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Abstract: Wound healing is a complex and orchestrated process. Oxygen is one of the molecules

that is required throughout the wound healing continuum for various underlying processes from

innate immune response at the inflammatory phase to building of collagen type III at the remodel-

ling phase. Therefore, it is not surprising that, due to primary diseases like venous insufficiency and

diabetes mellitus, hypoxia caused by sustained lack of oxygen is common in chronic wounds.

Adjunct to systemic therapies of the primary disease aimed at revascularizing the tissue, recently

developed technologies are now available that provide topical oxygen-enhanced wound healing.

Several devices are designed to provide pure oxygen directly to the wound either with or without

pressure. Another approach to the provision of additional topical oxygen is to use haemoglobin to

facilitate oxygen diffusion. This phenomenon was first shown more than 50 years ago, but it has

only recently been discovered as a means of improving wound healing. In vitro and in vivo studies

have shown that haemoglobin is capable of transporting oxygen outside of erythrocytes.

Furthermore, several clinical studies have shown a beneficial effect on wound healing in different

wound types. In this review, we summarise publicly available in vitro and in vivo clinical data and

discuss the acceptability and ease of use of haemoglobin spray (Granulox®) in the management of

chronic wounds. In conclusion, currently available data are promising, demonstrating that purified

haemoglobin in an aqueous solution is able to serve as an oxygen shuttle by facilitating diffusion.

No severe side effects have been reported in the literature, implying that it is a safe product. In

clinical studies, it has been observed to improve the speed of healing of different types of chronic

wounds. As a simple spray, it can be used as adjunct treatment in many standard-of-care settings

with only a few limitations.

Keywords: oxygen, hypoxia, facilitated diffusion, topical oxygen therapy, wound healing,

oxygen carrier

Introduction
Chronic Wounds
Chronic wounds are characterised by not healing in an orderly and timely manner

within a time frame of 4 weeks to 3 months.1,2 Prevalence of chronic non-healing

wounds is estimated at 1 to 2% of the population in the industrialised world and it is

speculated that these numbers will increase due to an increase in elderly population

and patients with diabetes or other causative conditions.2–4

The main types of chronic wounds diagnosed are vascular ulcers (eg venous and

arterial ulcers), diabetic ulcers, and pressure ulcers (PUs).1 Due to the various underlying

primary diseases or conditions like diabetes mellitus, venous insufficiency, arterial
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occlusive disorder or other comorbidities, the proper diagnosis

and treatment of such wounds need to be a multidisciplinary

teamplay to enable best care for the patients.1,2,5,6

Consequently, chronic wounds are an increasing burden

for the health care systems worldwide. In Europe, wound

management costs are estimated to account for 2–4% of

health-care budgets.2 As the number of elderly people and

people with diabetes is increasing in developed countries, the

costs of managing chronic wounds therapies are likely to

increase too.7,8 Although the underlying aetiologies may dif-

fer, several characteristics are commonly identified among the

various types of chronic wounds including infections, biofilm,

high level of inflammation, or macro- or microvascular dis-

turbances and hypoxia.1,9,10

Oxygen in Wound Healing
It is well known that an interplay of various biochemical

processes needs to be coordinated in a well-controlled fashion

during all phases of healing to enable a fast and persistent

closure of a wound.11–14 Oxygen is one utmost important

molecular player required during the entire wound healing

process. As well as being required for energy production in

mitochondria (ATP), oxygen plays an important role in many

other processes like antimicrobial defence, cell proliferation,

generation and maintenance of extracellular matrix, angiogen-

esis and cell movement.12,13,15,16

In an acute wound, the disruption of capillaries leads to

a transient local decrease of oxygen within the wound result-

ing in inadequate oxygenation of the tissue (hypoxia). It is well

known that hypoxia serves as one of the initial stimuli to

accelerate wound healing mainly via the transcription factor

hypoxia-inducible factor-1 (HIF-1). This factor is involved in

the regulation of many molecular repair processes in damaged

tissue during hypoxia. As a transcription factor, HIF-1 upre-

gulates the expression of various proteins like cell adhesion

integrins, growth factors (TGF-β, VEGF), extracellular matrix

type I collagen and fibronectin; it also serves as a positive

regulator of various processes during the initial transient

hypoxic phase and entire wound healing as adaptive response

to hypoxia.17–20 In contrast to the acute wound situation where

there is transient and mild-to-moderate hypoxia, one of the

commonly observed factors in non-healing or chronic wounds

is sustained extreme deprivation of oxygen.13,17,20 Cells that

are exposed to prolonged hypoxia convert to a survival mode

mechanism. The consequences of this are the uncoupling of

anaerobic glycolysis from the tricarboxylic acid (TCA) cycle

and oxidative phosphorylation. This response might be

regarded as a part of the resistance strategy of cells to hypoxia

to maintain energy (in the form of ATP) supply for minimal

cellular functions and survival impairing processes like angio-

genesis, collagen synthesis, and re-epithelisation.11,21,22

A prolonged disturbance of oxygen supply may ultimately

cause cell death and tissue necrosis.

Topical Oxygen and Skin Transmission
The concept of topical oxygen application has been investi-

gated for many years. There are several ways oxygen may

penetrate through the skin, which has porous and nonporous

regions. Oxygen is a small molecule and can easily pass

through skin pores, which span the full thickness of skin

layers. An earlier study contrasting oxygen passage across

sheets of viable and nonviable epidermis showed similar

rates, suggesting that the major route of oxygen transmission

is mediated by physiochemical structure rather than active

cellular function.23 Distribution of oxygen through human

dermal tissue is dependent upon oxygen partial pressure gra-

dients and the solubility of oxygen in the tissue. Allocation of

oxygen involves internal transport by cutaneous circulation via

dermal papillae and externally by transcutaneous diffusion of

atmospheric oxygen. Therefore, in terms of the respiratory

needs of the individual, the contribution by the skin is negli-

gible, providing only ~2% of total respiration needs.27 The

degree to which cutaneous respiration can contribute to dermal

metabolic needs is dependent upon the depth to which topical

oxygen penetrates human skin. Penney et al in 1968 showed

that sheets of isolated human stratum corneum allow diffusion

of oxygen from a chamber of water equilibrated with air to

a chamber that contained water deoxygenated by nitrogen.24 It

was shown that oxygen diffused through the stratum corneum,

raising the oxygen partial pressure of the de-oxygenated water.

The thickness of the stratum corneum was estimated to aver-

age 12 µm. Piantadosi described in 1999 that topically deliv-

ered oxygen was only able to diffuse 50–100 µm.25 Roe and

colleagues showed in in vitro experiments that topically

applied dissolved oxygen penetrates through >700 µm of

human skin slices. Furthermore they found that topically

applied oxygen penetrates better though dermis than epidermis

and that topical dissolved oxygen devices deliver oxygenmore

effectively than topical gaseous oxygen devices (see below).26

The goal of appropriate oxygen therapies for wound

care is to transfer sufficient oxygen to interstitial tissues to

maintain processes required for wound healing throughout

all phases of the healing process.

As the concept of topical oxygen application is still under

discussion, we provide a findings and limitations of topical

oxygen therapy with a focus on the haemoglobin spray.
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Topical Oxygen Wound Therapies
As discussed above, a proper diagnosis and identification

of underlying causes of chronicity is an important part of

wound treatment. If insufficient oxygen supply is identi-

fied as one of the factors involved, then addressing the

underlying primary diseases is one of the central elements

in the treatment of patients with chronic wounds, with the

aim of re-vascularising the affected tissue.

Local wound treatment can be considered as the second

tier of appropriate therapy. Phase-adapted, moist wound heal-

ing according toM.O.I.S.T5 or TIME28 is considered to be the

gold standard for the treatment of the majority of chronic

wounds. In the newer M.O.I.S.T. concept, oxygen is recog-

nised as an important factor for wound healing. Meanwhile,

several approaches are described in the literature, which are

aimed at specifically improving the oxygen availability in

order to promote the oxygen-dependent processes of wound

healing in a targeted manner.2,9,29–31 In 2017, the European

Wound Management Association published an evaluation of

the current oxygen therapies to guide clinicians on the existing

oxygen delivery devices and products (Figure 1).2

One approach is a systemic delivery of additional oxy-

gen by hyperbaric oxygen therapy (HBOT). This therapy

has been in use for a long time and is suggested to have

a beneficial impact on wound healing at least in diabetic

foot ulcers.2,30 It requires pressure chambers which are

mainly available at dedicated centres.

More recently developed topically acting devices can

be divided into three classes. One class of device is based

on the local supply of pure humidified oxygen (O2) either

by local pressure chambers or small devices continuously

delivering oxygen to the wound without pressure.

A second class is topical oxygen-releasing dressings

which incorporate or release oxygen by a biochemical

reaction. The third class of device focuses on the enhance-

ment of oxygen diffusion in the wound bed to the hypoxic

area via purified haemoglobin molecules.

In this article, we focus on the acceptability and ease of

use of the haemoglobin-based oxygen diffusion-enhancing

approach to the management of chronic wounds. Although

there are different oxygen-binding molecules described in

the literature, only one haemoglobin-based product is cur-

rently available. The information obtained for this article

was identified by literature searches using publicly acces-

sible databases, namely Pubmed, and Embase, as well as

NICE database and Cochrane database for systemic

reviews. In addition, articles from other online publishing

journals were obtained by searching Google and Google

Scholar. The following keywords and meaningful combi-

nations of such were used: “oxygen”, “wound, healing”,

“chronic wound”, “haemoglobin”, “topical”, “facilitated

diffusion” “spray”, “solution”, “oxygen therapy”, and

“oxygen carrier”.

Currently, the only commercially available device is

a spray solution comprising 10% of purified porcine hae-

moglobin stabilised by carbon monoxide. Some additional

information (Instructions for Use, IFU) were obtained

from the homepage of the manufacturer.

Figure 1 General considerations on oxygen therapies.

Note: Copyright © 2017. Reproduced with permission from EWMA. Gottrup et al, Use of Oxygen Therapies in Wound Healing. J Wound Care. 2017;26(Sup5):S1–S43.2
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In vitro and in vivo Mode of Action

The approach of using haemoglobin spray is based on the

assumption that the wound exudate or even a moist layer

on the wound bed acts as a diffusion barrier due to the

limited solubility of oxygen in aqueous solutions. The

concept to open up this diffusion barrier by using haemo-

globin as adjunct wound therapy was originally described

by Barnikol and colleagues in 2005.9,32

The principle is called facilitated diffusion, a process

which was described as early as the 1960s when it was

demonstrated that the addition of purified haemoglobin to

a solution augments the transport of oxygen along an oxygen

gradient from high to low concentration significantly.33,34

Recent in vitro research published by Petri et al35,36

involved the exposure of a thin layer of haemoglobin spray

repetitively to either ambient air or nitrogen to simulate

high or low oxygen concentration resulting in a de- and

reoxygenation of haemoglobin. The results showed that

the haemoglobin spray is capable of binding and releasing

oxygen in a fast and repetitive manner, confirming the

proposed reversible binding capacity of the haemoglobin.

A second wave of research involved the application of the

spray onto chronic venous leg ulcers in a clinical study. The aim

of this study was to bridge the in vitro and in vivo situation

showing the ability of the applied haemoglobin to provide

oxygen. By using a photo-optoacoustic tomography approach,

the researcherswere able to visualise the conversion of carboxy-

haemoglobin to oxyhaemoglobin within less than 20 mins after

application. Furthermore, they observed an increase of oxyge-

nation of haemoglobin in the tissue, suggesting an increased

diffusion of oxygen facilitated by the haemoglobin spray.35,36

Clinical Evidence

Database searches revealed several clinical studies and

case reports published for different wound types. Initial

case reports and an open-label study from as early as 2005

suggest a positive impact on wound healing across

a comprehensive range of chronic wound types.32,37,38

Venous Leg Ulcers
A prospective, randomised, controlled, single-blinded clinical

study published in 2013 compared the adjunct haemoglobin

spray therapy on wound size reduction in “hard to heal”

patients to a standard-of-care comparator group (moist

wound treatment, compression therapy).39 Significant and con-

tinuous healing with a reduction of the average wound size by

53% after 13 weeks of treatment was reported for the group

receiving haemoglobin spray. In contrast, the comparator

group showed no reduction in mean wound size. In addition,

the positive healing outcome was independent of the wound

surface sizewhen starting treatment. Subsequently case reports

and cohort studies involving venous leg ulcer patients support

the positive trend of accelerating wound healing.40–42

Diabetic Foot Ulcers
One retrospective, controlled, prospective cohort study eval-

uated the use of the haemoglobin spray-on diabetic foot ulcers

(DFU).7,37 These patients have a greater than two-fold

increase in mortality compared with non-DFU patients, high-

lighting the importance of this work.43 Twenty patients were

treatedwith the haemoglobin spray for 6months unless wound

closure was obtained earlier. A cohort of 20 patients treated

over the same period during the year before the introduction of

the haemoglobin spray in the clinic served as a retrospective

control group. To obtain comparable data, the same inclusion

and exclusion criteria were applied. All 20 (100%) haemoglo-

bin spray-treated patients and 15 (75%) control patients

experienced some wound healing by week 4, with a mean

wound size reduction of 63% in the haemoglobin spray group

versus 26% in the control group. The more rapid reduction in

overall wound size in the haemoglobin spray group compared

to the control group was observed until the end of the study,

increasing to 95% reduction at week 28 in the haemoglobin

spray group versus 63% for controls (p<0.05 at all timepoints).

Further observationswere a) a substantially faster lowering

of pain scores (VAS, (100% haemoglobin group pain-free

from week 12 onwards vs 33% control), b) an elimination of

slough after 4 weeks in the haemoglobin group versus 10%

mean reduction in the control group (p<0.001, similar baseline

slough levels) and c) an improved impact on exudate level

reduction within 4 weeks.

Other explorative case reports37 indicate that the

adjunctive haemoglobin spray might be a valid tool to

facilitate wound healing in DFUs.

Pressure Ulcers
A first published evaluation reported the use of the topical

haemoglobin spray adjunct to standard care in 18 patients with

pressure ulcers. Following a 4 weeks treatment period, a clear

wound size reduction was observed in 17 wounds.44 For 11

patients who continued to be treated for 3 months, 9 wounds

healed and 2 showed a wound-size reduction. In all cases, fast

prevention of slough recurrence was achieved while 9 out of

10 patients with pain at baseline were pain-free by week 8.45
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Chronic Wounds
Arenberger and colleagues summarised the results of an

open labelled prospective clinical study from Mexico (42

patients) as well as several case series of wounds with

different aetiologies in Germany (6 patients), the Czech

Republic (5 patients) and Mexico (9 patients).37 They

stated that the application of the haemoglobin spray pro-

moted wound healing in most of the analysed cases.

In a retrospectively controlled cohort study conducted in the

United Kingdom, 50 patients with different types of chronic

healing wounds were treated with the haemoglobin spray as

adjunctive treatment for an evaluation period of 26 weeks.42

and compared to a similar retrospective control group. Wound

closure was obtained in 90% of the patients with the adjunct

treatment in a mean time to closure of 6.6 weeks while 38%

(p<0.01) wound closure was achieved in the control group

within a mean time of 11.4 weeks (p<0.01). According to the

authors, a Cox proportional hazards analysis model adjusting

for baseline wound size and wound age showed significant

treatment effects. Similar to the DFU study mentioned earlier,

pain and exudate levels, as well as slough recurrence, were all

reduced to a greater extent versus the control group.42

Unfortunately, the authors stated that therewas a difference

between the groups in wound management which might have

a significant bias on the outcome as dressing changes in the

control group were conducted by a health-care professional,

while haemoglobin spray patients generally self-treated or

were treated by their carer due to a change in the departmental

practices over time. However, it has to be acknowledged that

all results obtained by the published cohort studies may not be

as robust as they could be in a formal randomised, fully blinded

clinical study. As such, it is obvious that future well-designed,

prospective, randomised studies may reduce any potential bias

changes in clinical practice tested.

In view of these promising findings for various chronic

wound types, further higher-level studies like an RCT

would be of benefit in helping to fully elucidate the effi-

cacy of the haemoglobin spray.

Haemoglobin Wound Therapy Modalities and

Compatibilities

Appropriate management of chronic wounds requires as pre-

requisite an initial thorough assessment of the wound and

patient to understand the underlying factors responsible for

delaying or inhibiting the healing process. The first step of

wound treatment is appropriate wound bed preparation which

is important for all wound therapies to ensure the effectiveness

of all applied treatments such as local oxygen therapies.46,47

As the haemoglobin topical oxygen treatment is described

in the literature as an adjunct therapy, it is intended to be

aligned with most of the moist wound therapies without chan-

ging the established treatment modalities.2,9 As mentioned

earlier, wound debridement or at least cleansing is required

before haemoglobin spray application to optimise conditions

for oxygen delivery. Dependent on the wound status and the

need to apply further additional therapies, treatment intervals

may vary from once daily to twice a week as outlined in

several publications.9,37,39,42

Haemoglobin spray is reported to be easy to apply onto

the wound as an even layer (Figure 2).

Compared to other technical devices, this approach is

very simple. As it is a protein-containing product, the

product should be stored in a refrigerator according to

the manufacturer.

Regarding dressings and other treatment modalities used

in combination with the haemoglobin spray, different pro-

duct combinations have been used in the reports mentioned

in this article, but the spray has mainly been used with

a simple foam as a secondary dressing. Dependent on the

exudate level, superabsorbent dressings were also used.

It is emphasised by various authors that the secondary

dressing used should be air-permeable to enable sufficient

oxygen to penetrate to the wound bed.9,39,41,48

Expert consensus recommendations guide that topical

haemoglobin should be considered for wounds which are

considered as being, or at risk of becoming, chronic that

have failed to respond substantially to best practice stan-

dard care treatment after 2–4 weeks. An improvement in

wound healing should be observed at least after 4 weeks of

the adjunct haemoglobin application.49,50

Figure 2 Application of haemoglobin spray as thin layer onto a diabetic foot ulcer

after wound cleansing.

Note: Photo courtesy of K Kröger 2019.
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Oxygen is required during all wound healing phases

implying that this type of adjunctive therapy should be

beneficial throughout all phases. The starting point of first

application reported in clinical settings varies from the

inflammatory phase to the epithelisation phase,42,48,51,52

while several authors describe the usage of haemoglobin

until full wound closure.41,42,45,48,51,52

Hunt et al explicitly strengthened the necessity to treat until

wound closure and not to premature treatment discontinuation

before wound closure as they have observed a stagnation of

healing and re-emergence of slough and pain in patients who

stopped the adjunctive treatment too soon.52

As described above, the haemoglobin spray has been

used in combination with various different dressings.

Beyond administration of the spray, the haemoglobin

spray is not expected to impact upon the standard wound

care procedure. As haemoglobin is a protein which is

vulnerable to degradation, limitations in compatibility

with other therapies may arise by using products with

proteolytic properties, low pH (<pH4) or other chemicals

which denature or precipitate proteins.

Safety
None of the published clinical case reports or cohort

studies using the haemoglobin spray reported spray-

related severe adverse events. Within the study by

Arenbergerova et al,39 safety was assessed as

a secondary endpoint. One subject treated with the hae-

moglobin spray was admitted to hospital with liver dis-

ease. However, this was reported to be unrelated to

treatment. Similarly, Arenberger et al37 reported that

there were no undesirable treatment-related events within

the study and the described case reports in different

countries. A recent publication by Harnoss and collea-

gues evaluated the irritation potential of the product

utilising the established hen’s egg model.53 The authors

reported that the haemoglobin spray showed no irritation

in the performed test, thus supporting the safety of the

spray as suggested by the clinical testing.

As the haemoglobin is from porcine origin, there

might be the potential for an allergic response in rare

cases. So far, no such reports have been found in the

literature. As the spray is applied topically, the risk of

systemic absorption of large amounts of the protein is

very minor.

In addition, one has to note, that the haemoglobin spray

should not be used by patients who are pregnant as no data

are available to assess the impact of the product within this

group according to the Instruction for Use supplied with

the product.

Health Economic Impact
A published economic evaluation of the clinical data sug-

gested that Granulox® is likely to be effective and produce

resource savings within NHS Scotland.54 The main evi-

dence was based on the VLU RCT and three different

cohort studies performed in the United Kingdom. The

report noted that the strength of the cohort studies was in

the number of patients in the adjunct treatment cohorts

with an equal number of controls providing statistical

power to detect clinically significant differences in out-

comes. A significant medico-economic impact of adding

haemoglobin spray to the standard wound care protocols in

different settings was recognised, estimating a cost-saving

to the UK healthcare system of an average of £2,330 for

every diabetic foot ulcer patient and £1,469 for every

chronic wound patient after six months.

However, the report noted several weaknesses of

the VLU RCT and commented on the general limita-

tions of the three cohort studies due to its observational

design and the retrospective recruitment of controls.

The promising results on the acceleration of wound

healing and reduction of treatment costs are recognized

but further data collection should provide more accu-

rate and unbiased estimates of the relative effectiveness

of the haemoglobin spray in a variety of healthcare

settings.

A second health economic analysis was performed by

a German group.55 The aim of this analysis was to explore

the impact of the topical haemoglobin spray-on treatment

costs from the perspective of the German statutory health

insurance. The group applied a Markov model to the

existing clinical data and performed sensitivity analyses

to obtain robust data on the cost impact in patients with

DFU. The group calculated approximately 40% lower

costs for the treatment of DFUs by adding the haemoglo-

bin spray to the treatment regimen. The authors concluded

that, with the adjunctive treatment, a substantial cost

reduction could be achieved from the perspective of the

German statutory health insurance.

Discussion
In the recent literature, various reviews emphasise the

adjunctive administration of oxygen as an important compo-

nent of the modern management of chronic wounds.2,5,13
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Additional systemic supply of oxygen by HBOT

increases the amount of dissolved oxygen in the body, by

which an improvement of wound healing can be achieved.

As HBOT is not accessible to the majority of patients and has

certain limitations due to diffusion and wound exudate/

slough penetration constraints, local topical oxygen therapies

may provide more accessible oxygen delivery systems.15,56

Currently, several local oxygen therapies are described.

One class is the oxygen-releasing dressings. This approach

utilizes the direct release of oxygen incorporated in the dres-

sing after being in contact with the wound or indirect release

via biochemical reactions. Only limited clinical data are avail-

able demonstrating a beneficial impact on wound healing.2,9

A second class is devices that deliver purified oxygen to the

wound either by continuous perfusion without additional pres-

sure or as small chambers with mild pressurized conditions.2,9

Clinical results from recently published RCTs for

continuously57,58 as well as pressurised oxygen delivery

devices59 indicate promising outcomes, especially in the

treatment of diabetic foot ulcers. While the outcome of

studies with continuous oxygen delivery devices suggest

a major benefit to only older patients with chronic

wounds,58 the results of the recently published study by

Frykberg and colleagues using a pressurized oxygen deliv-

ery system demonstrated the beneficial impact on treating

diabetic foot ulcers in a larger number of patients com-

pared to a sham-treated control group.60 In both cases, the

major focus was on treating healing refractory wounds.

Although it is known that oxygen penetrates the skin

and contributes by diffusion to the overall oxygen delivery,

the thickness of the skin is a barrier to oxygen diffusion to

deeper layers in comparison to the situation in the lung.61

As wound exudate may increase the diffusion barrier, it

makes it a significant challenge to ensure that additional

atmospheric oxygen reaches deep into a wound.

Another approach to improve the oxygen status within

the wound is to facilitate oxygen diffusion by using the

properties of haemoglobin for oxygen uptake and offload-

ing. It is proposed to apply the haemoglobin solution as

adjunctive treatment to standard wound care of hypoxic

chronic wounds to assist in adjusting oxygen levels and

help to enhance wound healing. Currently, only one pro-

duct is commercially available as a medical device, which

provides the haemoglobin as a spray onto the wound.

The extensive literature search revealed one RCT

describing the successful treatment of “hard to heal”

venous leg ulcers with the adjunctive haemoglobin spray

compared to a standard of care (SoC) group which failed.

Several clinical case reports and observational studies

describe improved healing for different wound types like

diabetic foot ulcers, pressure ulcers or arterial ulcers as

well as surgical wounds with healing disturbances and

burns. These data may serve as the first guide to evaluating

the potential of this treatment. Described to be useful in all

healing phases, a consensus paper published by Chadwick

et al might pilot the implementation of this treatment

option in existing therapy concepts of chronic wounds

when starting to explore the therapy49 (see Box 1).

As mentioned by several authors the spray is easy to

apply without the need of specific training or technical ser-

vices like for pumps of devices delivering purified oxygen.

One drawback might be that the product should be stored in

a refrigerator to avoid damaging effects at high temperatures,

which might not be available in all places.

Available data on clinical studies and case reports raises

the promise of being very useful to improve wound healing

but highest level, distinct evidence for the usage of the

haemoglobin spray in different wound types or healing

phase remains to be published. However, some further well

designed and controlled studies and further reports of clinical

experiences in particular on wounds at risk may increase the

level of evidence of the usefulness of the approach to facil-

itate oxygen diffusion in the wound (see Box 2).

During the last decade, an increasing number of controlled

clinical studies and case reports showed that topical oxygen

therapies as an adjunctive treatment option have the potential

to improvewound healing of chronicwounds. Themajor focus

of most of the studies was on DFUs. Historically, the HBO

therapy was used for the treatment of DFUs, but the results

were inconsistent.30 Local oxygen therapies on DFU seems to

attract more attention as the results are promising. This applies

to different approaches like themultimodality cyclical pressure

oxygen delivery device, haemoglobin mediated oxygen deliv-

ery or continuous oxygen delivery devices.58,60,62 A benefit is

the increasing accessibility of such mobile devices compared

to the stationary HBO chambers.

Box 1 Most Valuable Parameter to Explore in an Evaluation of

Haemoglobin Spray Oxygen Therapy

● Wound size reduction

● Initiation of granulation

● Time to heal

● Pain reduction

● Reduction of slough recurrence
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As with all topical local oxygen therapies, an appro-

priate wound bed preparation is a prerequisite for the best

results also with the haemoglobin mediated facilitated

oxygen diffusion approach. Secondly, oxygen is required

during the entire healing cascade at an increased demand.

The clinical results available for the different approaches

are primarily obtained for DFU, leading to the question of

which approach can be used for alternative types of wounds.

Haemoglobin shows promising results from a VLU RCT,39

but for other types of wounds, the majority of results are based

on cohort studies and case reports. At this stage, the different

approaches require further exploration on pressure ulcers and

other wounds to achieve a more comprehensive insight into

the potential for oxygen therapies.

Considering the potential of facilitated oxygen diffu-

sion via the applied haemoglobin and the other oxygen

approaches it might be a reliable option to explore syner-

gistic effects either by a combined treatment or sequential

therapy eg after HBOT, to promote a beneficial impact on

wound healing until wound closure.

Moreover, the broad clinical variation of wounds

observed may direct the exploration of further new com-

binations as it might prove interesting to explore synergis-

tic effects or combinations with products like growth

factors or other biological molecules.

Conclusion
Purified haemoglobin applied on chronic wounds to facilitate

oxygen diffusion is a recently introduced adjunct treatment

option to accelerate wound healing. As there is only one

product currently available, the clinical evidence is based

solely on the results obtained from this product (Granulox®).

Current literature on the haemoglobin spray used as an

adjunct in different wound types and clinical treatment

regimens facilitates the usefulness of this therapy to

improve wound healing and quality of life. This is applic-

able in treating venous leg ulcers and diabetic foot ulcers,

and also in a broad spectrum of chronic wounds with

similar levels of hypoxia such as pressure ulcers, surgical

wounds with healing by secondary intention or burns.

The product is reported as “easy to use” as it can be applied

as a thin liquid layer onto the wound bed before covering the

wound with a “breathable” non-occlusive dressing.

Nevertheless, the use of this adjunctive topical oxygen

treatment should be guided by factors like wound type, the

experience of the clinician, cost-effectiveness and accept-

ability by the patient.
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