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Abstract: Calcium sulphate (CS) is currently used as a bioabsorbable, completely synthetic and
sterile material in the management of infected tissues and dead spaces (DS) mainly resulting from
surgical procedures. (1) Residual DS in the postoperative, may create an environment where
hematomas fill up and bacteria can proliferate, leading to a high incidence of postoperative
infections. Considering the available reviews in the literature, CS has been mainly studied in
orthopedic surgery mostly giving brilliant results and low complication rates. (2)(3) Nowadays,
orthopedists avail it in the form of pearls both as a bone void filler and as an “off-label” delivery
agent for antibiotics in arthroplasty, chronic osteomyelitis and open fractures, paving the way of its
application in many other contexts given its natural disposition to biodegradation. (1) (4) (5) In the
last years, CS beads have been gaining ground in the general, vascular and endocrinological surgical
specialties. Despite its clear potential and the increasing number of scientific evidences on the safety
and effectiveness of CS application in the prophylaxis and treatment of infections, there are not
many studies reporting on its application in fields other than orthopedics, with a substantial paucity
in plastic and reconstructive surgery literature. (2) This is somehow surprising, since reconstructive
surgery often deals with complex wounds secondary to bone and soft tissue exposure, suture
dehiscence, trauma, and surgical site infections. As far as we know this is the first updated
systematic review assessing the state of the art, indications and new perspectives on the application
of CS beads in plastic and reconstructive surgery.

Keywords: Calcium sulfate, Calcium sulphate, Calcium sulfate beads, Calcium sulphate beads,
Stimulan, Stimulan beads, Antibiotic beads, Calcium sulphate beads and Plastic Surgery

Introduction

Calcium sulphate (CS) is a bioabsorbable, high-purity, versatile, completely synthetic and sterile
material. It largely owes its reputation in the orthopaedic field as a bone filler, and more recently it is
gaining renown as a tool in the management of dead spaces and infected tissues when mixed with
lyophilised antibiotics. [3] First reported in 1892 by Dreesmann et al. who described a blend of
calcium sulphate and phenol as a filler in the treatment of eight patients with bone voids [6], it took
over half a century later for its safety to be proven. As a matter of fact, in 1961 Leonard Peltier et al.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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were the first to conclude that implanting calcium sulphate into bone or soft tissue did not cause a
foreign body reaction. Moreover, he demonstrated that CS promoted new bone formation when
periosteum or bone was present, finally proving the biodegradable nature of the materials. [6] In fact,
no substrate remains “in vivo” thus avoiding potential bacterial colonization or biofilm formation.
Therefore, no additional procedures are required for removal since the inserted material completely
dissolves over the course of 3 to 6 weeks in soft tissue, or 6 to 12 weeks into the bone. [7]

Calcium sulphate powder can be mixed with freeze-dried antibiotics to make beads of varying
diameters (3 to 6 mm), depending on the size of the dead space as a result of the surgical procedure.
Drug combinations most frequently involve the use of gentamicin, tobramycin and vancomycin
according to the underlying infection. [5] Once the mixture is obtained, it is modelled on the beads
mat during the operating session and then directly inserted into tissues in the form of pearls.

There are multiple studies in the literature reporting on the safety and advantages of using CS,
and it recently gained a role in the modern orthopedic practice as an alternative to
Polymethylmethacrylate (PMMA), that has been shown to reduce infection rates when filled with
antibiotics in the form of spacers or pellets as well, in the presence of infection, non-union or bone
loss. [1,8]

However, PMMA is non-absorbable and requires re-intervention to remove it, thus, it acts as a
potential foreign body for bacterial colonization. For this reason, the necessity of finding an
absorbable cement paved the way for the use of calcium sulphate, receiving increasing acceptance
for its exploitation. In this regard, in 2014, McConoughey et al. compared PMMA and calcium
sulphate as carriers for the local delivery of antibiotics to infected surgical sites, being the first to
demonstrate the safety of calcium sulphate beads and their comparable results to the PMMA beads
in inhibition of bacterial growth [9].

As this practice has increased, so has the understanding of the associated benefits and potential
complications. The most frequent side effects include transient hypercalcemia, wound drainage and
hetero-topic ossification (HO) [10,11]. Particularly, there has been a rising occurrence of seroma when
higher volumes of CS beads are used, especially in subcutaneous structures and in patients with
comorbidities such as diabetes and long- term steroid use, with rates of 4% to 51% of cases [12,13].

Despite the increasing number of reports and scientific evidence on the safety and effectiveness
of CS beads application in the prophylaxis and treatment of infections, there are not many studies on
its application in fields other than orthopedics [2].

Currently, the medical branches in which the use of calcium sulphate beads is gaining ground
are mainly general, vascular and endocrinological surgery, but there is still a paucity of data
evaluating its role in plastic and reconstructive surgery [14,15].

Optimal results are pursued by leveraging the evolution and application of innovative devices
and biomaterials as well as when the full set of multidisciplinary skills is available. In this regard, as
plastic surgeons we are often called upon to deal with complex wounds secondary to bone and soft
tissue exposure, suture dehiscence, trauma, and surgical site infections [16]. Standard practice
includes debridement of infected or dead tissue, while the coverage is achieved with vascularized
muscle or fascio-cutaneous flaps whenever vital structures are exposed [17-19]. Although several
interesting protocols have been proposed to handle these events, often treatment and eradication of
a complex infection remains a challenge for patients as well as physicians [20]. In fact, the presence
of critical structures or prostheses often precludes a complete removal of heavily colonized tissue and
adequate bioburden reduction. In such cases, calcium sulphate absorbable antibiotic beads may be
used with promising results just as in any other surgical field. As far as we know, this is the first
updated systematic review to focus the attention on the role of CS beads in the field of Plastic and
Reconstructive surgery.

Material and Methods
1. Eligibility Criteria

All studies concerning the use of CS beads or plates for the management of plastic surgery
procedures were eligible for the analysis. Articles concerning the handling of a surgical site infection
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were included in the study despite this scenario being commonly experienced by several medical
fields, but still frequent in plastic and reconstructive surgery. The other reviews analyzing the use of
CS for the management of procedures belonging to other specialist fields were not considered
eligible. To facilitate the eligibility of data, the PRISMA guidelines were adhered to throughout this
study. [13] Eventually, only articles written in English and in-vivo studies were included.

2. Research Strategy

Collections of case studies and scientific reviews were searched using the following Medical
Subject Headings (MeSH) keywords: “Calcium sulfate”, “Calcium sulphate”, “calcium sulfate
beads”, “calcium sulphate beads”, “Stimulan”, “Stimulan beads”, “Antibiotic beads”, “calcium
sulphate beads and Plastic Surgery”. The terms were searched in various combinations in order to
collect as many items as possible that might be eligible for the study. The websites where the research
was carried out were PubMed, Cochrane Library, Medicine plus, OpenAIRE and Medscape. Each
abstract from the search results was reviewed by two authors (AM and MM) for relevant papers. All
references cited in relevant articles were also checked for other studies not found during the initial
search. In duplicate cases only one review was considered.

3. Data Selection

The following variables were collected from the selected scientific literature, both open-access
and subscription-based articles: author, year of publication, study setting, journal, nationality, level
of impact, bead characteristics, outcomes measured (infection eradication, healing, healing time,
revision surgery, wound leakage, other complications), body district, minimum follow-up, age, sex,
underlying pathology, microorganisms detected, antibiotic regimen used.

Results

The PRISMA diagram illustrates the search strategy and research selection process applied for
this study (Figure 1). A review of the entire database yielded 721 titles. Based on these titles, 656 were
deemed suitable for abstract review once the 65 duplicate studies were removed. These 656 abstracts
were reviewed by two authors considering the inherent nature of plastic and reconstructive surgery,
sorting out 91 records from all the databases selected by this study. After applying the exclusion
criteria (3.1 Eligibility criteria) and using the NIH study Quality Assessment Tool for case series [21]
to assess paper quality, 8 reviews were deemed eligible for inclusion (Table 1).
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Figure 1. PRISMA flowchart. * The 5 journals of plastic and reconstructive surgery with the highest
impact factor according to Google Metrics were considered relevant to our study (“Plastic and
Reconstructive Surgery”; “Journal of Cosmetic Dermatology”; “Aesthetic Surgery Journal”; “Plastic and
Reconstructive surgery. Global Open”; “JPRAS Open”). In order to broaden the search, the following
journals were arbitrarily considered relevant due to similarity of scenarios shared by plastic surgery
and other surgical specialities: “Wounds”; “Wound repair and regeneration”; *Journal of Sexual Medicine”;

“The Journal of Foot & Ankle Surgery”; “The Diabetic Foot Journal”.

Table 1. The result of NIH Quality Assessment tool.

Criteria/author Trujillo Kenna Rami Khansa Nealon Morley Chadwick Ahmed
2017 [22] 2017 [23] 2017 [24] 2018 [25] 2019 [26] 2021 [27] 2022 [28] 2023 [29]

1. Was the study  YES YES YES YES YES YES YES YES

question or

objective clearly

stated?

2. Was the study NO YES YES YES NO YES YES NO

population clearly

and fully
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described,

including a case

definition?

3. Were the cases NO NO YES YES NO YES YES YES
consecutive?

4. Were the YES YES YES YES YES YES YES NO
subjects

comparable?

5. Was the NO YES YES YES YES YES YES YES
intervention

clearly described?

6. Were the YES YES YES YES YES YES YES NO
outcome measures

clearly defined,

valid, reliable, and

implemented

consistently

across all study

participants?

7. Was the length  YES YES YES YES NO YES YES YES
of follow-up

adequate?

8. Were the NO NO YES YES NO YES YES YES
statistical methods

well-described?

9. Were the results YES YES YES YES YES YES YES NO
well-described?

Quality Rating, > 7 FAIR GOOD GOOD GOOD FAIR GOOD GOOD FAIR
= Good, 5-6 = fair, <

4 = poor

Summary of Studies

8 articles [22-29] met the inclusion criteria (Table 2). The 8 studies were published between 2017
and 2023. These studies included a total amount of 513 patients excluding the group involved in one
systematic review. [28] All patients had a primary or a revision surgery followed by the implantation
of CS beads in the surgical wounds. The mean follow-up varied from 6 weeks up to 13 months. With
regard to the body districts considered, the following were involved: the hypopharynx, breasts, penis,
foot, and the ischium, sacral, trochanteric and head of the femur zones. The male: female ratio has
been reported in 5 papers. The most commonly used antibiotic mixes were vancomycin — tobramycin
and vancomycin — gentamicin. Only three studies reported the size of the involved CS beads: Khansa
[25], 4.8 mm of diameter; Morley [27], 5 cm? of volume and Ahmed [29], 3-6 mm of diameter. 4 of 7
reviews were considered impact level I1I, or therapeutic level. A wide spectrum of bacteria was found
in the several samplings carried out in the studies, the most common were Staphylococcus aureus,
Streptococcus, Pseudomonas, Acinetobacter, Pseudomonas and Escherichia coli. Using the United States
National Institute of Health (NIH) Quality Assessment Tool for case series studies [21], 5 studies
(Kenna [23], Rami [24], Khansa [25], Morley [27] and Chadwick [28] were rated as a “Good” quality
and 3 studies (Trujillo [22], Nealon [26] and Ahmed [29] at a “Fair” quality rating (Table 1). Trujillo
[22] used CS beads in the management of a skin fistula after laryngopharyngectomy due to squamous
cell carcinoma, Kenna[23] and Rami [24] both involved CS beads in breast reconstruction for the first
time, the former with an expander, the latter with a prosthesis. Recently, Ahmed [29] proposed
calcium sulphate beads as prophylactic practice in high risk — implant based prepectoral breast
reconstruction. Khansa [25] involved calcium sulphate beads in the treatment of stage IV pressure
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ulcers and Nealon [26] used it in two cases of recurrent scrotal pocket infection after inflatable penile
prosthesis implant. Lastly, Morley [27] and Chadwick [28] treated it in the context of complex foot
wound management in patients with diabetes and/or peripheral arterial diseases.
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Table 2. Review description. CSB: Calcium sulphate beads. PAD: Peripheral artery disease.

Author  Yearof  Study setting Journal Patients Level of Body district Bacterial Beads brand  Beads Antibiotic Outcome Follow Age Underlying
pubblication involved impact samplings diameter regimen up pathology
Trujillo 2017 Case study Wounds 1 male I Hypopharynx Methicillin- Stimulan, Unknown Unknown Wound remained healed 13 55y.0.  Skin fistula after
etal resistant Biocomposites without evidence of  months laryngopharyn-
Staphylococcus  Lid., Keele, breakdown or fistula after gectomy due to
aureus and UK CSB and pectoralis flap squamous cell
Serratia coverage carcinoma
Kenna et 2017 Retrospective  Journal of 127 females i Breast Pseudomonas, Stimulan;  Unknown 500 mg of Rate of tissue expander 6 wecks 51 y.o. Breast
al. analysis Plastic, (Therapeutic) Staphylococcus  Biocomposites, vancomycin and loss caused by infection (Median age) reconstruction
Reconstructive aureus Wilmington, 240 mg of was 11.9% in the with expander
& Acsthetic N.C. gentamicin  preintervention group (No adding CSB in
Surgery CSB) and 1.5% in the submuscular
postintervention group pocket
Rami et 2017 Retrospective  Journal of 12 females 111 Breast Staphylococcus  Stimulan,  Unknown | g vancomycin  One-step immediate  Average 51.3y.0. Implant-based
al. analysis Plastic, (Therapeutic) epidermidis, Biocomposites, and 1.2 g salvage was successful in  of 10.6 (Median age) breast
Reconstructive Staphylococcus USA tobramycin 9 out of the 12 patients  months reconstruction
& Aesthetic aureus, with a success rate of after cancer
Surgery Enterobacter, 75%
yeast, and
Rhodococcus
Khansaet 2018 Retrospective Wound repair 86 (unknown I Ischium, sacral and Staphylococcus,  Stimulan, 4.8mm lgof vancomycin Reduced recurrence of | year Unknnown Stage IV
al. analysis and ratio) (Therapeutic) trochanteric zone, Streptococcus, Biocomposites and 300mg of ulcer, dehiscence, seroma Pressure ulcers
regencration, head of the femur  Pseudomonas,  Ltd., Keele, tobramycin  and cellulitis at | year in
Acinetobacter and UK the CSB group, rather
Escherichia than the control group
Nealon et 2019 Case study Journal of 2 males 1 Penis Unknown Stimulan, Unknown Igof Both the penile prosthesis 4 months  Unknown Recurrent scrotal
al. Sexual Biocomposites Vancomycin, were salvaged with CSB pocket infection
Medicine, Lid., Keele, 80mg placement in the scrotum after inflatable
UK Tobramycin  pocket without recurrent

penile prosthesis
infection
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Morley et 2021 Retrospective The Journal of 137 (85.4% 1 Foot Unknown Stimulan 5cm’ lgof After surgical 6weeks  60.7y.0. Complex foot
al. Cohort Study Foot & Ankle males and 20 (Therapeutic) Rapid Cure, Vancomycin in  debridement and CSB, (Median age)  infections
Surgery  14.6% female) Biocomposite, powder and 3 88.3% of infections involving bone
Kecle, UK ml/120 mg of resolved. About 82.5% of and soft tissuc in
Gentamicin in wounds healed patients with
liquid diabetes and
PAD
Chadwick 2022 Systemtic The Diabetic  Unknown Unknown Foot Variable Stimulan, Variable  Tobramycin or The use of CSB in Variable Unknown  Foot diabetic
et al. review Foot Journal depending on the Biocomposites depending  Gentamicin conjunction with the depending ulcers
study Ltd., Keele, on the study (unknown systemic antibiotics may on the
UK quantity) be of benefit, particularly  study
when osteomyelitis is
suspected or diagnosed
Ahmed et 2023 Retrospective  PRS Global 148 females  Unknown Breast Unknown Stimulan, 3-6 mm lgof Surgical site infection 90 days 46.33yo.  Prophilactic
al. review Open Biocomposites Vancomycin in occurred in 3,2% of cases (Median age) CSB for high
L., Keele, powder and 240 in CSB group rather than risk implant
UK mg of liquid  7,6% in the control group, based
Gentamicin but this did not reach prepectoral

statistical significance reconstruction
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Discussion

According to this review, the considered authors have reported promising results with the use
of CS beads in multiple conditions related to the discipline of plastic and reconstructive surgery.
Trujillo et al. [22] concluded that the addition of antibiotic-loaded CS beads in a prophylaxis regimen
seems to improve the outcomes of soft tissue surgical site infections in the management of complex
wounds, with a 10,56% re-operation rate. In their study, each patient received CS beads during
orthopedic, breast, thoracic, and vascular graft surgeries depending on their respective categories.
Although the average age, gender, comorbidities, and characteristics of the beads used were not
mentioned, of a total of 142 patients treated at two different hospital facilities with the same
prophylaxis protocol, only 15 needed re-intervention at 30 days after CS implantation, demonstrating
how local antibiotic delivery can dramatically decrease the persistence rate of surgical site infections.
As evidence of this, they reported a case study in which CS beads were used in a single male patient
with a history of T2N1 (Stage IIb) squamous cell carcinoma of the hypopharynx undergoing
chemoradiation therapy and laryngopharyngectomy. A persistent fistula occurred; therefore,
coverage with a chest perforator flap was required to manage the progressive loss of substance. As
the reconstruction went into partial necrosis, another operation with debridement, CS beads implant
and a skin-covered pectoralis muscle flap was performed. At 13-months follow-up, the wound
remained healed without evidence of breakdown or fistula.

The objective of promoting further protocols involving CS beads in the management of complex
surgical wounds was shared by Morley et al. [27] (2021) and Chadwick et al. [28] (2022). Their purpose
was to investigate whether surgical debridement and implantation of antibiotic loaded calcium
sulphate was effective in the resolution of foot infection and wound healing. Morley et al. [27] in a
double-center cohort study retrospectively reviewed the use of calcium sulphate beads impregnated
with gentamicin and vancomycin on the foot ulcers of 137 individuals with osteomyelitis (n=127) or
significant soft tissue infection (n=10) following surgical debridement. [28] In 137 cases, 88.3% of
infections were resolved, with 22 patients not-requiring postoperative systemic antibiotics. About
82.5% of wounds healed, with a mean healing time of 11.3 weeks. Recovery time was significantly
prolonged in patients with diabetes and peripheral artery disease (p = < 0.05) and long-term
postoperative systemic antibiotics were required. The only adverse effect observed was that the
resolution of CS beads caused skin maceration in some cases to varying degrees which may have
affected healing times. However, Khansa et al. [25] found that overall complication rates between
patients packed with CS and those that were not, appeared similar (43.8% vs 51.9%, p = .54) in 120
stage IV pressure ulcers involving various districts of the lower limbs.

Although these rates are almost comparable, the benefits of using calcium sulphate beads in
sacral, trochanteric, ischium, and femoral head ulcers were significant. They drastically reduced the
wound re-occurrence rate at 1 year after excision, CS beads application and flap coverage. In the CS
group, the rates were 12.5%, compared to 39.4% in the non-CS group. The rates of dehiscence were
18.8% versus 10.6%, seroma 12.5% versus 0%, and cellulitis 0% versus 1.9%. Through the use of a
scanning electron microscope (SEM), they suggested that surgical procedure alone, even if performed
widely and demolishingly, may not eliminate biofilm. A biofilm is a community of bacteria enclosed
in a self- produced polymeric matrix and adherent to a surface. [30] Infections associated with
biofilms are highly resistant to traditional antimicrobial therapy, as the matrix protects the bacteria
from antibiotics and the host defenses. [30] Moreover, it was observed that conventional bacterial
culture techniques are inadequate to diagnose bacterial biofilm infection, since 6 patients had SEM
evidence of biofilm infection but only 1 of those 6 patients had positive wound cultures. In the light
of this evidence, they concluded that antibiotic beads in conjunction with debridement may have
utility in the eradication and healing of ulcered wounds. [25]

Chadwick et al. [28] similarly supported the use of loaded calcium sulphate beads for treating
infected foot ulcers in diabetic individuals. Their aim was to offer physicians a clear clinical pathway
for safely and effectively using loaded CS beads in treatment. Their shrewd guideline consists of 4
steps: First, assess the suitability for calcium sulphate beads, paying particular attention to the
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vascular status of the lower limbs and wound assessment. Next, prescribe and apply CS beads,
possibly after conducting surgical debridement. Finally, monitor the application of calcium sulphate
beads based on wound progression and infection status.

Furthermore, they proposed a recommendation to prevent the increase in exudate, representing
the main side-effect of using CS beads reported in literature. In 2021, Patel et al. [31] suggested
reducing the number of beads applied to the wound, whereas Chadwick et al. [28] assessed that it is
generally not recommended due to the increased risk of beads detaching from the injury bed. The
risk of maceration in the wound perimeter should not preclude the use of CS beads given the several
products available to prevent this and effectively manage exudate, i.e,, a non-adhesive silicone
transparent dressing.

The use of CS beads has been described in the urological-reconstructive field for the first time
by Nealon et al. [26], presenting two cases in which the use of antibiotic beads in the scrotum allowed
prosthesis salvage. In one case, an inflatable penile prosthesis (IPP) was explanted and replaced with
a semi-rigid penile prosthesis (SRPP) and calcium sulphate beads were inserted to prevent recurrence
of infection. In the second case, a patient with complications who had previously undergone SRPP
due to infection had recurrent scrotal infections and recovered with beads placement in the scrotal
pocket. Although the brief review lacks statistical data, beads featuring description and personal
comorbidities history references of the two patients involved, they reported that both patients
prevailed post operatively without recurrent infection.

Rami et al. [24], Kenna et al. [23] and Ahmed et al. [29] analyzed the effectiveness of antibiotic
loaded CS beads in breast surgery, respectively involving CS beads in breast reconstruction with only
implants [24], tissue expanders [23], and both [29].

Postoperative infection is a significant concern with this procedure. It can range from mild
complications that need only a short course of antibiotics to more severe infections leading to the loss
of the expander. Rami et al. [24] were the first to present a single-center case series demonstrating the
use of CS beads infused with vancomycin and tobramyecin.

Patients with breast implant infections underwent a treatment process that included the removal
of the prostheses, debridement, partial capsulectomy, implantation of CS beads, and immediate
implant replacement. This approach aimed to maximize the salvage rate of the infected prostheses
and minimize the use of intravenous antibiotics, which could increase morbidity. This study
demonstrated that the one-step immediate salvage was successful in 9 out of the twelve patients, with
an attainment rate of 75%, higher than most other conservative attempts at implant salvage.
Moreover, it is declared that the remaining 25% of unsaved implants is represented by exceptionally
complicated situations: a lost follow-up, a failure due to insufficient soft tissue coverage secondary
to radiation treatment, and the occurrence of an atypical infection with antibiotic-resistant
Rhodococcus. In this view, Rami et al. [24] suggested how a not-specific target drug regimen could
represent a limitation in the treatment of bacterial infections, thus, the future use of the CS beads in
multiple plastic and reconstructive surgery scenario (such as orthoplastic, oncoplastic, post-traumatic
reconstructions, microsurgery, breast reconstruction, complicated wound healing surgical
management etc...) could benefit from tailoring the drug therapy on the specific antibiogram
evidence.

Promising comparable outcomes have been evidenced by Kenna et al. [23] In a retrospective
study, they demonstrated how adding calcium sulphate pearls loaded with vancomycin and
gentamicin in the submuscular pocket during tissue expander breast reconstruction could reduce the
risk of periprosthetic implant infection necessitating implant removal. Out of 127 breast
reconstructions with TE covered by an acellular dermal matrix, 68 adhered to such an “off-label”
prophylactic protocol, while the remaining 59 only washed with chlorhexidine several days before
surgery and received intravenous antibiotics in the post-surgery time.

The rate of TE loss due to infection was 1.5% in the cluster using CS beads (p=0.02) and 11.9% in
the cluster not using it, considering as an “infection” at least one of the following criteria: purulent
drainage, spontaneous dehiscence of the surgical incision with positive bacterial swabs, evidence of
abscess, or diagnosis by the surgeon of a deep infection occurring up to 1 year postoperatively. [32,33]
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The demonstrated efficacy in reducing the rate of implant removal is due to the ability of CS
beads to attack biofilm, which is involved in resistant infections [34] and capsular contracture [35,36]
and has recently been studied in relation to implant associated anaplastic large cell lymphoma [37].
In this regard, Howlin RP et al. [38] published a study finding that high concentrations of an antibiotic
released from calcium sulphate significantly reduced biofilm formation over several days.

More recently, Ahmed et al. [29] proposed calcium sulphate beads as prophylactic practice in
high risk —implant based prepectoral breast reconstruction in a retrospective review. Indeed, several
strategies are employed to tackle the challenge of breast implant infection. These include antibiotic
irrigation and the “no-touch” technique in implant positioning, especially in high-risk patients.
[39,40] In this study antibiotic loaded calcium sulphate beads were placed behind the implant over
the pectoralis major muscle and anterior to the prosthetic between the subcutaneous adipose layer
and the implant itself. Surgical site infection or implant-loss in high-risk patients receiving
prophylactic antibiotic loaded calcium sulfate beads during implant-based pre-pectoral
reconstruction occurred in 3,2% compared with the 7,6% in the control group. However, this did not
reach enough statistical significance.

Conclusion

To our knowledge, this systematic review represents the first comprehensive analysis
documenting the utilization of antibiotic-loaded calcium sulphate beads in managing all cases
reported in the literature within the field of plastic and reconstructive surgery. Further trials and long
term data are needed to fully determine the impact of these beads in such different and variable
setting and target of patients. However, their effectiveness and safety are supported by the above-
mentioned scientific evidence and antibiotic impregnated calcium sulphate beads could significantly
reduce patient morbidity and improve outcomes also in well-thought-out clinical complex cases
usually managed by plastic and reconstructive surgeons. Furthermore, additional research is needed
to verify whether this method of administration can improve the healing rate of complex wounds
and prevent infection in a prophylactic regimen, potentially reducing the need for systemic
antibiotics in terms of dosage and duration of treatment.

Conflicts of interest: The authors declare that they have no conflict of interest.
Financial Disclosure Statement: This research received no external funding.
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Informed Consent Statement: Not applicable.

Ilustrations attached: 1 video (0:48 min).

Caption of the video attached: 50-year-old female patient with history of neurological bladder disease
undergoing bladder stimulator electrode insertion surgery, after which a local infection that expanded to the
soft tissues of her left hip was developed. Despite massive antibiotic therapy based on antibiogram performed
on local subcutaneous discharge, the infection did not resolve so a surgical toilet of the affected site was required.
The beneficial effect of the lavage was implemented with site insertion of calcium sulphate beads loaded with
daptomycin (indicated as effective by antibiogram) during the same operative session, allowing local delivery
of antibiotic that assisted in the progressive resolution of the infection.
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