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Local application of antibiotic-loaded

calcium sulphate (STIMULAN®) in diabetic
foot infections: Clinical evaluation process
and preliminary experience

by Maureen Bates and Dr Prash Vas

at the new Tech Symposium in the
European Wound Management Association
2024 conference in London, United Kingdom.
The speakers presented the trial design
and preliminary data from their ongoing
clinical evaluation aimed at assessing the
effectiveness of antibiotic-loaded calcium
sulphate (STIMULAN®) treatment in people
with diabetic foot infections (DFIs) and
complex wounds. The pathway outlined in
this publication can be adapted as per local
guidelines.

T his report is based on the presentation

Calcium sulphate applications in diabetic
wound management

Due to dysfunctional immune, metabolic
and nervous system in even well-controlled
diabetes, approximately 25% of all people
living with diabetes develop a diabetic foot
ulcer (DFU) over their lifetime (Singh et al,
2005; Mauricio et al, 2020). Bone deformity

Presenting at the new Tech Symposium at the European Wound Management
Association 2024 conference on May 1, 2024, Dr Prash Vas and Maureen Bates

share their work on calcium sulphate (STIMULAN®) -based antibiotic treatment for
managing complicated diabetic foot infections. Providing examples of previous similar
interventions from recent publications, the speakers share the plan of the evaluation,
highlighting the patient selection method, management pathway and preliminary
patient outcomes. This clinical evaluation includes people with diabetes who had non-
healing foot ulcers despite receiving best standard of care. The preliminary experience
indicates that provision of antibiotic-loaded calcium sulphate (STIMULAN®) is practical
in a busy multidisciplinary service and can be feasibly managed in the outpatient
facility. A positive benefit was noted as a subjective reduction in wound areq, a
subjective improvement in overall wound appearance, and in the use of systemic
antibiotics. No systemic or local adverse reactions to calcium sulphate (STIMULAN®)
were observed in the preliminary phase. Overall, these preliminary data show how
calcium sulphate (STIMULAN®) can be an effective option for localised antibiotic
therapy as an adjunct in the treatment plan for diabetic foot ulcers and highlight the
need to identify the individuals most likely to receive benefits from this intervention.
The pathway devised for this clinical evaluation via the local Clinical Commissioning
Group (CCG) can be adapted throughout the UK, as per local guidelines, to improve
outcomes for people with diabetes living with complicated foot infections.

and peripheral arterial disease (PAD) increase
the risk of DFUs in people with diabetes;
furthermore, approximately 60% of all DFUs are
infected upon presentation, posing significant
danger to foot integrity and patient’s life
(Crowther et al, 2021).

Due to the complications associated with
diabetic foot and its vulnerability to infections,
improving patient outcomes requires a
targeted and multifactorial management
approach. When treating an infected DFU,
surgical debridement is undertaken to remove
infected areas, including soft tissue and
deformed/infected bone. Although this can
help reduce infection burden, it also causes
bone voids where infection can thrive again
and no systemic antibiotics can work effectively
(Kavarthapu et al, 2023). In summary,
dysfunction of several other physiological
processes in a chronic wound [Figure 1]
creates a complex environment that makes it
difficult to treat chronic versus acute wound
(Monika et al, 2022).
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Figure 1. Challenges in the
environment of a chronic
wound (adapted from
Monika et al, 2022).
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Figure 1

Biodegradable topical/local antibiotic
delivery vehicles are emerging as a solution
to assist post-surgery bone formation and
provide optimal antibiotic concentration in
the infected area (Markakis et al, 2018), with
a number of studies on calcium sulphate
beads showing improved outcomes in both
infected and uninfected wounds (Tarar et
al, 2021; Lun et al, 2024). Howard et al (2022)
found that, for managing revision arthrodesis,
layering an autologous bone graft with an
adjuvant antibiotic-loaded calcium sulphate—
hydroxyapatite paste can prevent infection
recurrence in void bone gaps. A study of
diabetes patients with transmetatarsal
amputation found that bioabsorbable calcium
sulphate beads with antibiotic-loading lowered
the wound revision rate, suggesting that this
single-stage intervention can potentially
decrease hospital stay and other healthcare
cost while improving patient’s quality of life
(Kraus et al, 2009).

For mildly and moderately infected DFUs,
topical antimicrobial treatment has been
suggested as an alternative to systemic
treatment and can provide a route to avoid the
emergence of antibiotic resistance (Lipsky et
al, 2008; Lipsky et al, 2012).

STIMULAN® — calcium sulphate beads
loaded with antibiotics - releases above-
therapeutic levels of antibiotics at the site
of wound and has been shown to target
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the biofilm bioburden in people with DFls,
potentially by controlling local infection and
inducing positive angiogenic effects (Crowther
et al, 2021; Chadwick et al, 2022). This helps
address important wound healing challenges
outlined in Figure 1.

Structure and mechanism of action of
STIMULAN®

Approved for use in both bone and soft
tissue, STIMULANE® is a bioabsorbable calcium
sulphate matrix available in different bead
sizes and can be applied to versatile surgical
sites (Biocomposites, 2024). The beads
consist of calcium sulphate dihydrate, once
prepared, and, when used for bone voids in
situ, are absorbed within 30-60 days. Due

to the adaptability of these beads in filling
voids and gaps, STIMULAN® can be used for
general surgery, cyst treatment, osteomyelitis
surgery and other clinical situations involving
traumatic wounds.

This clinical evaluation assessed the
effectiveness of antibiotic-loaded calcium
sulphate (STIMULAN®) as an adjunct therapy in
the treatment of diabetic foot infections.

Patient selection and clinical

evaluation design

In this single-centre clinical evaluation at
King's College London Hospital, UK, patient
identification was podiatry-led, with a MDT

Wounds UK 2024 | Volume: 20 Issue: 4

53



Meeting report

Figure 2. Clinical
evaluation design for
STIMULAN® effectiveness
assessment. The arrow
depicts evaluation
milestones, with details
explained at appropriate
steps.

DFC = Diabetic Foot
Clinic, King's College
Hospital, London;

MDM = multidisciplinary
management; MDT =
multidisciplinary team.

confirming patient suitability. Once patients

were selected, the choice of antibiotics was

finalised according to microbiology results.

Patient inclusion was based on the following

criteria:

» People with diabetes of any kind who had
a non-healing diabetic foot ulcer (despite
receiving the best standard of care) with
mild infection in the wound as per the
guideline of the international Working Group
on the Diabetic Foot/Infectious Disedases
Society of America (IWGDF/IDSA)

+ People with slow-to-heal DFUs or low-grade
osteomyeltis with presumed viable bone
were included as part of the evaluation.
However, those with advanced bone
necrosis were excluded

+ No immediate revascularisation or
orthopaedic surgical intervention was being
considered; however, some patients may
have previously received such interventions

» People who were intolerant to systemic
antibiotics were also considered, as long as
they also the met the above criteria

Based on this clinical evaluation design, the
CCG local to the authors’ clinical setting
created and approved the use of this pathway
for people with complicated foot infections.

Figure 2 depicts the design and the timeline
for follow-ups.

Preliminary results
At the time of this presentation, a total of 20
people were included in the early feasibility

phase, with microbiology analysis of their
wounds yielding varied results. Figure 3 shows
a patient’s recovery journey over the course of
the clinical evaluation. This patient received no
systemic antibiotics after the first two weeks,
and healing of the ulcer was achieved by week
8. (Detailed outcomes and patient data will be
published in a separate article.)

Adverse events

No self-reported adverse events were
recorded for any patient (full data not shown
here; a separate publication is in progress).
Additionally, there was no systemic toxicity/
adverse events and no localised, wound-
site reaction to STIMULAN®. No new/flared

up infection was reported either. Overall,
STIMULAN® was well-tolerated in all patients.

Discussion

This initial experience indicates the impact of
the MDT and safety of STIMULAN® in DFls for
people living with diabetes and soft-tissue
infection or osteomyelitis. Systemic antibiotics
are currently the go-to treatment for DFI
management (National Institute for Health
and Care Excellence [NICE), 2019). However,
the effectiveness of systemic antibiotics in this
patient population is compromised due to the
high prevalence of PAD, dysfunctional immune,
nervous and metabolic systems, and presence
of necrotic tissue around the affected areaq;
together, these abnormailities hinder the
effectiveness of systemic antibiotics, decrease
the probability of DFI resolution and lead to

Day O Day1 Clinical evaluation continued
Baseline
MDT visit + con- WEEINY Follow up for Follow up at
meeting firmation to reviews in DFC 6 weeks 12 weeks
proceed
MDT
meeting to Stimulan .~ Wound
discuss and application review
confirm
patient
eligibility Initial
systemic _ Blood tests
antibiotics as needed
if recom-
mended
within MDM )
Review
systemic
— antibiotics
. Appropriate - stopped if
offloading appropriate
Figure 2
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Figure 3b

delayed wound healing in people living with
diabetes (Lang et al, 2000; Turner et al, 2005).
In this backdrop and with the worldwide
increase in diabetes prevalence, the need for
an effective localised antibiotic treatment is
rising significantly. Patient outcomes reported
in this clinical evaluation are consistent with
several previous reports in presenting calcium
sulphate-based antibiotic delivery systems as
an emerging solution (Jogia et al, 2015; Luo et
al, 2016; Morley et al, 2016; Maale et al, 2020).
Local antibiotic delivery can potentially
lead to some adverse events similar to
systemic antibiotic treatment (e.g. allergy). In
vancomycin case studies with cobalt-cement
and cobalt spacers, antibiotic toxicity has been
reported (Reed et al, 2014; James and Larson,
2015). However, antibiotic-loaded calcium
sulphate (STIMULAN®) was well-tolerated in
the patient cases presented here. No patients
reported any discomfort or any other problem
with their treatment. There were no systemic
adverse events, local reaction to STIMULAN® or

Figure 3a. Patient journey:
presentation before
STIMULAN® administration.

This patient, with end
stage renal disease
and on dialysis,

had undergone
revascularisation with
only modest success
(images on the right).

Nov 2022

Figure 3b. Wound
improvement after
STIMULAN® administration.

Systemic antibiotics were
discontinued after
2 weeks.

Week 2

Week 1

Wound
re-ulceration
(week 8)

Week 7

unanticipated new/flared-up infections. This
is consistent with previous STIMULAN® studies
where no adverse effects were recorded
(Chadwick et al, 2022). One exception in these
studies was the presence of skin maceration
which could be attributed to the effect of
bead dissolution. However, this adverse event
did not occur in the population included in
this clinical evaluation. On the other hand,
systemic antibiotic treatment for diabetic
wound infections can result in several different
adverse events including allergy, Clostridium
difficile infection, adverse impact on liver and
kidney function and emergence of antibiotic-
resistant bacteria (Tamma et al, 2017).

Local antibiotic treatments can help avoid
some of the systemic adverse outcomes
reported with systemic antibiotic treatments
(e.g. organ toxicity) without causing any
significant additional adverse events (Crowther
et al, 2021). Furthermore, the ease of use and
reduced need for hospital stay can also help
decrease overall clinician time and healthcare
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« There is an unmet
need to develop
effective localised
and adjunct
treatments for
infected diabetic
foot wounds to
control infection
and promote
healing

This clinical
evaluation shows
that the delivery
of a STIMULAN®
programme is
feasible and
practical in busy
foot clinics, as long
as they are closely
overseen by a MDT
There is a need

to conduct large-
scale, prospective
clinical trials to
further identify
patient populations
that can benefit
most from the use
of STIMULAN®
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costs currently associated with unhealed or
complex diabetic wounds (Morley et al, 2016;
Chadwick et al, 2022).

Not only do these data indicate improved
outcomes for people currently included in this
clinical evaluation, this treatment pathway can
be adapted as per local guidelines by CCGs in
other clinical settings across the UK for people
living with complicated DFls.

The team are currently preparing a
manuscript, based on the 12-week outcome
of a larger-scale clinical evaluation and,
therefore, further data is awaited. The current
clinical evaluation demonstrates that calcium
sulphate-based, localised antibiotic carriers
can provide a safe alternative or adjunct
to systemic antibiotics while avoiding the
adverse outcomes associated with systemic
antibiotic treatment of DFIs.

Conclusion

STIMULAN®, a pharmaceutical-grade calcium
sulphate antibiotic carrier, offers a well-
tolerated option for improved healing in
nonhealing and/or complex diabetic foot
wounds. Created as beads that can fill ‘dead
spaces’, this system has the capacity to
deliver an effective local concentration of an
antibiotic, a goal that is hard to achieve with
systemic antibiotic therapy in people living
with diabetic foot ulcers. When using this
intervention, the initial patient management
should be undertaken in a formal
multidisciplinary setting and there is a need
to identify patient groups that can receive
maximum benefits from this intervention.
Finally, prospective randomised clinical trials
are needed to fully assess the effectiveness of
this intervention and monitor for emergence of
resistant bacterial strains. ®

References

Biocomposites (2024) STIMULAN®. Available from: https://
biocomposites.com/our-products/stimulan/

(accessed 14.08.2024)

Chadwick P, Ahmad N, Dunn G et al (2022) Local antibiotic
delivery: early intervention in infection management
strategy. Diabetic Foot J 25(2): 44-52

Crowther GS, Callaghan N, Bayliss M et al (2021) Efficacy of
topical vancomycin- and gentamicin-loaded calcium
sulfate beads or systemic antibiotics in eradicating
polymicrobial biofilms isolated from diabetic foot
infections within an in vitro wound model. Antimicrob
Agents Chemother 65(6): €02012-20

Howard T, Reichert |, Giddie J et al (2022) Treatment of
infected nonunions with bone defects using autologous
bone graft and absorbable antibiotic-loaded calcium
sulfate-hydroxyapatite paste. Foot Ankle Int 43(8): 1007-21

James A, Larson T (2015) Acute renal failure after high-dose
antibiotic bone cement: case report and review of the
literature. Ren Fail 37(6): 1061-6

Jogia RM, Modha DE, Nisal K et al (2015) Use of highly purified
synthetic calcium sulfate impregnated with antibiotics for
the management of diabetic foot ulcers complicated by
osteomyelitis. Diabetes Care 38(5): €79-80

Kavarthapu V, Giddie J, Kommalapati V et al (2023)
Evaluation of adjuvant antibiotic loaded Injectable bio-
composite material in diabetic foot osteomyelitis and
Charcot foot reconstruction. J Clin Med 12(9): 3239

Krause FG, deVries G, Meakin C et al (2009) Outcome of
transmetatarsal amputations in diabetics using antibiotic
beads. Foot Ankle Int 30(6): 486-93

Lang BJ, Aaron SD, Ferris W et al (2000) Multiple combination
bactericidal antibiotic testing for patients with
cystic fibrosis infected with multiresistant strains of
Pseudomonas aeruginosa. Am J Respir Crit Care Med
162(6): 2241-5

Lipsky BA, Holroyd KJ, Zasloff M (2008) Topical versus
systemic antimicrobial therapy for treating mildly
infected diabetic foot ulcers: a randomized, controlled,
double-blinded, multicenter trial of pexiganan cream.
Clin Infect Dis 47(12): 1637-45

Lipsky BA, Kuss M, Edmonds M et al (2012) Topical application
of a gentamicin-collagen sponge combined with
systemic antibiotic therapy for the treatment of diabetic
foot infections of moderate severity: a randomized,
controlled, multicenter clinical trial. J Am Podiatr Med
Assoc 102(3): 223-32

Lun DX, Li SY, Li NN et al (2024) Limitations and modifications
in the clinical application of calcium sulfate. Front Surg
11:1278421

Luo S, Jiang T, Yang Y et al (2016) Combination therapy with
vancomycin-loaded calcium sulfate and vancomycin-
loaded PMMA in the treatment of chronic osteomyelitis.
BMC Musculoskelet Disord 17(1): 502

Maale GE, Eager JJ, Mohammadi DK (2020) Elution
profiles of synthatic CasO4 hemihydrate beads loaded
with vancomycin and tobramycin. Eur J Drug Metab
Pharmacokinet 45(4): 547-55

Markakis K, Faris AR, Sharaf H et al (2018) Local antibiotic
delivery systems: current and future applications for
diabetic foot infections. Int J Low Extrem Wounds 17(1):
14-21

Mauricio D, Alonso N, Gratacds M (2020) Chronic diabetes
complications: The need to move beyond classical
concepts. Trends Endocrinol Metab 31(4): 287-95

Monika P, Chandraprabha MN, Rangarajan A et al (2022)
Challenges in healing wound: role of complementary and
alternative medicine. Front Nutr 8: 791899

Morley R, Lopez F, Webb F (2016) Calcium sulphate as a drug
delivery system in a deep diabetic foot infection. Foot
(Edinb) 27: 36-40

National Institute for Health and Care Excellence (2023)
Diabetic foot problems: prevention and management.
London: NICE. Available frp,: https://www.nice.org.uk/
guidance/ngi9/chapter/Recommendations#diabetic-
foot-infection (accessed 14.08.2024).

Reed EE, Johnston J, Severing J et al (2014). Nephrotoxicity
risk factors and intravenous vancomycin dosing
in the immediate postoperative period following
antibiotic-impregnated cement spacer placement. Ann
Pharmacother 48(8): 962-9

Singh N, Armstrong DG, Lipsky BA (2005) Preventing foot
ulcers in patients with diabetes. JAMA 293(2): 217-28

Tamma PD, Avdic E, Li DX et al (2017) Association of adverse
events with antibiotic use in hospitalized patients. JAMA
Intern Med 177(9): 1308-15

Tarar MY, Khalid A, Usman M et al (2021) Wound leakage
with the use of calcium sulphate beads in prosthetic joint
surgeries: a systematic review. Cureus 13(11): €19650

Turner TM, Urban RM, Hall DJ et al (2005) Local and systemic
levels of tobramycin delivered from calcium sulfate bone
graft substitute pellets. Clin Orthop Relat Res 437: 97-104

56

Wounds UK 2024 = Volume: 20 Issue: 4



