syndrome
CAGR - Compound annual growth rate
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An extensive research-based
analysis from 40+ scientific articles
and journals in combination with
hospital workflow experience

€ PREVENTION

Scenario: At home in the Living room

STAKEHOLDERS

© SYMPTOMS

WOUND HEALING DISORDER

Disease pathway analysis with pain points and solution examples

O TREATMENT

Scenario: At home in the living room

STAKEHOLDERS

© DIAGNOSIS

Scenario: At a wound care center
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Scenario: At a wound care center
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© REHABILITATION

Scenario: At the rehabilitation center
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Proactively drive innovation to improve human life

© FOLLOW-UP

Scenario: At home

STAKEHOLDERS

allowed the identification of pain
points and solutions.

These solutions were proposed
AR/VR,
biosensors, nanorobotics and smart
wearable technologies.
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Patient Family General practitioner
Patient engages in Supports and encourages Helps patients with
unhealthy habits such as the patient to follow a general medical
drinking alcohol or healthy lifestyle. questions and performs
smoking. check-ups.
e A
Dietitian Ministry of Health Medical device companies
Suggests appropriate Formulates and legislates Create innovative tech
meal plans to maintain a health policies as well as solutions that help the
healthy diet. strategies for health public to stay active and
facilities. follow a healthy Lifestyle.
—_ |

Patient Family
Has an infected wound. Tries to care for the patient
but is not well informed
about the management of
such wounds.

General practitioner
Performs wound
management and refers
patient to an expert in case
the wound does not heal in
appropriate time.

@
\/
Wound care specialist

Has special training in how to
treat and manage wounds.

Medical device companies
Create innouative tech
solutions that help to ease
the symptoms of wound
healing disorder.
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o ,P“t‘:?“t i s F“'t's“lut, i Wound care specialist
eceives diagnostic upports patien Phusi ines th
services from health care throughout the diagnostic ysically examines the

patient and prescribes

providers. process. diagnostic tests.
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Microbiologist Hospital administration Medical device
Examines sal:p:es :"Ch Manages the health services companies
* I::Z::,lfl“ :hzs ° provided to patient. Create innovative tech
microbiological profile. s:flflilttzli:::l;h:ita';llzs?
wound healing disorder.
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Patient

Receives care for her
wound.

Pharmacy
Provides medication and
surgical supplies for
treating the wound.

Family Wound care specialist

Supports patient throughout Monitors the treatment and
the treatment process. healing progress
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Insurance company Medical device companies
Couvers the patient’s treatment Create innovative solutions
costs and costs for wound that help to treat wounds.
treatment material.
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Patient Family

Receives rehabilitation Supports and encourages
services from providers. patient to follow the rehab
plan.

Physical therapist
Helps the patient to recover by Helps the patient deal with
providing personalized psychological issues like stress
therapy. and depression.

Psychotherapist

Wound care specialist

Follows up with patient to
ensure effective recovery.

MedTech companies
Design devices and innouative
technologies that aid in
rehabilitation.
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Patient
Routinely visits the doctor
for health check-ups and

potentially to get treated
for underlying conditions.

\/
Wound care specialist
Monitors the wound healing

progress and accordingly
adjusts medications.

Family
Supports and reminds
patient of routine follow-
ups.

Dietitian
Suggests appropriate

meal plans to maintain a
healthy diet.

General practitioner
Regularly sees patient to
check health status.

VAW

Pharmacy
Provides medication in case
the patient needs to be
treated for an underlying
condition that causes the
wound healing disorder.

HIGHLIGHT DATA FROM
A COLLECTION OF

pain points

56

connected to

solutions

Patient wishes to lead a healthy lifestyle but struggles especially with a

nicotine addiction.

1)

g PAIN POINT A

Nicotine abuse causes constriction of
blood vessels, leading to disturbed
microcirculation which impacts
wound healing negatively.
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SOLUTION
Process innouation

Interactive smoking
cessation programs

A group program, based on proven
addiction and behavior change
models offers a structured,
systematic approach to quit
smoking, where each session is
designed to help tobacco users gain

control over their behavior.!
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Obesity and an imbalanced diet with
a lack of vitamin A, vitamin C, and
zinc can impair wound healing.

SOLUTION
Digitalization
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* Digital diet app

It provides food recommendations
and recipes to help patients
maintain a balanced diet, as well
as order ingredients online within
a budget. Additionally, workout
plans can be suggested.?

After having a minor accident, the patient suffers from a non-healing
wound. She experiences signs of wound infection with reddening,
swelling, local temperaturerise and exudate.
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Patients are often not aware of the| | people in rural areas are lacking| [Due to COVID-19 pandemic and

symptoms  of impaired wound access to primary care, let alone consequently the infection risk,

healing, or they don‘t take them
seriously.

patients avoid visiting the general
practitioner in early stages of wound

wound specialists.

changes.
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Process innovation Digitalization

Wound care
awareness

Campaigns can be organized to
raise awareness on types of
chronic wounds such as diabetic
foot ulcer, arterial and venous
ulcers, or pressure ulcers, and
educate patients about the
prevention, early symptom
recognition, and care for non-
healing wounds.°
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* Telemedicine

Patients can schedule online
consultation appointments and
have their wounds checked
online through
teleconsultation, wherever
they are. Besides, a
smartphone-enabled tele-
wound monitoring framework
can be used for remote wound
monitoring.!!
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The patient gets physically examined in a wound care center. A swab of the
wound's exudate is sent for microbiological examination.
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Clinical examination of wounds can Inaccurate assessment of]
be time-consuming and subjective. cutaneous wounds, such as burns,
chronic skin ulcers, and surgical
wounds may increase the risk of
scarring and/or infection.’
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Digitalization

SOLUTION
Clinical innovation
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Automatic computer aided
measurements

Optical coherence
tomography

By taking a short video of a wound Using low-coherence interferometry,
rather than a still image, Al computer it can produce high-resolution cross-
vision can make a 3D measurement, sectional images of the wound
allowing to automatically measure severity, depth and internal
length, width, surface area and even microvascular structure in burn
depth of the wound. It can be used at wounds. Potentially, it can be used to
the point of care to automate and quantify epithelialization, collagen
standardize the wound care deposition, and inflammation to
documentation workflow.1¢ assess and monitor the progress of
chronic wound healing.®

3 4

Wound debridement and dressing is done regularly, and progression of the
wound healing is closely monitored.
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g PAIN POINT A

It can be challenging for healthcare
professionals to accurately identify,
diagnose and treat non-healing
wounds if they are not well-trained.
Moreover, in some settings, access to
patients with a certain type of

\wound/s is difficult.? )
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Digitalization

b o e

Ols+o
R ® R

E Virtual reality
wound care training

VR simulation based wound care
education and training provides
healthcare professionals a deeper,
interactive, and intuitive learning
experience in a realistic and risk-
free environment. Additionally,
incorporation of assessment helps
to measure their proficiency and
identify areas for improvement.z
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g PAIN POINT A

Disruption in cellular and tissue
repair process impairs wound
healing, and there is often a lack of
data regarding the state of the
wound during the healing process.?*
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SOLUTION
Sensing

E Smart bandage

A smart dressing integrated with a
microenvironment sensor and a
hydrogel compound can aid in real
time wound monitoring by providing
wound data to the medical staff to
assess the healing state, and
increase the expression of vascular
endothelial growth factor to
promote angiogenesis and thus
healing, respectively.®
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The physical therapist is guiding the patient through the rehabilitation

exercises.
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Repetitive nature of the conuentional
rehabilitation method has a
detrimental effect on a patient's drive

to overcome obstacles.
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Digitalization
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* VR in rehabilitation

Using a simulated environment,
virtual reality-based training can

2

g PAIN POINT A

Patients with chronic non-healing
wounds are likely to suffer from
stress and depression.
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Digitalization
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* Online support groups

Wound healing support groups and
discussion communities connect the

The patient tries to take care in order to reduce further risk of wound
healing disorder. In case of an underlying medical conditition, medications

might need to be taken.
g PAIN POINT A

Patient may not adhere to the wound
care regime.

SOLUTION
Automation & Digitalization

E Care bot

A personal robot powered by Al
can assist the patient and monitor
his/her vitals as well as progress
with respect to wound care, food,
exercise, and prescription intake.
Moreover, it can capture Llive
image or video of the patient’s
wound and upload it to the cloud,
where it is accessible to the
healthcare provider.3®
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g PAIN POINT A

Recurrence rate is high in venous
ulceration.?¢

SOLUTION
Process innouvation

* Self care measures

Patient compliance with a
regime of skin hygiene, limb
elevation, elastic compression,
and weight loss can help treat
and preuvent venous ulcers.?637
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different stakeholders

Solution categories

Existing in healthcare
sector

Ongoing research in
healthcare

Futuristic solution

g PAIN POINT A

Uncontrolled blood glucose can lead
to delayed wound healing, but
diabetic elderly are often
overstrained by invasive blood
glucose  monitoring or  self-
controlling their blood glucose
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* Smart glucose monitor

Wearables can monitor the blood
glucose regularly and send data
automatically over a cloud
platform to the physician who can
control the required insulin dose
through loT.3#

PAIN POINT A

Diabetic patients are at risk for
developing foot ulcers that often go
unrecognized due to reduced pain
sensation. Moreover, once developed,
these are difficult to treat due to
impaired wound healing in diabetics.
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Sensing & Digitalization
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* Smart socks and
insoles

With integrated sensors, these
can help monitor pressure,
temperature and activity of the
foot and provide real time
alerts and notifications to the
patient or healthcare providers
to detect early signs of injury.
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PAIN POINT A

Bedridden patients risk developing a
decubitus ulcer (bedsore) if they are
not frequently repositioned.

l

SOLUTION
Sensing

* Thermal smart mats

A temperature monitoring
foot mat uses remote
thermometry monitoring to
measure plantar  foot
temperatures, which allows
early detection and
intervention for diabetic
foot ulcers.®

(may or may not be

implemented)
Disclaimer:
This publication on the wound healing disorder
pathway framework was updated

on 09.06.2023. It cannot be taken as a
recommendation for the readers, especially not as a
guideline for treatment, and it is not a medical
document. There is no guarantee for completeness or
global correctness, the wvarious pain points,
solutions, and statistical data are examples only.
Sources are multiple, such as public statistics, expert
opinions, open innovation workshops, research, own
data and many more (see references).

The products and features mentioned may not be
available in all countries and their future
availability cannot be guaranteed. Some products
mentioned are planned and under development.

Website:
https://www.siemens-healthineers.com/innouation-think-tank

SOLUTION
Automation

* Automated beds

An automated, programmable,
remote or voice controllable bed
that can be adjusted to reposition
the patient can help achieve even
distribution of pressure throughout
the body or shift in the pressure
points frequently. Using an air or
water mattress further ensures
patient comfort.”:

Sources:

1. American Lung Association. (n.d.). Join freedom from smoking. American Lung Association. Retrieved June 7, 2023, from https://www.lung.org/quit
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*AI based pressure injury

prediction

Using electronic health records
and administrative data from a
health system, an Al can examine
the contributing factors for
development of pressure injuries.
Such prediction model can aid in
prescreening the patients at risk.®

g PAIN POINT A

Symptoms of impaired wound healing
like persisting redness, pus and
swelling, if undetected or ignored, can
Llead to bacterial infections spreading
throughout the body which may cause
life threatening complications Llike

sepsis and/or necessitate amputation.
P —
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SOLUTION
Sensing

@ O

E Real time near-infrared
camera

High  resolution

portable camera

fr

near-infrared
can  detect
bioluminescence, associated with
increased reactive oxygen species
activity during wound healing. This
device could assess the extent of
wound inflammation and infection.'?
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E’ Wearable sensors

Temperature, pH or sound sensors
can be incorporated with wound
dressing to monitor wound healing
status and detect infection early
on. Additionally, alerts can be sent
to physicians through an app,
which aids in early wound care. 3%

g PAIN POINT
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Post-operative complications are
often not detected until the patient
experiences systemic symptoms Llike
fever, tachycardia or pain.**
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Microbiological wound sampling Ultrasonography is highly operator
may sometimes be suboptimal if the dependent, and there are chances of
sample is not taken from misinterpretation of images if the

diagnostically relevant areas of the user lacks proper training and

wound which may contain clinically expertise.

significant bacteria.*®
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Clinical innovation Automation

* Deep learning for image

E Autofluorescence image-
interpretation

guided sampling

A hand-held, portable, point of care Deep learning supported analysis of
optical imaging device can detect the ultrasound images can
presence of moderate and heavy automatically  extract  cross-
bacterial load in the wound in real sectional wound size and depth
time, thus helping clinicians to identify information, as well as evaluate
wound areas with significant bacterial vasculature and spatial information
load faster and maximize sampling of to give insight into the healing
treatment-relevant pathogens.® process.
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Often, wounds fail to achieve
sufficient healing if the diagnosis is
inaccurate and/or the selection of an
appropriate therapy is not evidence
based.*
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Lack of oxygen to the wound can
impede the healing process and
increase the risk of complications.

SOLUTION
Sensing

E Oxygen generating
sensors

An inexpensive, paper-based,
biocompatible, flexible wearable
platform consisting of continuous
oxygen delivery system and
sensing can aid in Llocally
generating and measuring oxygen
in a wound region, thus
eliminating the need for large
external devices or the need to go
to a patient care facility to receive
the treatment.2¢

g PAIN POINT A

Complex chronic wounds still
represent a major challenge with
conventional treatments failing in
some cases.
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SOLUTION
Clinical innovation

E Advanced therapeutic
interventions

Techniques like bio photonic therapy,
electrotherapy, therapeutic
ultrasound, laser technology, and
nanotechnology have the potential to
stimulate and accelerate the wound
healing process. Example, by using
silver nanomaterials, nitric oxide
containing nanocarriers of therapeutic
agents, or growth factor incorporated
nanomaterials, nanotechnology-based
therapy can address a dysfunctional
healing process at multiple cellular
levels leading to a better and faster
result.?’.28
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like

Post-surgical wound dehiscence can
be a complication of interventions

transplantation, colon resection,
orthopedic surgery, or gynecological
procedures such as Caesarean
\section.

laparotomy, organ
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make the traditional patient, family, friends, and

rehabilitation  process more caregivers for support and

engaging and immersive, inspiration. The platform enables

producing an experience that is the patients to communicate and

effective, positive, and express their thoughts and feelings,

motivational.3! and the caregivers to provide coping
strategies and more insights on
wound care.3?
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PAIN POINT

Patients with complex wounds may
need an amputation, which can have
a physical and psychological impact

on them.
\. J
SOLUTION SOLUTION
Sensing & Automation Process innovation

E’ Intuitive prostheses

Such systems can tap into the brain,
nerves or muscle tissue to let amputees
simply think about moving their limbs
and the prosthesis responds as
intended. This can be achieved by
targeted muscle reinneruation,
epineural or intraneural electrodes.??

* Psychological interventions

Cognitive  behavioral  therapy,
meditation, acceptance and
commitment therapy can help the
patients to adapt more quickly and
relieve the emotional burden caused
by amputation.3*

g PAIN POINT A

It can be cumbersome for old patients
with non-healing wounds or ulcers,
and multiple comorbidities to attend
follow-up appointments.
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E’ Wound evaluation system

Development of effective wound
healing assessment and
management systems that allow
the doctor to evaluate the wound
healing remotely using a camera
and sensors like temperature,
pressure, moisture, strain, pH, uric
acid and cytokine can enable real
time monitoring.32

g PAIN POINT A

Poor nutrition can prolong the
healing process and reduce the
wound strength, making it more

prone to breakdown.
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* Nutrition platform

A platform that allows patients to
book online appointments with
nutritionists/ dieticians for meal
planning, recipes and nutritional
analysis can enable patients to
follow a healthy diet.*®
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Wound assessement and

documentation using digital

photography is often cumbersome,
time consuming, labor intensive, and

contamination.

increase the risk for cross
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E Smart sutures

A surgical stitch incorporating a medical
grade silk suture and an electronic
sensor functions as a radio-frequency
identification (RFID) tag and can be read
by an external reader. A change in the
frequency of the
indicates a possible surgical
complication such as breakage of suture,
gastric leakage or infection at the wound
site, alerting the attending doctor to take
action.’s

reflected signal

SOLUTION
Clinical innovation

E Digital twin

With factors including blood flow,
inflammatory response, and bacterial
growth, a digital twin can simulate the
wound's behavior over time, suggest
potential underlying causes of the non-
healing wound, and propose diagnostic
pathways, aiding in decision support by
streamlining the diagnostic process and
guiding healthcare providers toward
evidence-based  assessments
treatments.?2
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SOLUTION
Clinical innovation
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E Autologous micro-
grafts

A medical device that acts as a
biological disruptor of human
tissues can identify progenitor
cells which have the ability to
differentiate into wvarious cell
types and regenerate damaged
tissue. These cells together with
growth factors can be used as
autologous  micro-grafts and
applied on the wound to help it
heal faster.?°

SOLUTION
Clinical innovation
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B Recombinant type |
collagen gel

When bioengineered
recombinant type 1 collagen is
mixed with saline, it creates a
collagen-fibrin matrix which
promotes tissue repair and
migration, while supplying a
structural support scaffold upon
which new tissue can be formed
at an enhanced rate. This can
optimize the treatment of
dehisced wound.?°

SOLUTION
Digitalization
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Hands-freeimage
capturing device

It can be used to capture, tag, and
transfer digital images to a
patient’'s medical record by
leveraging the camera and
internal sensors of a wearable
computing device. With this,
pictures can be captured in a more
hygienic way, and critical
mistakes like image mislabeling
or uploading data to the wrong
chart can be reduced.*°

2. Healthline Media. (n.d.). A Dietitian’s Picks of the 10 Best Nutrition Apps to Download . Healthline. Retrieved June 7, 2023, from https://wwuw.healthline.com/nutrition/top-iphone-android-apps 3. Marcin, A., & Coelho, S. (n.d.). 7 best glucose monitors and meters. Healthline. Retrieved June 7, 2023, from https://www.healthline.com/health/diabetes/best-glucose-monitors#our-picks 4. Gupta, T. (2021, February 18). loT-Based Glucose Monitoring Systems. Copperpod IP. Retrieved June 7, 2023, from https://www.copperpodip.com/post/iot-based-glucose-monitoring-systems 5. ATA. (2020, August 24). Sensors help to prevent foot ulcers. Textile Technology Source. Retrieved June 7, 2023, from https://advancedtextilessource.com/2020/08/24/sensors-help-to-prevent-foot-ulcers/ 6. Soban, L. (2020, February). Tech takes on diabetic foot ulcers. Lower Extremity Review. Retrieved

June 7, 2023, from https://lermagazine.com/article/tech-takes-on-diabetic-foot-ulcers 7. Premkumar, S., Girithar, T. A., Kumar, P. N., Saimothish, R., Malani, V.A. , & Jacob, R. (2021, Murch) 5-Position 4-actuator automated bed to prevent bed sores. In Journal of Physics: Conference Series (Vol. 1831, No. 1, p. 012024). IOP Publishing. 10.1088/1742-6596/1831/1/012024 8. HelloCare Pty Ltd. (2019, November 6). Bed Automatically Repositions Patients To Prevent Bedsores. Hellocare Retrieved June 7, 2023, from https://hellocare.com.au/bed-automatically-repositions-patients-prevent-bedsores/ 9. Premkumar, S., Girithar, T. A., Kumar, P. N., Saimothish, R., Malani, V. A., & Jacob, R. (2021, March). 5-Position 4-actuator automated bed to prevent bed sores. In Journal of Physics: Conference Series (Vol. 1831, No. 1, p. 012024). IOP Publishing. https://doi.org/10. 1186/512911 021-01608-5 10. Healogics, LLC. (n.d.). Education, Prevention and Care for Non-| Heullng Wounds. Healogics. Retrieved June 7, 2023, from https://www.healogics.com/wound-care-awareness/ 11.
.. & Haick, H. (2021). Wearable sensors and systems for wound heallng related pH and temperuture detectlon Mlcromachlnes 12(4), 430. https://doi.org/10.3390/mi12040430 14. Kent, C. (2019, August 13). Smart sensors detect wound healing through tissue changes. Medical Device Network. Retrieved June 7, 2023, from https://www.medicaldevice-network.com/news/smart-wound-sensors/ 15. healthcare-in-europe.com. (2022, January 1). Smart sutures to monitor deep surgical wounds. healthcare-in-europe.com.
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