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I
t is often the case that a relatively small number of 
patients consume a disproportionately large share 
of healthcare resources. The distribution of such 
healthcare resources has been extensively 
reviewed1–4 and is invariably ‘skewed to the right’, 

with a population mean resource use that is much 
higher than the median.1–4 Wound care is one of five 
examples of ‘skewing to the right’ highlighted by Briggs 
and Gray1 using data from patients with venous leg 
ulcers (VLUs) receiving standard care. Many wound care 
publications report on a proportion of patients where 
wound healing happens faster than the population 
mean, a proportion of patients where wound healing 
happens in and around the population mean, and a 
proportion of patients where would healing happens 
much slower than the population mean, supporting the 
notion that the wound care resource utilisation curve is 
‘skewed to the right’.5–7 

Lindholm and Searle5 provided an example of a 
population where 24% of wounds took six months to 
heal, while 16% took ≥1 year. Similarly, Milne et al.,6 
quote data where between 35–39% of wounds are 
termed ‘static’ and/or ‘hard-to-heal’, and that these type 
sof wounds would be typical in most wound care 
populations. Guest et al.7 reported that 30% of patients 
in their study failed to heal within one year, while Fife 
et al.8 found that 55–70% of hard-to-heal wounds across 
a range of studies on best standard care failed to heal 
within 12 weeks.

The longer the wound healing time, the more 

healthcare resources tend to be consumed. A study in 
the UK suggested that >60% of wound care resources 
were consumed by wounds that were not healed in an 
average of one year,9 and, by implication, more than 
doubling the overall cost of wound treatment.7 
Lindholm and Searle5 identify the lack of timely wound 
healing as one of the main drivers of the cost of  
wound care. Fig 1 illustrates the relationship between 
wounds healed, frequency distribution of time to 
healing, and mean cost of healthcare resources per 
(unhealed) wound. 

A setting with better healing outcomes, more wounds 
healed and faster healing, consumes relatively less of the 
healthcare resources associated with the provision of 
wound care, and will have a wound care resource 
utilisation curve less skewed to the right, with fewer 
hard-to-heal wounds remaining unhealed, and therefore 
consuming fewer healthcare resources. Hence, by 
improving outcomes at the patient level, savings can be 
effected at the population level, aligning to the Porter 
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and Tiesberg10 definition of value in healthcare, as 
achievable by improvement of outcomes at the 
patient level.

Actions taken to move the wound healing curve to the 
left, thereby reducing the population mean healing time, 
and/or reduce the extent to which the wound healing 
curve is skewed to the right, will result in substantial 
savings of healthcare resources. At a provider level, such 
actions may include strategies aimed at improving the 
standard of care, enhancing patient adherence, upskilling 
caregivers, integrating care pathways, and adopting 
innovative technologies with proven effectiveness.11 In 
wound care, the adoption of technologies with proven 
effectiveness towards better wound healing outcomes 
has been shown to support the achievement of the 
desired effects on the wound healing curve.5

Topical oxygen therapy, in the form of an adjunct 
topical haemoglobin spray, is one of the very few such 
technologies we have identified that is able to do so 
cost-effectively. Adjunct topical haemoglobin spray has 
been extensively studied in terms of its clinical and 
cost‑effectiveness in supporting wound healing across a 
wide variety of wound types, with observations of 
significant reductions in average healing times and 
corresponding reductions in the consumption of 
associated healthcare resources.12–21 

It is, therefore, the aim of this evaluation to review 
and consolidate available published material we have 
identified and assess the potential of adjunct topical 
haemoglobin spray (Granulox, Mölnlycke Healthcare, 
Sweden) to support the shifting of the wound healing 
curve to the left, and to reduce the extent to which the 
curve is skewed to the right, thereby supporting the 
realisation of the benefits of these changes in the time 
to wound healing curve (Fig 1). 

Method
The following sections outline the results of each of the 
three steps in our evaluation, with the aim of 
highlighting the impact of an adjunct topical 
haemoglobin spray on the wound healing curve. 

First, we evaluated the overall potential of topical 
adjunct haemoglobin spray to reduce overall healthcare 
resource utilisation and reduce median healing times. 
Secondly, we evaluated the potential of topical 
haemoglobin spray to improve the healing outcomes in 
the wounds that have the largest clinical unmet needs, 
the wounds that are stagnant or worsening—despite the 
best standard care. Finally, we evaluated, using our own 
case example, the practical ease of implementation and 
clinical outcomes. 

Ethical considerations and patient consent
This case study and all referenced evaluations were 
conducted according to the Declaration of Helsinki. The 
patient authorised the use of photographs and clinical 
information for this publication. Permission was given 
by the patient to use all relevant data for educational/
research purposes. 

Results
Effectiveness of adjunct topical haemoglobin spray  
in hard-to-heal wounds
We conducted a literature review related to adjunct 
topical haemoglobin spray and its effect on wound 
healing in those wounds that were hard-to-heal, but 
without selecting wounds that were already  
long-standing wounds. This was to establish a clear 
view on what may be expected in terms of outcomes 
should adjunct topical haemoglobin spray be adopted 
and made available to all new patients with a 

Fig 1. Illustration of relationship between wounds healed, frequency distribution of time to healing, and mean cost of healthcare resources 
per (unhealed) wound  
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hard-to-heal wound presenting for care in a typical 
clinical setting. Table 1 highlights publications related 
to two controlled evaluations identified with broad 
inclusion criteria for hard-to-heal wounds, with few, if 
any, exclusions. A controlled study, in 40 patients with 
a diabetic foot ulcer, evaluating topical haemoglobin 
spray, was identified that partly met our inclusion 
criteria;22 however, this study included stagnant wounds 
but also excluded the worst wounds (SINBAD>2), and 
did not provide a subgroup analysis that would enable 
already long-standing wounds to be meaningfully 
excluded. Hence, it was not possible to establish the 
healing curve benefit on a new cohort of wounds from 
this data, although the results were highly positive.

The results in the two identified controlled evaluations 
in hard-to-heal wounds,20,21,23 or wounds with slough, 
indicative of healing complications,20,24 showed 
significantly higher healing rates in the adjunct topical 
haemoglobin spray groups than in the control groups, 
with 45% and 28% fewer wounds remaining unhealed, 
respectively, at the end of the follow-up period (six 

months in both studies). The median time to healing 
was also much faster, at just six weeks in the first 
evaluation in the adjunct topical haemoglobin spray 
group, versus >26 weeks (less than half of wounds 
closed at six months) in the control group. In the 
second evaluation, this was six weeks in the adjunct 
topical haemoglobin spray group versus 13 weeks in the 
control group. Both results were highly statistically 
significant across n=100 and n=200 patients, respectively 
(p<0.0001). Hence, the time to wound healing curve for 
the adjunct topical haemoglobin spray group would be 
situated to the left of the same curve for the control 
group in these cases. Consolidating the published 
curves from the two evaluations identified above is 
illustrated in Fig 2. The graphic also illustrates the cost 
impact from the adoption of the adjunct topical 
haemoglobin spray. It shows the cumulative cost of 
dressings used, initially slightly higher due to the cost 
of the adjunct topical haemoglobin spray, but then 
lower from week 10 onwards, as previously published 
by Elg and Bothma.21  

Table 1. Identified sources documenting the wound healing impact of adjunct topical haemoglobin in 
chronic (but not yet static) wounds

Source Design Main findings

20,21,23 Cohort-controlled evaluation, 50+50 hard-to-heal wounds, <40% 
reduction in past four weeks, mean 2.3 months wound persistency 
(range: 1–8 months, with patients persistent for >6 months typically 
referred to tertiary care). Patients in the treatment group received 
standard care plus haemoglobin (Hb) spray with no other adjustments, 
controls all received standard care

8% of wounds remaining in the Hb group 
versus 53% in control at six months 
(p<0.0001) 

20,24 Cohort-controlled evaluation, 100+100 sloughy wounds, mean 
persistency 1.6 months (range: 0.7–18 months) 

6% of wounds remaining in Hb group versus 
34% in control at 6 months (p<0.0001) 

Fig 2. Pooled data for wounds unhealed and implied time to wound healing frequency distribution (adapted from Hunt and Elg22 and Hunt 
et al.23), and cumulative cost of dressings, including the cost of the topical haemoglobin spray, from Elg and Bothma21 (hard-to-heal 
wound study only, data reused with permission)
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Effectiveness of adjunct topical haemoglobin spray in 
static, non-healing wounds 
To additionally evaluate the ability of topical adjunct 
haemoglobin spray to facilitate healing in patients with 
the highest clinical unmet need, i.e., those with static or 
worsening wounds, we conducted a literature review of 
case series and clinical trials involving ≥10 patients with 
static, non-healing wounds treated with adjunct topical 
haemoglobin spray that have been published to date, 
including case series presented at international conferences, 
to investigate wound healing outcomes. Table 2 summarises 
the design and main findings from each identified report.

The results across each of the randomised controlled 
trials (RCTs) and case series in static, non-healing wounds 
suggested a highly positive healing response to the 
introduction of the adjunct topical haemoglobin spray. 
A positive healing response was observed in a majority 
of wounds in each of the studies, both in the case series 
and in the RCTs, with 86% more wounds closed in the 
first RCT, 70% more wounds predicted to close in the 
second, and 63–82% healed or predicted to heal in the 
case series in non-healing or stagnant wounds (with 

several wounds healing quickly once the adjunct topical 
haemoglobin spray was introduced across hard-to-heal 
wounds of different aetiologies). In the two RCTs where 
a statistical analysis of the probability of superior healing 
outcomes versus standard of care in a separate control 
cohort was performed, both of these studies reported 
highly statistically significant differences at p<0.000113 
and p<0.0001,17,25 respectively. Hard-to-heal wounds 
cause a skewing to the right of the time to wound healing 
curve and, hence, healing these wounds faster will reduce 
the extent to which such curves are skewed to the right. 
In addition to the controlled RCTs in static, non-healing, 
wounds mentioned above, we also identified several 
large case series in hard-to-heal wounds, and invariably 
showing progression towards healing across several hard-
to-heal indications. Table 2 provides a summary of 
identified, large case series by wound type. 

De novo clinical evaluation
To evaluate ease of adoption and clinical impact, we 
additionally conducted our own clinical evaluation, in 
our clinic, involving a patient with a hard-to-heal 

Table 2. Identified sources documenting the wound healing impact of adjunct topical haemoglobin spray in static,  
non-healing wounds

Source Design Main findings

13 RCT, 14+14, lower leg ulcers, topical Hb spray regimen versus 
standard care (alone), wounds persistent for at least eight months 
(mean unknown), followed for six months

13/14 in Hb group healed at six months, versus 1/14 in the control 
group (p<0.0001)

17,25 RCT1, 36+36, non-healing VLUs non-improving for two weeks and 
persistent on average for 24 months, randomised to standard care 
plus Hb spray or standard care plus dummy spray (saline); 13 
weeks follow-up 

53% average wound size reduction at 13 weeks in Hb group 
versus 22% average size increase (worsening) in controls 
(p<0.0001); 85% of wounds predicted closed at 12 months with 
Hb versus 13% with standard care alone

20,30 A cohort of 10 static, hard-to-heal ulcers of mixed aetiologies, prior 
persistence reported for four wounds; 9, 10, 12 months and 15 years 
(median: 11 months). Wounds received standard care plus adjunct 
Hb spray and were evaluated over 2–4 months 

Eight wounds completed minimum follow-up; 1/8 wounds healed, 
5/8 progressed toward healing  

31 A cohort with 17 patients with hard-to-heal VLUs, static or 
deteriorating, persistent for at least six months, with a mean 
persistency of 3.4 years (41 months; range: 6–120 months), 
recruited from across five sites in England, patients receiving 
standard care plus adjunct Hb spray  

14/17 patients completed the four-week evaluation, with wound 
size reduction achieved in all 14/14 patients, with size reduction 
of 16–96%. Median reduction of 68% (within 4 weeks)

32,33 A multicentre evaluation of 19 PU patients receiving standard care 
plus Hb spray, 18 completing. Average wound duration prior to 
entry to the evaluation was 11 weeks (range: 1–52 weeks), followed 
for four weeks, a subset continued and 11 patients were  
followed-up to 12 weeks treatment28

18/18 wounds improved over the four-week evaluation and 17/18 
reduced in size. In the follow-up, 11 patients followed-up for up to 
three months (12 weeks). Of three static, non-healing wounds (>6 
months), 3/3 (100%) completely healed (overall 9/11 healed (82%), 
with the remaining two reduced by 77% and 33%, respectively)  

34–36 Several large case series in DFUs were identified but may also have 
included wounds that were not stagnant or long-term, and 
therefore may not be fully representative of static, non-healing, 
DFUs. Notably, we found three such case series in 20, 22 (11 on Hb 
spray) and 17 patients, respectively

In the first study, in 20 wounds, 20/20 progressed towards 
healing, with 5/20 wounds closed within four weeks. In the 
second, in the 11 patients treated with the Hb spray, 80% of 
wounds demonstrated a reduction in size versus 30% in a 
matched control cohort, with 20% of wounds in the Hb spray 
group healed within 12–16 weeks, and 0% in the control cohort. 
In the third study of 17 patients (20 wounds), of the 14 wounds 
that completed the evaluation, all wounds had a reduction in 
wound size and by 12 weeks, three wounds (20%) had healed

*Unless specified, numbers refer to Hb-treated patients; RCT—randomised controlled trial; Hb—adjunct topical haemoglobin spray; VLU—venous leg ulcer; DFUs—diabetic foot 

ulcers; PU—pressure ulcer
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Table 3. History of patient case 

Day/date Image Wound characteristics Wound care regimen

Unknown Injury caused by abrasion on internal 
malleolus of the right foot

—

Day 0 (7/12/2018) Mixed aetiology leg ulcer 10x10mm presented 
to care (internal malleolus right foot)

Unknown primary care regimen. Details 
not recorded

Day 31 (7/1/2019) First photograph taken - on presenting  to 
the specialty team

Unknown primary care regimen. Details 
not recorded

Day 41 (17/1/2019) Referred to specialist care. 
Presenting to wound clinic with yellow 
fibrinous tissue in the wound bed, size 
25x6mm, 12mm deep

Cleansing (in warm running water)
Prontosan gel for 15–20 minutes;
silver-containing foam dressing

Day 43 Reduction of fibrinous tissue; dry wound 
bed; signs of infection (pain, redness, 
swelling, stagnation, high perilesional skin 
temperature and odour)

Cleansing (warm running water); 
Prontosan gel 15–20 minutes; saline 
wash after gel; silver-containing foam 
dressing

Day 45 Presence of fibrinous tissue (no change); dry 
wound bed; signs of infection (pain, redness, 
swelling, stagnation, high perilesional skin 
temperature and odour)

As above

Day 49 No change Cleansing in warm running water; 
Cadexomer iodine powder; foam 
secondary dressing 

Day 52 Presence fibrinous tissue (no change); 
moderate exudate; signs of infection (pain, 
redness, swelling, stagnation, high 
perilesional skin temperature and odour)

As above

Day 54 No change Debridement (scalpel and curette); 
antimicrobial DACC dressing; foam 
dressing (secondary)

Day 55 Fibrinous tissue absent; decreased wound 
area; more superficial wound

Clean with warm saline; antimicrobial 
DACC dressing; foam secondary dressing

Day 56 Granulation tissue; decreased wound area; 
more superficial wound

As above

Day 57 Decreased wound area and depth As above

Day 58 Decreased wound area and depth As above

Day 60 Decreased wound area and depth As above

Day 62 Decreased wound area and depth As above

Day 66 Stagnated no change; dry wound bed; signs 
of infection

Clean with warm saline; silver-containing 
alginate dressing; foam secondary 
dressing 

Day 71 No change As above

Day 74 No change As above

Day 76 Increased wound area, stagnation As above

DACC— dialkylcarbamoylchloride  
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Table 3. History of patient case (continued) 

Day/date Image Wound characteristics Wound care regimen

Day 78 Stagnated no change; low exudation Cleansing with warm saline; foam dressing

Day 82 No wound size change; moderate exudate As above

Day 85 No change As above

Day 91 No change As above

Day 94 No change As above

Day 97 No change As above

Day 100 No change As above

Day 104 No change As above

Day 106 Size reduction, but very slow Cadexomer iodine powder; foam 
dressing (secondary)

Day 109 Size reduction, but very slow Cadexomer iodine powder; foam 
dressing (secondary)

Day 114 Size reduction, but very slow Cadexomer iodine powder; foam 
dressing (secondary)

Day 118 Stagnation, increased exudate, peri-wound 
maceration (from exudate)

Cadexomer iodine powder; Hydrofiber 
dressing; foam dressing (secondary)

Day 119 No change Cleansing (warm saline); Cadexomer 
iodine powder; Hydrofiber dressing; 
foam dressing (secondary); compression

Day 121 No change As above

Day 125 No change As above

Day 128 No change As above

Day 131 No change As above

Day 134 Increased wound area, granulation tissue - 
no slough

Hydrogel, Hydrofiber dressing; gauze, 
compression

Day 136 Increased wound area, granulation tissue - 
no slough

As above

Day 138 Increased wound area, granulation tissue - 
no slough

As above

Day 142 Exudate, periwound maceration Cadexomer iodine powder; Hydrofiber 
dressing (primary); foam dressing 
(secondary)

Day 143/1 
(29/4/2019)

No change Haemoglobin spray; Hydrofiber dressing 
(primary); foam dressing (secondary); 
compression

Day 145/3 Decreased wound area. Exudate reduction, 
moist not wet, wound edge contraction

As above

Day 146/4 Size measured 15x15mm; (2.3cm2, 34% size 
reduction)

As above

Day 148/6 Decreased wound area; exudate reduction; 
dry wound border; granulation tissue

Honey on wound edges; haemoglobin 
spray; Hydrofiber dressing; foam 
dressing (secondary); compression
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wound of 20 weeks’ duration and which was stagnant, 
despite 14 weeks of specialist care in our wound care 
facility. This involved multiple changes of regimen that 
included hydrogel treatment, silver dressings, alginate 
silver dressings and cadexomer iodine, without 
clinically meaningful improvements. Following the 
initiation of the adjunct topical haemoglobin spray, 
the wound showed an immediate response, with a 
reduction in wound area at the first follow-up visit on 
day 3. By day 6 there was also a marked reduction in 

wound exudate and the appearance of granulation 
tissue in the wound, with the wound progressing to 
healing without any complications. Wound closure 
was achieved 34 days after starting the adjunct topical 
haemoglobin spray. Full case details are outlined below 
and in Table 3.

Case study
A 69-year-old female patient presented with a 
non‑healing wound that had been caused by a 

Table 3. History of patient case (continued) 

Day/date Image Wound characteristics Wound care regimen

Day 151/9 Decreased wound area; exudate reduction; 
granulation tissue

Haemoglobin spray; Hydrofiber dressing; 
foam dressing (secondary); compressive 
therapy

Day 154/12 Decreased wound area; exudate reduction; 
dry borders; granulation tissue; size 
measured 4x6mm (0.24cm2, 93% reduction 
versus baseline) 

Honey on wound edges; haemoglobin 
spray; Hydrofiber dressing; foam dressing 
(secondary); compressive therapy

Day 159/17 Decreased wound area; exudate reduction Haemoglobin spray; Hydrofiber dressing; 
foam dressing (secondary); compressive 
therapy

Day 161/19 Decreased wound area; exudate reduction As above

Day 162/20 Decreased wound area; exudate reduction As above

Day 165/23 Decreased wound area; exudate reduction As above

Day 168/26 Decreased wound area; exudate reduction Haemoglobin spray; foam dressing 
(secondary); compressive therapy

Day 172/30 Decreased wound area; exudate reduction Foam dressing/compressive therapy 
(socks)

Day 176/34 
(1/6/2019)

Wound closure Moisturiser; compressive therapy (socks)

Day 446/304 
(26/2/2020)

Follow-up, no lesion Compressive therapy (socks)

Table 4. The impact of adjunct topical haemoglobin spray on wound healing time and number of dressings 
consumed. Data from Elg and Bothma21

Adjunct topical 
haemoglobin

Control Difference, %

Average time to complete wound closure, weeks 6.6 11.4 42

Wound dressings used (including any use after complete wound 
closure), n

2575 6520 60
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superficial abrasion of the skin on the internal malleolus 
of the right foot. Upon visiting our clinic, she was 
diagnosed with a leg ulcer (10×10mm in size) with 
arterial and venous pathology. 

The patient was not able to determine when the 
initial abrasion occurred. The patient had a history of 
an exposed fracture on the right tibiotarsal joint when 
she was 30 years old and which was difficult to heal. At 
age 35 years she had varicose vein surgery, also with 
difficulties in healing, and with a need to resuture the 
vein stripping incision wound. She additionally had a 
history of depression, hypertension and dyslipidaemia, 
with a drug regimen of amlodipine, candesartan 
cilexetil, sertraline, pentoxifylline, atorvastatin, 
lercanidipine, clopidogrel and micronised flavonoids 
(Daflon, Laboratoires Servier, France). 

After six weeks of primary care treatment, in a 
community health unit, the patient was referred to our 
wound care specialist team, comprising a physician and a 
wound specialist nurse, and a revised wound treatment 
regimen was introduced. Initially, the wound stabilised 
and even showed signs of improving. However, the 
wound started to deteriorate, despite multiple adjustments 
to therapy. However, following the introduction of the 
adjunct topical haemoglobin spray, the wound healed 
within 34 days. Table 3 details the evolution of the wound.

The addition of the adjunct topical haemoglobin 
spray to the treatment regimen did not require any 
complex training, did not require any other changes to 
the treatment regimen and did not negatively impact 
the patient experience. The findings on ease of adoption 
were in line with previously adopted studies reporting 
ease of use and high patient satisfaction. 

Discussion 
We have discussed the benefits of moving the wound 
healing curve to the left and, similarly, the benefits of 
reducing the extent to which wound healing resources 
are skewed toward wounds that take a disproportionately 
long time to heal; we call it ‘the wound healing curve 
being skewed to the right’. When a shift to the left is 
achieved, through reducing the median and the mean 
time to wound healing, healthcare resources required 
for the provision of wound care should also be reduced.

We have presented results that support the potential 
of adjunct topical haemoglobin spray to effect such 
desired changes in the wound healing curve, both in 
terms of affecting change across all hard-to-heal wounds 
presenting to care, as well as those wounds with the 
largest clinical unmet needs. We have also discussed a 
specific case study, highlighting the impact of the 
adjunct topical haemoglobin spray on the healing of a 
wound that showed sustained stagnation and 
deterioration, while also noting the ease of adoption of 
the adjunct haemoglobin spray. 

Often, achieving improvements in the way care is 
provided is complex and requires significant changes in 
how people act within the care delivery chain, the 
processes and procedures that support the delivery of 

care, and the use of associated technologies. However, 
adoption of adjunct topical haemoglobin spray appears 
to be remarkably simple. This is also supported when 
considering criteria widely used in implementation 
science. These criteria are:

	● Relative advantage—Is there evidence of a gained 
benefit?

	● Compatibility—Is it easy to integrate into daily 
actions?

	● Complexity—Is it easy to learn how to use?
	● Trialability—Can it be experimented with?
	● Observability—Can the innovation (and benefits) be 
clearly identified within a treatment regimen?26

As an adjunct, this topical haemoglobin spray can 
be adopted into practice without any additional change 
to current wound care regimens and protocols with a 
very fast learning curve. This renders the spray highly 
compatible due to its relative simplicity to use. Hunt 
and Elg23,24,27 reported significantly better wound 
healing outcomes, with the only significant difference 
between the treatment and control arms being the 
addition of the topical haemoglobin spray. As a 
standalone technology, the adjunct topical haemoglobin 
spray is highly trialable and observable, as outlined 
above. Therefore, within the context of implementation 
science, the sustained uptake of adjunct topical 
haemoglobin spray should be achievable, increasing the 
probability of obtaining population-level benefits. 

Guidelines on the use of adjunct topical haemoglobin 
spray have already been developed in the UK for hard-
to-heal wounds,28 and for diabetic foot ulcers in 
Scotland, specifically.29 Both of these guidelines state 
that all wounds predicted not to have substantially 
healed within 2–4 weeks should be offered topical 
haemoglobin spray as adjunct therapy. It is important 
to note the distinction between ‘not healed within  
2–4 weeks’, and ‘predicted not to heal within  
2–4 weeks’—if a wound is presenting with healing 
complications or with risk factors associated with 
delayed healing, such as advanced age, vascular 
insufficiency, or uncontrolled diabetes, there is no need 
to wait for 2–4 weeks and risk further complications, 
and instead the adjunct topical haemoglobin spray 
should be initiated immediately. 

The reduction in the population mean shown in 
Table 4 aims to emphasise the benefit achievable from 
the adoption of adjunct topical haemoglobin spray in 
terms of attaining a shift in the wound healing curve to 
the left, resulting in a noteworthy decrease in the 
overall consumption of wound care dressings used. 
Additional evidence has been published suggesting that 
these benefits far outweigh the additional cost of the 
adjunct topical haemoglobin spray, with the health 
economic assessment conducted in Scotland suggesting 
its adoption is more effective and less costly than 
standard care alone.20 Elg and Bothma21 estimated that 
overall cost savings from consumables alone would be 
achieved from week six of adoption onwards, with a 
break-even within 10.2 weeks from adoption.
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Limitations
This research did not specifically attempt to model the 
impact on the healing curve in each specific wound 
sub‑type and patient risk category, but focused on the 
impact in clinics seeing a variety of hard-to-heal 
wounds. DFUs are often seen in specialist podiatry 
clinics and it is likely that a similar benefit may be 
achieved in podiatry clinics treating DFUs and, 
therefore, a similar exercise to evaluate the impact on 
the healing curve for DFUs may be appropriate.

Conclusion
Healthcare resources consumed during the provision of 
wound care can be saved by implementing strategies 

and actions aimed at promoting wound healing. When 
these are successful, the wound healing curve will move 
to the left and the extent to which it is skewed to the 
right will be reduced, resulting in a reduction in the 
population mean for time to wound healing. 

The evidence we have summarised suggests that the 
adoption of adjunct topical haemoglobin spray can 
effect these desired changes in the wound healing curve 
and, due to the nature of the technology, it can be easily 
and sustainably implemented within relevant whole 
populations seeking wound care, and to all patients 
presenting with a wound that is at risk of not healing 
within 2–4 weeks, in line with recommendations 
published elsewhere.  JWC

References  
1 Briggs A, Gray A. The distribution of health care costs and their 
statistical analysis for economic evaluation. J Health Serv Res Policy 
1998; 3(4):233–245. https://doi.org/10.1177/135581969800300410
2 Malehi AS, Pourmotahari F, Angali KA. Statistical models for the 
analysis of skewed healthcare cost data: a simulation study. Health Econ 
Rev 2015; 5:11. https://doi.org/10.1186/s13561-015-0045-7
3 Mihaylova B, Briggs A, O’Hagan A, Thompson SG. Review of statistical 
methods for analysing healthcare resources and costs. Health Econ 2011; 
20(8):897–916. https://doi.org/10.1002/hec.1653
4 Nixon RM, Thompson SG. Parametric modelling of cost data in medical 
studies. Stat Med 2004; 23(8):1311–1331. https://doi.org/10.1002/
sim.1744
5 Lindholm C, Searle R. Wound management for the 21st century: 
combining effectiveness and efficiency. Int Wound J 2016; 13(Suppl 2):5–
15. https://doi.org/10.1111/iwj.12623
6 Milne J, Searle R, Styche T. The characteristics and impact of 
hard-to-heal wounds: results of a standardised survey. J Wound Care 
2020; 29(5):282–288. https://doi.org/10.12968/jowc.2020.29.5.282
7 Guest JF, Fuller GW, Vowden P. Cohort study evaluating the burden of 
wounds to the UK’s National Health Service in 2017/2018: update from 
2012/2013. BMJ Open 2020; 10(12):e045253. https://doi.org/10.1136/
bmjopen-2020-045253
8 Fife CE, Eckert KA, Carter MJ. Publicly reported wound healing rates: 
the fantasy and the reality. Adv Wound Care (New Rochelle) 2018; 
7(3):77–94. https://doi.org/10.1089/wound.2017.0743
9 Guest JF, Ayoub N, McIlwraith T et al. Health economic burden that 
different wound types impose on the UK’s National Health Service. 
Int Wound J 2017; 14(2):322–330. https://doi.org/10.1111/iwj.12603
10 Porter ME, Teisberg EO. Redefining health care: creating value-based 
competition on results. Harvard Business Review Press, 2006
11 Gray TA, Rhodes S, Atkinson RA et al. Opportunities for better value 
wound care: a multiservice, cross-sectional survey of complex wounds 
and their care in a UK community population. BMJ Open 2018; 
8(3):e019440. https://doi.org/10.1136/bmjopen-2017-019440
12 Dissemond J, Kröger K, Storck M et al. Topical oxygen wound 
therapies for chronic wounds: a review. J Wound Care 2015; 24(2):53–54, 
56–60, 62–63. https://doi.org/10.12968/jowc.2015.24.2.53
13 Arenberger P, Engels P, Arenbergerova M et al. Clinical results of the 

application of a hemoglobin spray to promote healing of chronic wounds. 
GMS Krankenhhyg Interdiszip 2011; 6(1):Doc5. https://doi.org/10.3205/
dgkh000162
14 Elg F, Hunt S. Hemoglobin spray as adjunct therapy in complex 
wounds: meta-analysis versus standard care alone in pooled data by 
wound type across three retrospective cohort controlled evaluations. 
SAGE Open Med 2018; 6:2050312118784313. https://doi.
org/10.1177/2050312118784313
15 Hu J, Guo S, Hu H, Sun J. Systematic review of the efficacy of topical 
haemoglobin therapy for wound healing. Int Wound J 2020; 17(5):1323–
1330. https://doi.org/10.1111/iwj.13392
16 Von Eiff W. Health economic evaluation: the economic efficiency of 
Granulox, 2013. https://tinyurl.com/yp77zcun (accessed 12 February 
2022)
17 Arenberger P, Elg F, Petyt J, Cutting K. Expected outcomes from 
topical haemoglobin spray in non-healing and worsening venous leg 
ulcers. J Wound Care 2015; 24(5):228, 230–232, 236. https://doi.
org/10.12968/jowc.2015.24.5.228
18 Brüggenjürgen B, Hunt SD, Eberlein T. Wound management in 
diabetic foot ulcer (DFU): incremental cost analysis of treating diabetic 
neuropathic foor lesions with adjunct hemoglobin contact spray in 
Germany. ISPOR 2017; 20(9):PA582. https://doi.org/10.1016/j.
jval.2017.08.1040
19 Bojke C, Chadwick P, Gutacker N, Hunt S. Economic evaluation of a 
treatment for non-healing wounds with observational data: an example of 
a topical haemoglobin spray for the treatment of diabetic foot ulcers. 
Leeds Institude of Health Sciences, 2017  
20 SHTG. Granulox haemoglobin spray: innovative medical technology 
overview 006-2016; 2016.  https://tinyurl.com/55pwtn55 (accessed 12 
February 2022)
21 Elg F, Bothma G. Cost-effectiveness of adjunct haemoglobin spray in 
the treatment of hard-to-heal wounds in a UK NHS primary care setting. 
J Wound Care 2019; 28(12):844–849. https://doi.org/10.12968/
jowc.2019.28.12.844
22 Hunt S. Exploring the effectiveness of topical haemoglobin therapy in 
the acute care setting on diabetic foot ulceration. The Diabetic Foot 
Journal Vol 20 No 3, DFUs 2017. https://tinyurl.com/5n8vs6cu (accessed 
12 February 2022)
23 Hunt S, Elg F. The clinical effectiveness of haemoglobin spray as 
adjunctive therapy in the treatment of chronic wounds. J Wound Care 
2017; 26(9):558–568. https://doi.org/10.12968/jowc.2017.26.9.558
24 Hunt SD, Elg F, Percival SL. Assessment of clinical effectiveness of 
haemoglobin spray as adjunctive therapy in the treatment of sloughy 
wounds. J Wound Care 2018; 27(4):210–219. https://doi.org/10.12968/
jowc.2018.27.4.210
25 Arenbergerova M, Engels P, Gkalpakiotis S et al. [Topical hemoglobin 
promotes wound healing of patients with venous leg ulcers]. [In German] 
Hautarzt 2013; 64(3):180–186. https://doi.org/10.1007/s00105-012-2528-3
26 Bauer MS. Kirchner J. Implementation science: what is it and why 
should I care? Psychiatry Res 2020; 283:112376. https://doi.org/10.1016/j.
psychres.2019.04.025
27 Hunt SD, Elg F. Clinical effectiveness of hemoglobin spray (Granulox) 
as adjunctive therapy in the treatment of chronic diabetic foot ulcers. 
Diabet Foot Ankle 2016; 7:33101. https://doi.org/10.3402/dfa.v7.33101
28 Chadwick P, McCardle J, Mohamud L et al. Appropriate use of topical 
haemoglobin in chronic wound management: consensus opinions. 
Wounds UK 2015; 30–35

Reflective questions

	● In which patients should adjunct topical haemoglobin spray 
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and stagnation, and not waiting until the wound has reached 
this stage?
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	● What easy to implement changes can be made to shift the 
healing curve to the left for hard to heal wounds?
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