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Successful wound management outcomes pri-
marily focus on objective measures such as rate 
of wound healing, number of ulcer-free days, 
occurrence of infection, amputation rates, recid-
ivism, and mortality. This information can be 

obtained through data mining of electronic medical record 
(EMR) systems or wound care registries, but these com-
monly reported parameters rarely consider the patient ex-
perience. There is a push within the wound management 
community supporting the collection of patient-reported 
outcomes measures (PROMs) and patient-reported experi-
ence measures (PREMs).

	 Through surveys and interviews, patients can pro-
vide useful information on all aspects of their care in-
cluding overall satisfaction of treatments, symptoms and 
severity, quality of life, mental health, and social inter-
actions. By analyzing this data, healthcare professionals 
and organizations can better understand if services and 
procedures are contributing to the health status of a 
given patient population.1 Additionally, this information 
can be used to determine treatment algorithms, drive 
policy, impact health service offerings, and influence 
quality performance measures.1

	 Chronic or hard-to-heal wounds can be defined as 
wounds that have not reduced in size by 40% to 50% 
within 1 month after onset.2,3 Chronic wounds affect over 
10.5 million Medicare beneficiaries in the U.S. alone, rep-
resenting a significant burden to the healthcare system.4 
Chronic non-healing wounds also take a significant toll on 
all aspects of patients’ lives. Living with a chronic wound 
can be demanding and restrictive. Daily routines become 
dictated by clinic appointments, tests, and bandage chang-
es—all taking many hours over the weeks of therapy.

	 Indirect consequences of living with a chronic wound 
such as pain, exudate, and odor often contribute to so-
cial isolation. Research has shown that chronic wound 
patients limit social interactions and experience impair-
ments in all aspects of social interactions.5 Social iso-
lation can contribute to depression, anxiety and sleep 
disturbances, compounding the impact on quality of life. 
Additionally, many patients are unable to participate in 
the activities they love. Limited ability to engage in phys-
ical activities that help them cope can increase stress and 
even escalate pain.6

	 In fact, studies have reported that pain associated 
with chronic wounds is one of the symptoms that patients 
find particularly distressing.7 Chronic wounds cause de-
creased functional ability and quality of life (QOL) for 
1% to 3% of individuals 60 years and older.8 QOL was 
a predictor of major amputation and death for patients 
who experienced all or some of the QOL deficits (mobility 
restrictions, self-care deficits, inability to perform usual 
activities, pain, and discomfort).9

	 The healing process for a chronic wound can take 6 to 
8 months or longer; some patients live with their wounds 
for 15 years or more.
	 The prevalence of pain with chronic wounds is 48% to 
81%, with 19% to 46% of patients reporting moderate to 
severe pain.8 Wound pain can be classified as nociceptive 
or neuropathic, with differing characteristics for each.7

	 Nociceptive pain is the normal physiological response 
to a painful stimulus and serves as a biologic function 
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to warn of injury.8 Nociceptive pain 
usually presents as aching, throbbing, 
gnawing, and tender symptoms.7,8

	 Neuropathic pain is caused by 
dysfunction or damage in the ner-
vous system, causing signals to 
travel in abnormal pathways10 and 
can be described as burning, sting-
ing, shooting, stabbing, cramp, and 
numbness.7,8

	 In addition to injury-associated 
pain, chronic wounds are character-
ized by endogenous inflammatory 
mechanisms that lower the threshold 
of peripheral nociceptor stimulation, 
which in turn intensifies pain levels.10 
Combined with the added problems 
that ischemic nerve injury may take 
time to resolve and ischemic wounds 
are higher risk to develop infection 
and subsequent infection-related pain, 
this causes a vicious cycle of ongoing 
pain as summarized in Figure 1.

Pitfalls in Pain Management
	 Effective pain management can 
improve patient QOL and reduce resource consumption 
related to global care management.11 The World Health 
Organization (WHO) Analgesic Dosing Ladder, originally 
developed for cancer patients, is frequently applied for 
effective wound pain management.7 This ladder employs 
a three-step system to recommend increasingly potent 
treatments based on increasing pain severity scoring, as 
detailed in Figure 2.
	
The Alarming Rise in Opioid Use
	 Opioid use is rising alarmingly with prescriptions 
in the United States increasing 272% from 76 million in 
1991 to 207 million in 2013.13 Furthermore, concurrent 
issues with opioid overuse, misuse, and addiction are 
much more prevalent.14,15 In the United States, there were 

142,557 opioid-involved overdose emergency room visits 
between July 2016 and September 2017, and over 60,000 
opioid-related deaths in 2017.13

	 Drug overdose-related deaths escalated in the U.S. 
during the first year of the COVID-19 pandemic, noting a 
30.6% increase in the first 12 months. This phenomenon 
was seen widespread across the country with as many 
as 47 states logging statistically significant increases in 
drug-related overdose deaths from 2019-2020.13 To date, 
opioid addiction remains at epidemic levels in the U.S. 
and worldwide. The United States accounts for 80% of all 
opioid consumption in the world.
	 Opioids are still commonly prescribed for moderate to 
severe and persistent chronic pain in wound care,7 even 
though opioids are known to have risks such as depen-

dence and overdose. In 2022, 
the CDC published updated 
guidelines for prescribing opi-
oids for pain control with the 
goal of equitable, safe, and ef-
fective individual pain man-
agement.16 The consensus doc-
ument recommends the judi-
cious use of opioid use based 
on risk analysis after failure of 
a comprehensive non-opioid 
based treatment plan.16

	 Not only are opioids ad-
dictive with potentially seri-
ous complications, but this 
class of drugs can also have 
a negative impact on tissue 
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     Figure 1: Cycle of pain in chronic wounds

Figure 2: The WHO ladder of pain management. Modified from12.
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repair in wounds. Narcotic pain medications can reduce 
immune system activation, decrease endothelial prolifer-
ation, impact tissue oxygenation, alter fibroblast recruit-
ment, and impact keratinocyte function.17

	 Interruptions in any one of these physiological func-
tions can interfere with the wound repair process phases, 
thus causing improper or impaired wound healing and 
chronic non-healing wounds. These risks, combined with 
reports that certain pain such as ischemic pain can be 
refractory to NSAID and opioid treatment, highlight the 
unmet clinical need for alternative interventions to aid 
both pain management and healing in wounds.18

Topical Oxygen Therapy
	 Following injury, poor blood circulation, edema, 
injured microcirculation, and contraction of vessels in 
traumatized tissue limit oxygen distribution to a wound, 
thereby reducing the wound’s capacity to heal.19,20 
Wound repair and tissue regeneration is heavily reliant 
on the presence of adequate oxygen levels within the 
injured tissues with essential roles in multiple wound 

healing processes including oxidative killing of bacteria, 
cellular signaling and proliferation, collagen deposition, 
and angiogenesis.20,21

	 Despite a critical need for oxygen, levels are frequent-
ly insufficient in patients with chronic wounds due to a 
variety of systemic disease states causing poor circulation, 
inactivation of growth factors, and cellular senescence. 
Low levels of oxygen in the wounded tissues will prolong 
healing and cause physical symptoms such as wound pain.
	 The use of supplemental oxygen for wound healing 
can be traced back to the 1960s.22 Nevertheless, the evi-
dence supporting the utility of topical oxygen therapy in 

wound management has continued to mount in recent 
years. In February of 2022, the American Diabetes Asso-
ciation published a clinical compendium concluding that 
the “evidence supporting topical oxygen’s efficacy in heal-
ing chronic DFUs can no longer be disputed”.23

	 Similarly, the 2023 consensus document published 
by the International Working Group of the Diabetic Foot 
(IWGDF) made the recommendation to consider adjunc-
tive topical oxygen therapy for the treatment of hard-to-
heal DFUs.24 These international guidelines reflect the 
results of published randomized clinical trials (RCTs), 
meta-analyses, and systemic reviews with statistically 
significant improvements in outcomes for chronic wound 
patients treated with topical oxygen therapy.25–32

Topical Oxygen Therapy and Pain Management
	 Pain is often an indication that the underlying patho-
physiology of the chronic wound has not been identified 
or treated effectively. Untreated pain can contribute to 
lack of patient compliance or adherence to treatment 
regimens and prolong healing. Chronic wound pain is 
multifactorial. Tissue damage, nerve injury, blood vessel 
dysfunction, ischemia, bacterial contamination, and in-
fection can all be contributing elements. Different pain 
characteristics have been associated with various wound 

etiologies (Table 1).
	 Management of wound pain re-
quires a multifaceted approach. It is 
imperative to determine the underly-
ing etiology and pathology causing the 
pain to break the cycle.7 Wound healing 
often stalls in the inflammatory phase, 
causing the wound to become non-heal-
ing or chronic. Physiological features of 
chronic wounds such as high metabol-
ic activity in the tissues, edema, poor 
microcirculation, diffusion constraints, 
and O2 consumption by bacteria affect 
tissue oxygenation.

Continued on page 80

Pain is often an indication that the 
underlying pathophysiology 

of the chronic wound has not been 
identified or treated effectively.

Pain Characteristics Associated with 
Different Chronic Wounds33-35 

TABLE 1

Wound Type 	 Pain Description

Venous Leg Ulcer	 Aching, heaviness 

Arterial Ulcer 	 Cramping or spasms with activity 

Pressure Injury 	 Inflammatory or irritation from pressure and friction

Diabetic Ulcer 	 Burning, tingling, shooting, and or stabbing 
	 (continuous or intermittent)

Figure 3: The continuous topical oxygen therapy device (cTOT), NATROX® O2
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	 Additionally, physical damage due to 
extensive tissue injuries disrupts the mi-
crovasculature and reduces tissue oxygen-
ation.36 Moreover, the requirement for oxy-
gen is three times greater in wounded tis-
sues than in intact tissue.37 Tissue hypoxia 
can cause pain, decrease tissue repair and 
regeneration, and increase infection rates. 
Worsening or a change in the quality of 
pain may be a signal of wound deteriora-
tion or infection.38

	 Leukocyte production and function is 
compromised in low oxygen environments, 
allowing bacteria to persist and invade the 
wound environment and causing infec-
tion.39 The presence of bacteria in a wound, 
particularly if multiplying rapidly due to an 
infection, cause additional drain on local 
oxygen availability. Thus, higher O2 levels 
are required to reverse local hypoxia in 
wounded tissues and facilitate the host 
response to wound infection, and aid anti-
biotic effectiveness and wound progression 
through the healing cascade.20,36,40

	 In a recently published manuscript by 
Jebril and colleagues,41 the utilization of 
topical oxygen to treat chronic venous leg 
ulcers contributed to a 76% reduction in 
substantial pain in the study cohort. This 
20-patient retrospective pilot study also re-
ported that 69% of patients stopped opioid 
use while 53% had complete resolution of 
all pain symptoms.41 While the exact mech-
anism of action is not yet understood, this 
initial trial illustrates the potential of top-
ical oxygen therapy as a treatment option 
to support not only wound healing, but 
chronic wound pain management.

Wound Progression and Pain 
Management with Topical Oxygen 
Therapy: Case Example
	 The author has been using the NA-
TROX® O2 (Figure 3), Inotec AMD, Cam-
bridge UK) continuous topical oxygen ther-
apy (cTOT) in her clinical practice for the 
past 4 years. The NATROX O2 device is 
FDA-cleared, compact, and battery-oper-
ated. The oxygen generator delivers 98% 
pure, humidified continuous oxygen 24/7 
to the wound through a tube connected to 
an oxygen delivery system. The device is 
lightweight, portable, discreet, easy to use, 
and importantly allows patients to main-
tain mobility during treatment.
	 cTOT has been validated as a low-risk, 
adjunctive therapy for wound management in a variety 
of chronic wound types and across a wide range of care 
settings. Herein, we will provide a patient case report il-

lustrating the utility of NATROX O2 cTOT 
to successfully treat a painful, non-healing 
venous leg ulcer.
	
History
	 A 77-year-old female patient with a 
history of venous insufficiency, varicose 
veins, hypertension, and degenerative 
joint disease presented to the outpatient 
wound clinic with a non-healing wound of 
2 months duration. The patient had orig-
inally hit her leg on a car door causing a 
small laceration that continued to deterio-
rate over the last 6 weeks. The patient had 
been seen by her primary care physician 
for this complaint without much success.
	
Initial Presentation
	 The wound base was covered with 
adherent slough and the wound area was 
measured at 3.06 cm2 (Figure 4a). She re-
lated that her pain was 10 out of 10 on the 
visual analog scale.
	 After a complete patient and wound 
assessment was performed, the diagnosis 
of a non-healing venous leg ulcer was 
made and a treatment regimen consisting 
of wound debridement, NATROX O2, algi-
nate, and multi-layer compression bandag-
ing was initiated.
	 The patient was seen weekly in the 
wound clinic for evaluation. By week 2, the 
base of the wound was beefy and granular, 
the wound dimensions had reduced to 1.77 
cm2 and the patient’s pain had dropped to 
3 on a 10-point scale (Figure 4b).
	 The treatment plan, including continu-
ation of NATROX O2 therapy, was adhered 
to. By week three the patient was com-
pletely pain-free and the wound continued 
to progress on a healing trajectory (Figure 
4c). By week 5, the wound had reached 
complete closure with 100% epithelial tis-
sue and no associated pain (Figure 4d).
	
Conclusion
	 Improving the patient journey and in-
creasing QOL for patients suffering from 
chronic wounds is vital. PROMs, PREMs, 
and QOL data have given way to the con-
cept of patient-centered care. Individual-
ized care delivery and its application to 
wound management is becoming increas-
ingly important to payers, facilities, and 
caregivers. At its core, individualized care 
focuses on addressing specific goals and 

addressing adverse factors affecting patients with wounds 
to promote their overall wellbeing.
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Figure 4a: Wound at initial presentation

Figure 4b: Wound at 2 weeks

Figure 4c: Wound at 3 weeks

Figure 4d: Wound at 5 weeks
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	 Treatment plans and applied therapies must remain 
flexible and encompass the needs of the individual pa-
tient, diverting from a one-size fits all care regimen, with 
different underlying problems and care needs. Adequate 
pain management is an essential part of this journey 
and can help improve patient compliance with treatment 
plans.
	 Reversal of hypoxic conditions in any non-healing 
wound can support faster healing by supporting in-
creased demand for oxygen tissue repair and the immune 
response and to minimize barriers to healing such as 

inflammation, infection, and biofilm—thus breaking the 
cycle of non-healing and wound pain. NATROX O2 cTOT 
is an option that supports wound healing and pain man-
agement and is well tolerated, easy to use, and readily 
adopted by patients, thus increasing patient quality of life.
	 As patient perspectives on wound care treatments 
will increasingly impact utilization, the use of novel and 
innovative therapies such as cTOT will continue to impact 
care algorithms. The need for additional studies to deter-
mine the exact mechanism of action and the application 
to a larger cohort of patients does exist, but early clinical 
reports are promising. PM
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