
ABSTRACT
Aims

To evaluate the safety and effectiveness of photo-
biomodulation1 therapy in addition to the standard 
of care (SoC) for managing diabetic foot ulceration 
(DFU), we designed a prospective randomised dou-
ble-blind trial for neuro-ischemic patients (HERMES 
study), whose design and study protocol we describe 
in this paper.

Patients and methods
All patients with a chronic neuro-ischemic DFU wider 
than 1 cm2 attending the S. Donato Hospital DF 
Clinic in Arezzo, Italy (I), will be screened for enrol-
ment.

After two weeks, while patients are treated with SoC, 
those whose lesions have not decreased by 50% or 
more in size will be randomised into two groups: the 
control group will be managed with SoC, while the 
study group will be treated with photobiomodulation 
+ SoC twice weekly for 20 weeks, or until healing. 
Both groups will be managed in the community by 
visiting nurses. The outcomes [healing rates at 24 
weeks (primary endpoint), healing times, speed of 

area reduction, pain, quality of life, adverse events] 
will be blinded to the treatment.

Results
As a pilot study, we cannot anticipate results, but 
we expect a positive difference of at least 15% in 
the study group’s primary outcomes, compared to 
controls, with no worsened safety profile. 

Conclusions and implications 
for clinical practice

The interest of the HERMES study, beyond the 
findings related to the efficacy and safety of pho-
tobiomodulation, lies in the characteristics of this 
low-cost, no-waste technology and its integration in 
specialist and community-based care.

Background
The complications of diabetes mellitus (DM) in 
the lower limbs, generically known as ‘diabetic foot’ 
(DF), affect one in three patients with DM at least 
once in their life and represent the most prevalent 
cause of lower extremity amputation (LEA) in the 
world, such that it is estimated that a limb is lost 
every 20 seconds because of DF.1,2
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The pathology of DF is multifactorial, involving in its 
aetiology both endogenous [neuropathy, peripheral 
arterial disease] and exogenous (infection, repetitive 
traumas) components, and it is characterised by the 
frequent and recurrent development of ulcers (DFU), 
typically marking the acute phases of the disease, 
which represent the most peculiar and clinically rel-
evant aspect of the pathology.3

The pathogenesis of DFU is complex and condi-
tioned by the many components of the disease; if 
the occurrence of the lesion can actually be attrib-
uted to the increased pressure in an insensate and 
deformed neuropathic foot, the progression and the 
delay of healing is mostly conditioned by local is-
chemia, which limits the possibility of tissue repair 
progression and freezes the lesion in a low-intensity, 
chronic inflammatory state, prolonging the ulcerative 
condition far beyond the physiological healing time.4

How the duration of a DFU directly correlates with 
the likelihood of developing an infection, which in 
turn increases the risk of LEA up to 300%,5 has been 
demonstrated.

Since LEAs are preceded in 85% of cases by a DFU, 
it is evident that fast and effective in healing of DFUs 
will mean a reduction in the amputation risk for a 
vast majority of patients with DF.6

The management of DFUs is, per se, a complex is-
sue, since there are many different components of 
the therapy that must be implemented to adequately 
accomplish the task, as clearly outlined in the in-
ternational guidelines released every four years by 
the International Working Group on Diabetic Foot 
(IWGDF).7

Relief of pressure, debridement, treatment of infec-
tion and restoration of blood supply are the corner-
stones for managing DFU and are considered the 
standard of care (SoC) for this pathology.7

In recent years, revascularisation procedures, tech-
nically adequate offloading, specialised surgery and 
better local care have led to a positive change in the 
prognoses of DF patients, leading to a significant 
decrease in the number of LEAs in Europe and the 
USA.8,9

This important achievement, although changing 
the outcomes of DFU in the medium term, have 

not significantly affected long-term prognoses, since 
frequent recurrences transform an acute problem in 
a chronic, recurrent and worsening ulcerative condi-
tion.3

These new clinical patterns have drastically changed 
the paradigm of care for the disease, from a perspec-
tive in which the aim was to cure the DFU to heal 
the patient, to a situation in which the cure of the 
DFU would be finalised by giving the patients as 
many ulcer-free days as possible.10

In this situation, the possibility for managing the ul-
cerations in an effective and timely manner becomes 
central to the project of caring for DF patients, not 
only to give them a maximum chance of living a good 
quality life, but also for decreasing the possibility of 
complications such as infection or gangrene, which 
would lead the patient to a much more likely LEA.11

Blue Light Therapy
The application of physical treatments to cure many 
forms of chronic ulcers dates back a number of years, 
to when many experiments were done to test a variety 
of options.12,13 The advantages of physical therapies 
for the management of chronic ulcerations, when 
compared with the more traditional bio-chemical 
approach, lie in the different relationships between 
the therapeutic mean and the biology of the lesion; 
while in the latter the effects are mediated by a direct 
interaction, in the former the interaction is indirect 
and the consequences are the results of the physical 
modifications of the environment of the ulcers, which 
can be affected in many ways at multiple levels and 
with a single application.14

Electricity and magnetism, positive and negative 
pressure, ultrasounds, a range of ionising radiations 
and many other means have all been tested with 
varying effects on chronic wounds; a summary of 
these experience has recently been published in an 
EWMA Document on new technologies in wound 
management.14

Phototherapy, using either coherent (laser) or non-
coherent light, has found application in many dif-
ferent clinical models with generally good results, 
although the rationale, selection of patients, mode 
of application and outcomes are highly variable from 
one study to another.15–17

More recently, a blue LED light (420 nm) was tested 
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in wound repair, initially as a haemostatic mean, and 
then in a wider range of ulcerative conditions, testing 
and demonstrating a number of different effects in 
the process of wound repair and tissue regeneration.18

The choice of this range of light frequency is related 
to the observation that both haemoglobin and pro-
toporphirin IX absorb light of this frequency. In the 
case of the absorption from haemoglobin, the effects 
are related to the heat generated (the photothermal 
effect), while in the case of protoporphirin IX, the ef-
fect is direct (the photochemical effect) and interferes 
with many different biological processes involved in 
wound healing.19–22

The cellular target of the blue light’s application is 
Cytochrome C, a component of the mitochondrial 
electron transport chain responsible for ATP synthe-
sis. The light absorption increases the formation of 
ATP molecules, giving the cell extra energy, which 
is important, especially during the reparative phase 
of tissue regeneration.24–26

Moreover, the application of blue light has been as-
sociated with the increase of reactive oxygen species 
(ROS), and in the activation of macrophages, both of 
which are important during the inflammatory phase 
of wound repair.23

A pro-angiogenetic action has also been demonstrat-
ed after the application of blue light in animal models 
of chronic ulcers, which can be beneficial in all the 
stages of tissue repair.27

From these promising findings, a class IIa medical de-
vice was designed, engineered and manufactured by 
an Italian company,2 which patented the technology 
and the device, named it and tested it in a number 
of clinical applications involving pilot trials on both 
venous leg ulcers and difficult-to-heal lesions. These 
yielded positive, although anecdotal, results.28–31

This is a portable device that employs LED sources 
emitting non-coherent blue light with a wavelength 
between 410–435 nm and an optical power density 
of 120 mW/cm2, powered by a rechargeable lithium 
battery (Fig. 1). The portability and non-invasiveness 
of the device make it suitable for its use both in hospi-
tal and community settings, and for the management 
of chronic ulcerative pathologies.

Aims of the study
With the aim of testing the safety and efficacy of blue 
light photo-biomodulation in addition to SoC for the 
management of chronic DFUs, in comparison with 
SoC alone, we designed a prospective double-blinded 
randomised study (HERMES) to be conducted with 
outpatients, followed by specialised centre and treat-
ment in a community setting in Tuscany. The study 
was registered with clintrials.gov (# NCT04831606). 
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Fig 1 (a–c) – The EmoLED Blue Light therapy 
device: a. the complete set with protective glasses, 
comfort screen, light generator and emitter and 
charger; b. the front of the emitter, ready for use; 
c. application of blue light on a DFU patient.

Figure 1c

Figure 1b

Figure 1a
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Patients, materials and methods
All new patients consecutively presenting at the in-
vestigator site, a specialised centre for DF (DF Clin-
ic of the Hospital S. Donato, Arezzo, Italy) will be 
screened according the following inclusion criteria: 
they should be over the age of 18; affected by T1DM 
or T2DM with a glycated haemoglobin ≤10% (86 
mmol/mol); peripheral neuropathy confirmed with 
Semmes-Weinstein monofilament (5.07/10g/cm2); 
an ankle/brachial pressure index (ABPI) of 0.7–0.9; 
a DFU (IC–IIC according to the Texas University 
Scoring System - 32) wider than 1 cm2 located on 
the toes, on the plantar side, on the margins or on 
the dorsum of the foot lasting from 1–24 months. 
In cases of more than one lesion present on the same 
foot, only one will be selected for the sake of the 
study, based on the judgement of the investigator, 
and then identified as the index lesion.

Patients could be either ambulatory or admitted to 
the hospital at the moment of the screening, but then 
they should be followed on an outpatient basis in 
the community by visiting nurses; patients should 
be willing to be included in the study and agree to 
follow all the prescriptions, including wearing the 
offloading devices. They should also sign a written in-
formed consent document before entering the study. 
The nurses who will carry out the dressing changes 
and treatments are specialist experts in wound care 
who belong to the skin lesions network.

Exclusion criteria will be: location of the ulcer on 
the heel or pressure ulcers, dialysis treatment, being 
bedridden or not ambulatory, having a life expectancy 
of less than one year, being pregnant or breastfeeding, 
the presence of infection or osteomyelitis according 
to the criteria of the Infectious Disease Societies of 
America,33 having a diagnosis of Charcot’s disease, 
being affected by cancer or any chronic pathology 
potentially interfering with tissue repair, being treated 
with high doses of steroids or immuno-suppressants, 
psychiatric disturbances that might interfere with the 
course of the treatment, photosensitisation, participa-
tion in a clinical study in the three months preced-
ing the enrolment, not being able to understand the 
scope of the study and being incapable of providing 
adequately informed consent.

Once patients are screened and sign the informed 
consent document, they will be treated for two weeks 
with SoC and then re-evaluated. If the ulcer will be 
reduced in size ≤50%, they will be randomised into 

one of two groups: the control group will be treated 
with the SoC according to IWGDF guidelines. A syn-
thetic anamnesis and demographics of the patients, 
alongside with their systemic and local conditions, 
will be recorded; the eventual presence of pain will 
be evaluated with a VAS scale. The lesion will be 
surgically debrided, removing all necrotic and non-
viable tissue, cleaned with saline solution and then 
measured with a dedicated electronic device.3 The 
lesions will then be dressed with sucrose octasulfate-
impregnated gauzes and the offloading device4 will 
be applied according to the instructions of manu-
facturer. These will be rendered irremovable by the 
patients, according to indications in the IWGDF 
guidelines.7,34,35 

After the first visit, patients will be followed twice 
weekly by visiting nurses who, at the patient’s home, 
will remove the offloading device and dressing; check 
for eventual adverse events; clean the lesion with sa-
line solution; and reapply the dressing and offloading 
device, securing it so that it is not removable by the 
patient.

In the case of a non-severe adverse event (i.e., a mild 
or moderate infection), this would be recorded and 
the physician responsible for the patient will be in-
formed so a timely decision can be made on how 
to deal with it and whether or not the patient may 
continue with the study or be removed.

In the case of a severe adverse event (i.e., a severe 
infection) the patient will be withdrawn from the 
study and the communication sent for monitoring 
within 24 hrs, together with all information regarding 
his or her condition and actions taken.

The patients in the study group will be managed 
in the same way, with the adjunct of application of 
EmoLED® after the dressing removal and cleaning 
with saline solution. The application will consist of 
irradiation for 2 minutes for every 5 cm2 of the le-
sion, until the entire surface of the lesion is covered. 
Then, the dressing and offloading will be re-applied.
The duration of treatment will be 20 weeks, for a 
total of 40 home visits, but the patients will be fol-
lowed up to 24 weeks.

Once per month, patients will visit the specialised 
centre, where the investigator will measure the lesion 
area and score it, making a clinical evaluation of both 
the lesion and the patient, looking for possible ad-
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verse events and evaluating their pain using the VAS 
scale. Compliance with the treatment and offloading 
device will also be monitored.

After the visit on the 20th week, if the lesion is not yet 
healed, patients in both groups will receive only SoC, 
with the same frequency and in the same way they 
were treated in the previous 20 weeks, but without 
light exposure.

At the 24-week visit in the centre, the patient will un-
dergo the same procedures and evaluations conducted 
in the other monthly controls at the specialist centre. 
If the lesion has healed before the end of the follow 
up period, the patient will have one extra visit at the 
centre within one week from the supposed healing; 
if the investigator confirms the healing, the final visit 
protocol is then performed, and the healing time is 
set as the previous visit. Otherwise, the patient will 
continue with the study until healing is achieved.

To standardise the procedures and evaluations, all 
investigators and visiting nurses will be trained in a 
dedicated session held before the start of the screen-
ing period at the DF clinic of the Hospital of S. 
Donato, in Arezzo.

All investigators and visiting nurses will wear personal 
protection devices during the visits and evaluations 
of patients and lesions, and rules and procedures for 
preventing COVID-19 dissemination will be adopt-

ed and implemented according to the indications of 
local health authorities.

In the case of a possible COVID-19 infection, the 
rules for preventative isolation, contact-tracing and 
viral screening will be put in place, as per Italian Min-
istry of Health indications; patients will be suspended 
from the study until the results of the screening are 
released. In the case of a negative result, the patient 
will re-enter the study, and the symptoms will be 
considered an adverse event and managed as such. In 
the case of a positive result, it would be considered a 
severe adverse event, recorded and reported as such, 
and the patient will be removed from the study.

At the first visit and at the follow-up visit at 24 weeks 
(or at the last visit, in cases where the lesion heals 
before the end of the follow up period), patients will 
be asked to complete two questionnaires evaluating 
their quality of life (EuroQuol 5.0 and WoundQuol); 
moreover, they will be asked to express their apprecia-
tion for and level of satisfaction with the treatment 
received, by answering questions targeted these items.
To secure the double-blindness of the study, both 
the investigators in the hospital centre (AS) and the 
patients will be unaware of the randomisation, which 
will be performed using freeware (www.randomiza-
tion.com) managed by an external technician not in-
volved in the study (DR) and communicated via mail 
only to the responsible visiting nurses (SS), who will 
organise the home visits and allocate patients into the 
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Screening
[The patient will be followed for 2 weeks with SoC]

Enrollment and randomisation
[The patients will be evaluated at baseline and treated twice per week at home]

Evaluation of lesions
[Monthly, at the investigator’s centre, blinded vs the treatment]

End of photo-biomodulation treatment
[The patient continues SoC]

Figure 2: Chronogram of the study

+4 weeks

End of follow-up

+20 weeks +24 weeks
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groups according to the results of the randomisation. 

Patients will be blinded to the treatment by the use 
of opaque plastic glasses of the same kind used in 
phototherapy settings to protect the eyes from actinic 
damage; the nurses will irradiate the lesion in the 
patients belonging to the study group, but they will 
turn the lamp to the on the other side in the cases of 
the patients in the control group, although they will 
complete all the same operations otherwise.

All measurements and clinical evaluations will be per-
formed by the investigators at the hospital centre, 
who will be blinded to the treatments the patients 
have actually received.

Dimension of the sample
Being the first prospective trial to use blue light ther-
apy in DFUs, there are no previous studies to refer 
to calculate the power and dimension of the sample.
This study should be considered a pilot trial, and 
from this perspective, in consideration of the real 
possibility of captioning the study centre, we aim to 
include 40 patients during an 18-month enrolment 
period.

To select these patients, we forecast screening 200 
consecutive patients, which will represent roughly 
2/3 of the patients seen in the centre over 18 months.
Calculating a 15–20% drop-out rate, we would end 
the study with 32–34 patients who have completed 
the treatment; the results will then be analysed ac-
cording to the intention to treat model, and so re-
ferred to the 40 patients enrolled.

The duration of the study, considering the 18-month 
enrolment period, the 2-week pre-randomisation and 
the 24-week follow-up, will be 24 months.

Outcomes
The following outcomes will be evaluated: the num-
ber of adverse events; the number of severe adverse 
events, with special attention to deaths, amputations, 
infections and recurrences, to define the techniques’ 
safety; healing rate at 24 weeks; healing time; speed 
of area reduction; pain intensity, to define the ef-
fectiveness of the treatment and patients’ quality of 
life; and satisfaction of the patients and nurses with 
the treatment.

Cost-effectiveness will be evaluated by measuring all 
direct and indirect costs related to the care provided 

during the whole treatment process.

Healing will be considered to be the complete and 
durable re-epithelisation of the ulcer, with no secre-
tions or fistulae of sinuses, confirmed at two visits 
within one week. The healing date will be reported 
as the first finding of re-epithelisation. Though there 
are no published clinical data to which to refer to 
anticipate, being a superiority study, we can expect a 
difference of at least 15% in favour of the blue light 
treatment in addition SoC, compared to SoC alone. 

Statistical analysis
Data will be reported as continuing or categorical 
variables; the first will be expressed as mean ± stand-
ard deviation, while the second as percentages; con-
tinuous data will be analysed with the student’s t-test, 
analysis of variance and a Mann-Witney U test, in 
the case of non-parametric distribution. Categorical 
variables will be compared using the Chi2 test with 
Fisher’s correction.

Survival analyses will be performed on the healing 
and reduction of lesional areas via the Kaplan-Meier 
test. An α-error of less than 5% will be considered 
significant; the analysis will be performed by a pro-
fessional statistician who is unaware of the details 
of the study (for the sake of statistical elaboration, 
the two groups will be identified as Group A and 
Group B), using an open source statistical package 
(R Commander; an open source statistical software 
developed on Linux by John Fox) running on a per-
sonal computer.

Discussion and implications 
for clinical practice

The HERMES study (blue ligHt photobiomodula-
tion thErapy on neuRoischeMic patiEntS) represents 
the first prospective randomised trial of this kind in 
DFUs and can be considered a pilot study, since blue 
light has never been tested in this model of chronic 
ulceration.

The interests of the study lie not only in the novelty 
of the therapeutic approach, which is based on the 
multiform interaction between non-coherent light 
and the cellular biology, but also in the peculiar sub-
set of the patients selected and for the design of the 
study, which is shared between the hospital and the 
community.

The subset of DFUs chosen for this first experience 
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with blue light therapy is the neuro-ischemic ulcer, 
in a range of ischemia that is not yet so critical as 
to constitute an indication to revascularisation, but 
which actually negatively affects the progression to-
wards wound repair.36

These kinds of lesions are not only the most recal-
citrant to healing, they are also the most frequent 
among those affecting DF patients. The EURO-
DIALE study demonstrated how DFUs with an is-
chemic component accounted for 49% of all ulcers 
in the whole group of 1300 DFU patients followed 
for one year in 14 specialised centres in 10 European 
countries.37

Since then, revascularisation practices, which in re-
cent years have changed the prognoses of patients 
with critical limb ischemia, have saved limbs from 
amputation and actually transformed a significant 
number of critical patients to patients with a neuro-
ischemic DFU, thus inflating this particular subset 
of DFU which now can be estimated to be roughly 
60% of those followed in the specialised DF clinic 
in Italy.38

According to the most recent edition of international 

guidelines on the management of diabetic foot, the 
SoC for these DFUs is represented by debridement, 
offloading and sucrose-octasulfate dressing, which 
has been demonstrated as more effective than stand-
ard dressings for promoting healing in this context; 
this is the SoC we adopted in the study, on top of 
which we will test to what extent blue light can fur-
ther improve the efficacy of local treatment.35

In this model, blue light therapy should not be con-
sidered an alternative therapy, but rather a comple-
mentary one, for a very difficult-to-heal ulceration; 
this is also in the indications of the guidelines, which 
recommend adjunctive treatments in this context.7

Another novelty of the HERMES study is its bi-di-
mensional design; patients will be screened, enrolled 
and characterised in a highly specialised DF clinic 
inside the hospital and then treated in the community 
by a pool of specially trained visiting nurses.

This is the first time, to our knowledge, that shared 
care is part of an interventional study on DFUs; be-
yond the evaluation of the efficiency of such a model, 
the organisational and econometrical aspects are of 
specific interest, since the containment of manage-
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Figure 3: Consort diagram of the study
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ment-related costs is expected to be an indirect con-
sequence of this strategy.

These aspects will be evaluated in a spin-off of the 
HERMES study after completion of the clinical por-
tion: all direct and indirect costs generated by the 
treatments of patients will be analysed in a systematic 
way, in order to determine the cost-effectiveness of 
the two different treatments and, more generally, to 
compare it with the standard approach, in which 
patients are followed up by the DF clinic only.

The limitations of this study are that it is a single-
centre one, which might introduce a selection bias, 
since outcomes may be influenced by local practices, 
and another selection bias, since the centre is a referral 
centre for south-eastern Tuscany, which could limit 
the generalisability of the results. The very specific 
selection of patients who do not reflect the hetero-
geneity of Diabetic Foot Syndrome could also be 
considered a limitation.

Another risk of bias is related to the nature of the 
lesions treated, as all belong to the Diabetic Foot Syn-
drome spectrum of ulceration; this would, of course, 
limit the extendibility of the results to other kinds of 
ulcers, such as venous leg ulcers or pressure ulcers.
Despite these limits, the study is of extreme interest 
because it will bring new and important information 
on both the clinical and organisational aspects of the 
management of DFU.

IMPLICATIONS FOR CLINICAL PRACTICE
n 	 This is the first prospective, double-blind RCT 	
	 on photobiomodulation for the management of 	
	 neuroischemic DFUs.

n 	 If the results meet expectations, photobiomodula-
	 tion could be proposed as an adjunctive therapy 	
	 in the home care follow-up management of this 	
	 subset of DFUs.

n 	 Being a low-cost technology based on the applica-
	 tion of blue light, with no consumption waste and 
	 no limitations for the use in home care, this ther-
	 apy is potentially cost-effective for this indication.

n 	 Further research will evaluate cost-effectiveness 	
	 of this therapy, and its other possible indications 	
	 for use in the field of chronic ulcers. 

Disclosure
The study has been commissioned and will be fully 
financed by EmoLED SrL, which will only sponsor 
the study and supply the materials for conducting it, 
without interfering with data collection, analysis or 
interpretation. This study will be carried out accord-
ing to the European Rules of Management of Clinical 
Trials during COVID-19.39 AP and SG designed the 
study; AS and SS will perform the clinical study and 
collect the data; AP will analyse the data and write 
the paper; AP, AS, SS and SG will interpret the results 
and contribute to the writing of the paper, AP will re-
vise and edit the paper and is the grantor of the study.

The study has been designed and will be carried out 
according to the Declaration of Helsinki’s principles 
and the ethical standards of the NIH.40
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Key messages
n 	 We describe the design and study protocol of a 
	 prospective RCT to be carried out in combina-
	 tion between a specialised DF clinic and home 
	 care service.

n 	 The aim of this study is to compare photobio-
	 modulation to the standard of care for the manage-
	 ment of neuro-ischemic diabetic foot ulceration.

n 	 We expect a superior outcome in the healing rates 
	 at 24 weeks of 15% in favour of photobiomodula-
	 tion, with no worsened safety profile.

n 	 In addition to these outcomes, the interest of the 
	 study lies both in the novelty of the therapy, which 
	 is a low-cost, no-waste technology, and in the 
	 integration of specialist in-hospital care and 	
	 home care. m
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