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Background: Management of orthopedic implant-related infections is complicated by bacterial biofilms,
which provide a protective environment against host immune responses and systemic antimicrobial
agents. Standard systemic therapy often fails to reach the minimum biofilm eradication concentration
(MBEC), necessitating local delivery strategies to address periprosthetic joint infections, fracture-related

infections, and osteomyelitis.

Objective: This article evaluates the methodology, clinical applications, and current evidence regarding
continuous local antibiotic perfusion (CLAP) as a technique for delivering high-concentration

antimicrobials to infected orthopedic sites.

Key Points: CLAP utilizes low-flow antibiotic infusion into intramedullary (iMAP), soft tissue (iSAP), or
intra-articular (iJAP) compartments combined with negative pressure wound therapy (NPWT). This dual-
action system facilitates continuous drainage of exudates while maintaining high local drug concentrations
targeting the MBEC. Clinical data indicate high rates of implant retention and bone union in fracture-
related infections and successful outcomes in spinal surgical site infections and fungal periprosthetic joint
infections. Despite these results, challenges remain regarding the standardization of infusion protocols,
potential bone toxicity from high-concentration aminoglycosides, and the risk of renal impairment.

Current evidence is primarily limited to retrospective cohorts and case series.

Conclusion: CLAP represents a specialized local delivery strategy that may allow for implant preservation
in refractory orthopedic infections. While initial clinical outcomes are favorable, prospective trials are
required to establish standardized dosing, safety benchmarks, and definitive indications for its application

in musculoskeletal infection management.
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One of the major challenges in treating orthopedic implant-related infections is the formation of bacterial
biofilms, which significantly contribute to treatment resistance. Although systemic administration of antibiotics is
the standard approach to managing bacterial infections, biofilms formed at the site of infection are known to
protect bacteria from immune cells and confer high levels of resistance to antibiotics [1]. As a result, systemic

antibiotics often fail to achieve therapeutic efficacy in periprosthetic joint infections (PJI).

The commonly used indicator for antibiotic effectiveness, the minimum inhibitory concentration (MIC), is not
clinically meaningful in the context of biofilm-associated infections [1],[2]. This is because MIC represents the
lowest concentration of antibiotics required to inhibit the growth of planktonic (free-floating) bacteria [2]. In
contrast, to assess the efficacy of antibiotics against biofilms, the minimum biofilm eradication concentration

(MBEC) must be considered. MBEC values are reported to be tens to hundreds of times higher than the MIC [3].

Achieving MBEC through systemic antibiotic administration is extremely difficult. Therefore, in many cases of
implant-related infections, in addition to surgical debridement and irrigation, local administration of antiseptics
or high-concentration antibiotics is required. Traditionally, antibiotic-loaded spacers, such as those made from
bone cement, have been used to deliver high concentrations of antibiotics locally [2]. More recently, intra-articular
catheters [4],[5], intramedullary antibiotic infusion [6], and resorbable antibiotic gels [7],[8] applied around
implants have shown promise in enhancing local antibiotic delivery. Continuous local antibiotic perfusion
(CLAP) , a technique developed primarily in Japan, has been increasingly reported as an effective technique for
managing implant-associated infections. CLAP is a technique that enables the perfusion of high-concentration
antibiotics directly at the site of infection. Since its first report in treating implant-related infections following
trauma surgery, CLAP has been applied across various fields of orthopedic infections with promising outcomes
[a],[10],[11],[12],[13],[14]. A key feature of CLAP is the simultaneous use of low-flow antibiotic infusion into the
infected site and negative pressure wound therapy (NPWT), which facilitates continuous drainage of hematomas
and exudates after surgery. This approach allows antibiotics to circulate without stagnation within the infected
area. Conventional antibiotic irrigation methods often relied on high-flow systems, which led to leakage from the
surgical wound and made postoperative wound management challenging. In contrast, CLAP uses low-flow
perfusion combined with sustained negative pressure drainage via NPWT, resulting in improved wound control
and stability (Figure 1). In Japan, the Salem Sump tube—a double-lumen catheter originally developed for gastric
lavage—is most commonly used for antibiotic perfusion and hematoma drainage in CLAP procedures. However,
it is important to note that this device is not originally intended for use in joints or soft tissues. Therefore, its off-

label application in such cases requires institutional approval and informed consent from the patient.
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Figure 1

BASIC PRINCIPLES AND METHODOLOGY OF CLAP

Continuous Local Antibiotic Perfusion (CLAP) is a therapeutic technique designed to deliver high concentrations
of antibiotics locally, targeting the MBEC. This method involves low-flow antibiotic perfusion into the
intramedullary canal (intra-Medullary Antibiotics Perfusion: iMAP), soft tissue (intra-Soft tissue Antibiotics
Perfusion: iSAP), or joint space (intra-Joint Antibiotics Perfusion: iJAP)(Table 1). By connecting a continuous
negative pressure device to the iJAP or iSAP tube, sustained drainage is achieved at the infected site or within the

joint, creating a negative pressure gradient that facilitates directed antibiotic perfusion (Figure 1).

iMAP Pin A bone marrow needle that is inserted into the infected bone to deliver high-concentration antibiotics directly into
the intramedullary space.
iSAP tube A double-lumen drain that is placed within the soft tissue infection site, allowing simultaneous high-concentration
antibiotic delivery and drainage.
JAP tube A double-lumen drain is placed intra-articularly to enable continuous antibiotic perfusion along with drainage from
the joint cavity.
NPWT NPWT provides continuous suction and drainage from the infected area by connecting to the iSAP or iJAP tubes.
Svringe Pum Used to continuously deliver high-concentration antibiotics such as gentamicin (typically at 1200 mg/mL) at a low
yring P infusion rate (e.g., 2 mL/hr)

Table 1: Ttems used for CLAP iMAP: Intra-Medullary Antibiotics Perfusion, iSAP: Intra-Soft tissue Antibiotics
Perfusion, iJAP: Intra-Joint Antibiotics Perfusion, NPWT: Negative Pressure Wound Therapy

For the appropriate use of CLAP, preoperative and intraoperative evaluation of the infection site is crucial.
Preoperative imaging, including CT, MRI, and nuclear medicine studies, should be used to identify abscess
formation, the extent of osteomyelitis, and other relevant findings. During surgery, it is important to assess for
the presence of subcutaneous pockets and delineate the extent of dead space. During debridement, care should be
taken to preserve as much healthy tissue as possible, and anatomical reconstruction of the soft tissue should be
performed at wound closure to ensure effective perfusion with CLAP. Postoperatively, the CLAP system should be
monitored daily. Based on intraoperative assessment, daily flushing of the antibiotic perfusion system should be

performed as needed.
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In recent years, CLAP has attracted increasing attention as a novel treatment strategy for refractory infections in
the field of orthopedic surgery. This approach enables the continuous local delivery of high-concentration
antibiotics to infected sites, including those with biofilm formation, such as implant-associated infections,
osteomyelitis, and deep soft tissue infections. By doing so, CLAP aims to achieve the Minimum Biofilm
Eradication Concentration (MBEC), a therapeutic threshold that is difficult to attain with systemic antibiotic

administration alone.

Published reports on CLAP span a wide range of clinical scenarios, including fracture-related infections (FRI),
periprosthetic joint infections (PJI), postoperative spinal infections, necrotizing fasciitis, pediatric Brodie
abscesses, and infections following frozen bone grafts. The technique has been applied in both acute and chronic
infections, as well as in bacterial and fungal infections, including those caused by multidrug-resistant organisms
such as MRSA. Many studies emphasize the preservation of implants, even in cases where implant removal or
revision surgery would have been considered necessary under conventional treatment approaches. Favorable
clinical outcomes have also been reported in retrospective cohort studies on chronic osteomyelitis, multicenter

studies on postoperative spinal infections, and fungal PJIs.

The application of Continuous Local Antibiotic Perfusion (CLAP) for fracture-related infections (FRI) has gained
momentum as a treatment strategy aimed at achieving both bone union and implant retention. Particularly in
diaphyseal infections and nonunions—common and challenging scenarios—CLAP has shown promising results.
Maruo et al. reported a bone union rate of 95% and an implant retention rate of 88% using iMAP for early FRI,
demonstrating its effectiveness in avoiding reoperations [12]. Furthermore, Sawauchi et al. described successful
healing of a tibial nonunion using a combination of CLAP and bone grafting [15]. In the treatment of
periprosthetic joint infections (PJI), CLAP has been increasingly adopted as an adjunct to the Debridement,
Antibiotics, and Implant Retention (DAIR) procedure, including for fungal infections [9],[14]. Choe et al. were the
first to report the successful use of CLAP in combination with antifungal therapy for fungal PJI, suggesting its
potential in infection control and implant preservation [g],[14],[16],[17],[18],[19]. Additional reports include Zenk
et al., who demonstrated the utility of CLAP combined with DAIR in chronic TKA PJI [g],[14],[20].

CLAP has also drawn attention as a treatment option for surgical site infections (SSI) following spinal
instrumentation surgery [21],[13]. It has shown high rates of implant retention and reduced need for reoperation,
with early intervention identified as a key factor for success. Takahashi et al. reported that CLAP enabled implant
preservation and demonstrated its effectiveness as an initial treatment strategy. A multicenter retrospective study

further confirmed an 82% infection control rate, highlighting early introduction as a predictor of success [13].

Efficacy of CLAP has been demonsotrated in several case reports including refractory spondylitis [22], post-open
fracture infections [23] and chronic osteomyelitis [24], necrotizing fasciitis [25], gas-forming vertebral
osteomyelitis [26], frozen bone autograft infection [27], and Brodie’s abscess in pediatric patients [28], confirming

its flexibility and scalability as a strategy for localized infection control.

As indications for CLAP continue to expand, evaluating its safety—particularly regarding bone toxicity and renal
function of high concentration gentamycin—has become an urgent priority. Yamamoto et al. conducted in vitro
assessments of the cytotoxic effects of high-concentration antibiotics on osteocytes [29], while Fujihara et al.
investigated risk factors for renal impairment during CLAP therapy [30]. These studies represent ongoing efforts

to establish safety benchmarks through both basic and clinical research. Furthermore, with the accumulation of
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Japanese case reports and review articles, international dissemination of knowledge on CLAP is beginning to

emerge.

Despite the promising results of CLAP in treating orthopedic infections, several limitations and challenges
remain. First, there is currently a lack of standardized protocols regarding antibiotic selection, dosage, duration of
administration, and infusion rate. In addition, the use of CLAP requires close monitoring of renal function and
serum antibiotic concentrations to ensure patient safety. The placement of iMAP pins or iSAP/iJAP catheters
demands careful preoperative planning and a high level of technical expertise, along with sufficient knowledge of
CLAP itself. Most importantly, the current evidence supporting CLAP is primarily based on retrospective studies,
and randomized controlled trials have yet to be conducted. Therefore, future research should focus on
establishing a consensus on appropriate antibiotic agents, optimal concentrations, treatment duration, and clear

indications for implant retention.

In summary, CLAP represents a promising therapeutic option for managing refractory orthopedic infections. It
offers several advantages, including implant retention, targeted local therapy with reduced systemic toxicity,
continues drainages. However, most of the current evidence is based on case reports and retrospective studies.
Future challenges include the need for prospective clinical trials, standardization of treatment protocols, and

long-term safety assessments.
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