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ABSTRACT

Background
Ischaemic wounds are notoriously difficult to treat,
as poor perfusion often leads to chronic, non-healing
wounds.

Aim
This case study describes the successful treatment
of an ischemic ulceration in a neonate using topical
oxygen therapy (TOT).

Methods

A large necrotic ulceration quickly developed over
the left gluteal area in a 2-week-old child and en-
larged to cover the entire gluteal area in one week.
The aetiology of the wound was ischaemic, due to
internal iliac artery thrombosis after an umbilical vein
catheterisation. The wound was initially managed
using the standard of care and surgical debridement
of the necrotic tissue with saline dressing; however,
the condition worsened with the development of a
new necrotic patch.

Topical oxygen therapy (TOT) was applied using
the M.O.1.S.T. concept. After the second surgical
debridement, TOT in the form of haemoglobin spray
was administered on alternate days and a moist
dressing was applied.

Results / Findings
The wound healed progressively, with granulation
tissue formation and epithelisation after 6 weeks.

Conclusions
Wound management in neonates is extremely chal-
lenging, due to their relatively small physical size
and the preference for less invasive management
strategies.

Implications for clinical practice
TOT has proven to be an easily accessible, effica-
cious, non-invasive and cost-effective method for
treating ischaemic wounds in neonates.

BACKGROUND
Adequate oxygenation is one of the keys for achieving
wound healing. Oxygen plays a pivotal role through-
out the process of normal wound healing, namely
for controlling inflammation and proliferation and
tissue remodelling.! During the inflammatory stage
of the wound-healing process, the respiratory burst of
activated phagocytes consumes oxygen to produce re-
active oxygen species. A similar process happens when
a wound becomes infected. Besides that, oxygen is
vital for activating the transcription factors that pro-
mote angiogenesis stimulated by lactate production
by the NADPH oxidase of phagocytes. The rate of
connective tissue formation is also heavily dependent
on oxygen availability for fibroblast proliferation and

collagen maturation.?

Many chronic wounds develop when the partial pres-
sure of oxygen is below the critical hypoxic threshold
level. Hypoxia can be caused by damaged vascula-
ture, such as trauma, cardio-embolic or atheroscle-

rotic processes, or other systemic conditions that lead
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to shock and poor perfusion. Diffusive constraints
due to oedema and oxygen consumption by bacte-
rial biofilm can also contribute to hypoxic wounds.?
Ischemic wounds are notoriously difficult to treat
and often become chronic and non-healing.? This
leads to a vicious cycle, as neutrophil accumulation
in chronic wounds due to ongoing tissue damage and
debris further depletes oxygen in the wound bed,
hence impeding wound healing.

Providing supplemental oxygen to wounds has been
shown to deliver nutrients and immunoglobulin, mo-
bilise bone marrow-derived endothelial progenitor
cells and modulate redox-sensitive gene expression to
accelerate wound healing and reduce rates of infec-
tion; this has traditionally been provided in the form
of systemic hyperbaric oxygen therapy (HBOT).
HBOT is defined as 100% oxygen delivered sys-
temically at 2 to 3 times the atmospheric pressure
to raise the partial pressure of oxygen systemically
from 10 to 15 times the normal value, thus creating
an oxygen diffusion gradient into hypoxic tissue to
maintain transcutaneous oxygen levels (tcPO2) of
30 mmHg or greater, the optimal level for devel-
oping normal granulation. HBOT is also known
to stimulate fibroblast proliferation and differentia-
tion, promote collagen formation and cross-linking,
encourage neovascularisation, reduce oedema and

enhance leucocytes’ microbial-killing abilities.’

Recently, topical oxygen therapy (TOT) has emerged
as a more promising alternative for delivering oxygen
topically to wounds, as HBOT is limited by cost,
availability and the risk of systemic oxygen toxicity.
TOT is only effective when the oxygen delivered can

diffuse through the tissue into oxygen-deficient cells.
There are four main categories of TOT: (1) topi-
cal pressurised oxygen therapy (TPOT), (2) topical
continuous oxygen therapy (TCOT), (3) wound
dressings that release oxygen and (4) topical oxygen
emulsion. A sustained increase in the level of vascular
endothelial growth factor (VEGF) has been shown in
recent studies to be useful with TOT for promoting
chronic wound closure in arterial and venous wounds

and in pressure injuries.®

AIM
This case study illustrates the successful treatment
of an ischemic ulceration in a neonate using TOT
combined with the modern M.O.L.S.T. wound care
concept. Wound care in the neonatal population is
rudimentary and lacks evidence-based recommen-
dations, so care protocols are largely adapted from

adult guidelines.

‘M.O.LS.T. are the factors to consider when manag-
ing difficult-to-heal wounds. The acronym stands for
Moisture balance, Oxygen balance, Infection control,
Support and Tissue management.” These factors form

the basis for promoting moist wound healing.

Wound care in pre- and full-term neonates may differ
from adults, due to their immature skin structure,
which makes them more susceptible to infection,
the toxicity of topical medications or dressings, blis-
ter formation, changes in ambient temperature and
trans-epidermal water and electrolyte loss. Percuta-
neous absorption of common wound care products
containing alcohol, chlorhexidine, povidone-iodine

and silver sulfadiazine can be harmful to the paedi-

Table 1: The M.O.L.S.T. wound care concept (adapted from Dissemond et al, 2017)”

Moisture Balance =~ Oxygen Balance Infection Control  Support Tissue Management
Dry wounds: Haemoglobin Antiseptics Modify the: Wound cleansing:
- Wound gels spray Medicinal honey - Inflammatory - Normal saline
mediators - Ringer’s solution
Moist wounds: Hyperbaric Dialkylcarbamoyl- - Preserved solutions
- Alginates oxygen chloride-coated - Hyaluronic
- Hydrofibre wound dressings acid Debridement:
- Foams Normobaric - Autolytic
oxygen Silver-coated - Matrix metall- - Biosurgical
Superabsorbent wound dressings oproteinases - Surgical
- Enzymatic
-pH
-Growth factors
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Table 2: Structural and Functional Differences between Adult, Term, and Preterm Infant Skin

(adapted from Ness et al., 2013)8

Skin

characteristic Adults Term Infants

Epidermal 50 pm 50 pm

thickness

Cell attachments Normal Normal

Dermis Normal Less collagen and
elastic fibres

Melanosomes Normal Fewer

Eccrine glands Normal Less active for first
7-10 days, less
neurologic control
for first 2-3 years

Sebaceous glands Normal Normal

Hair Normal Less terminal hair

Preterm Infants

27.4 pm

Fewer

Less collagen and
elastic fibres

One-third of

term infants

Total anhidrosis

Normal

Persistent lanugo

Importance

Permeability to topical
agents.More trans-
epidermal water loss

Higher tendency to blister

Less elasticity

More blistering

More photosensitive

Poor response to thermal stress

Possible barrier properties,

atric population. Frequent removal and reapplication
of adhesives can result in full thickness skin tears
and hypopigmentation, hence alternatives such as
hydrocolloid dressings are often used to secure moni-
toring devices instead. The wound-healing process
in children is faster than in adults, but often com-
promised by hemodynamic instability, wound infec-
tion, oedema and malnutrition. The recommended
cleansing solution is a 1:1 dilution of normal saline
with sterile water. Dressings should be protective,
atraumatic to apply and remove and adherent in a
humidified environment. The most commonly used
dressings are transparent polyurethane films, foam
dressings, soft silicone dressings, liquid barrier films,
hydrogels and hydrocolloid dressings.®

METHODS
A 1-week-old child required an umbilical vein cath-
eterisation, which was complicated by internal iliac
artery thrombosis. A necrotic ulcer quickly devel-
oped and enlarged over the gluteal area in one week.
Despite applying the standard of care and surgical
debridement of the necrotic tissue with moist dress-
ing, the wound condition worsened with the devel-
opment of a new necrotic patch. After the second

surgical debridement, TOT in the form of a haemo-

lubricant, antibacterial
Gauge gestational age

globin spray was administered every other day with
a moist dressing based on the modern M.O.L.S.T.
approach. This topical haemoglobin spray is a liquid
spray containing 10% purified haemoglobin applied
as a thin layer over the wound bed and covered by a
non-occlusive dressing. The effect can last up to 24
hours, with a minimum twice-weekly application.
The haemoglobin acts as a carrier for oxygen in a
solution, to bring oxygen and promote wound heal-
ing. When applied to the wound bed, this facilitates
the diffusion of oxygen into the cells.” A previous
randomised control trial demonstrated a significant
reduction in average venous leg wound size by 53%
after 13 weeks of treatment. There is also evidence
of its effectiveness in treating arterial and pressure
ulcers, burns5 and delayed closure due to surgical

site infection.3

RESULTS / FINDINGS
After the first wound debridement, another dry
sloughy patch developed. No granulation tissue was
seen. Subsequently, a second debridement was done
to remove the unhealthy tissue. A moist dressing with
topical haemoglobin spray was then applied with
alternate-day dressing changes. Granulation tissue
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started forming after 2 weeks. The wound healed

progressively with epithelisation after 6 weeks.

‘Wound, 8x8 cm with a dry necrotic

patch at presentation.

Day 7 after debridement, the wound measured

8x8 cm, with a reformation of unhealthy tissue.

Wound, 8x8 cm after the second wound

debridement.

‘Week 3 after commencement of dressing.

Week 4 after commencement of dressing.

Week 6 after commencement of dressing. The

wound healed progressively with granulation tis-

sue formation and epithelisation.

IMPLICATIONS FOR

CLINICAL PRACTICE
Chronic, non-healing wounds carry huge implica-
tions in terms of morbidity and mortality, not to
mention the significant healthcare resources involved.
TOT has proven to be an easily accessible, efficacious,
safe, non-invasive and cost-effective method for treat-
ing ischaemic wounds in a neonate.” It also allows
the patient to remain mobile while on treatment 24
hours per day.'” The main limitation of TOT’s ef-
ficacy is the effective penetration of oxygen into the
cells, which requires a specialised delivery device, as

illustrated in Table 3.3.

The general strategies used in paediatric wound
management are fundamentally similar to those ap-
plicable to adults, based on identifying the wound’s
aetiology, risk factors and managing moisture and

treating infection. However, despite advancements
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in wound care, evidence-based practices in paediatric
wound management still lag behind to their adult
counterparts.!! Clinical decision-making for paedi-
atric wounds is based on a combination of provider
experience and references from a small number of
published clinical practice guidelines.!? This rare case
of ulceration over the gluteal region was managed
according to the availability of local resources. TOT
in the form of haemoglobin spray is a non-traumatic,
non-invasive and an accessible therapy option for

neonatal wound management.

CONCLUSIONS
Ischemic wounds often respond poorly to conven-
tional wound care practices. HBOT is indicated in
certain cases, but it is often limited by accessibility,

cost and adverse effects. TOT is a promising alterna-

tive, but knowledge of its pathophysiology, efficacy

and application are still in the infancy stage.

By contrast, wound management in neonates is
extremely challenging, due to their relatively small
physical size and preferences for less invasive man-
agement strategies. There is also an urgent need for
more research and auditing in paediatric wound care,
to allow evidence-based practices and the revamp-
ing of clinical guidelines specific to the paediatric

population.

Key messages
This case study describes the successful treatment
of an ischemic ulceration in a neonate using topical
oxygen therapy, a non-invasive and easily available

approach in resource-limited settings.
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