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In cases of open fracture, it is important to fully evaluate the 
condition, comprehensively understand the trauma, and 

formulate a treatment plan based on the evaluation. One of the 
most important factors is the control of wound infection. Strict 
infection control is considered necessary because many open 
fractures acquire bacteria after trauma [1]. Previously, bone 
cement containing antimicrobial agents, antibiotic-eluting 
ceramic bone substitutes, and coated nails have been used to treat 
fracture-related infection (FRI); however, their therapeutic 
effect is limited, with a recurrence rate of approximately 12% to 

An open fracture is generally defined as a soft-tissue injury with a 
fracture, where there is a connection between the fracture site 
and the outside. The pathogenesis of open fractures is composed 
of four elements: Fracture, soft-tissue injury, neurovascular 
injury, and wound infection.
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Conclusion: CLAP may be a novel treatment method that can be expected to achieve bone healing while preserving the implant in FRI cases 
after open tibial fracture.

Introduction: We encountered a case of post-operative infection of an open tibial fracture that was controlled by continuous local antibiotic 
perfusion (CLAP), a novel method of fracture-related infection (FRI) that we have developed. CLAP is a procedure in which a bone marrow 
needle and a double lumen tube are placed in the infected area, and an appropriate concentration of antimicrobial agent is continuously 
administered and perfused.
Case Report: The patient was a 78-year-old woman. She was hit by a motor vehicle and fell to the farmyard floor. She suffered multiple traumas, 
including a lower leg open fracture, multiple rib fractures, clavicle fracture, pelvic fracture, mandibular fracture, and liver injury. Her tibial fracture 
was a Gustilo-Anderson type IIIA open fracture. After debridement and external fixation of the tibial open fracture on the same day, open 
reduction and internal fixation with an intramedullary nail was performed 3 days after the injury. Twelve days after the injury, local heat and 
redness were observed at the nail insertion wound and the posteromedial calf, and a purulent clot was discharged from the open wound. We 
performed curettage of the lesion and retained the implant. CLAP was then constructed to perfuse local antibiotics along the nail and large 
hematoma area. Locally, the inflammation improved and the inflammatory response became negative 3 weeks after the initiation of CLAP. Six 
months after surgery, bony union was achieved. At present, 3.5 years after the internal operation, there is no sign of infection, and the patient has 
returned to her pre-injury life with no abnormalities in motor function.
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chronic infection [2]. In our hospital, difficult-to-treat FRI and 
soft-tissue infections have been treated using continuous local 
antibiotic perfusion (CLAP), in which antibiotics are 
continuously circulated throughout the infected lesion. We 
addressed the treatment for FRI by “intra-medullary antibiotic 
perfusion” (iMAP) and for soft-tissue infection by “intra-soft 
tissue antibiotic perfusion” (iSAP); some cases are treated with 
a combination of both. In this study, we report a case of acute 
infection in an elderly patient with an open fracture of the lower 
leg treated with CLAP, which resulted in bone healing while 
preserving the implant.

A 78-year-old woman was injured in a traffic accident while 
riding a motorcycle and thrown to the farmyard floor. The 
patient was transported to our hospital by helicopter. On arrival 
at the hospital, she was conscious and her vital signs were 
maintained. Fractures of AO classification 42B2 and 4FB2 were 
observed on the left lower leg and a Gustilo-Anderson 
classification Type IIIA open fracture was observed on the 
posteromedial surface of the lower leg (Fig. 1, 2). She also 
suffered multiple traumas, including multiple rib fractures, 
clavicle fracture, pelvic wing fracture, and liver injury, which 
were treated conservatively. An operation on the mandibular 
fracture was performed later.

On the same day of the injury, debridement and external 
fixation for the tibial open fracture were performed in the 
operating room (Fig. 3). Three days after the injury, internal 
fixation with intramedullary nails was performed (Fig. 4). 
Twelve days after the injury, local heat and pus discharge from 
the wound were observed, and Aeromonas hydrophila was 
detected in the wound culture examination. Redness and 
swelling were observed at the nail insertion wound and 
throughout the posteromedial part of the lower leg (Fig. 5), 
suggesting that the infection had spread along the whole nail, 
resulting in a large subcutaneous hematoma on the calf. In 
addition, an increased white blood cell count and C-reactive 
protein levels were recognized in the blood examination, which 
matched the major and minor criteria of FRI [3].

Case Report

Curettage of the infected lesion and CLAP was initiated (Fig. 5, 
6). Bone marrow needles (Senko Medical, Tokyo, Japan) with a 
diameter of 3 mm as an iMAP pin were percutaneously inserted 
at the proximal end of the nail and distal part of the fracture site. 
Both iMAPs confirmed that fluid flow was obser ved 
throughout the fracture gap allowing intensive washout along 
the nail. Using this method, intramedullary contaminated 
bacteria were eliminated during surgery and the antibiotic 
solution was perfused postoperatively, instead of hematoma 
pooling along the nail for recurrent risk of infection. A 22Fr 
double-lumen tube (Salem sump tube: Coviden Japan) as an 
iSAP tube was placed from the proximal end of the hematoma 
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Figure 1: Photograph just after the injury. A Gustilo-Anderson 
Type IIIA open fracture was observed in her left lower leg.

Figure 2: X-rays at the time of injury. Diaphyseal fractures of the 
tibia and fibula were observed. (a) anteroposterior view and (b) 
lateral view.

Figure 3: X-rays after external fixation. (a) anteroposterior view 
and (b) lateral view.

Figure 4: X-rays after intramedullary nailing. (a) anteroposterior view 
and (b) lateral view.

Figure 5: Photographs after the onset of infection. Redness and 
swelling were observed at the nail insertion wound and 
throughout the posteromedial part of the lower leg. (a) 
anteroposterior view and (b) lateral view, (c) Photograph of 
continuous local antibiotic perfusion. Two bone marrow 
needles and one double lumen tube are placed around the 
infected area.

Figure 6: Post-continuous local antibiotic perfusion X-rays. 
Bone marrow needles are placed near the intramedullary nail 
and a double lumen tube is placed around the fracture site. 
Gentamicin is injected from three in-routes and negative 
pressure is applied by negative pressure wound therapy from 
two out-routes to perfuse the antibiotic. (a) anteroposterior 
view and (b) lateral view.



The risk of infection increases with the severity of the fracture, 
and in patients with Gustilo and Anderson Type IIIB and IIIC 
fractures, the infection rate was reported to be more than 31% in 
patients who received systemic antibiotics alone, but improved 
to less than 9% when antibiotic-containing coated nails were 
used in combination with systemic antibiotics [6]. This 
suggests that systemic antibiotic administration and local 
antibiotic administration are important in preventing post-
operative infection in open fractures. Therefore, implant 
removal is required to eradicate biofilms; however, implant 
removal leads to disadvantages for infection control as it results 
in a large dead space to grow bacteria, instability of the fracture 
site, and a disrupted blood supply to the segmental bone. 
Implant retention and biofilm eradication are essential to cure 
FRI and local antibiotic administration plays a key role in the 
treatment.
In a meta-analysis of patients with open tibial fractures, those 
who received systemic antibiotics in the perioperative period 
had an infection rate of 14.4% while those who received local 
antibiotics using antibiotic-coated nails in combination with 
systemic antibiotics had a reduced infection rate of 2.4% with an 
odds ratio of 0.17. Local antibiotic administration methods 
include antibiotic-impregnated cements,  antibiotic-
impregnated ceramics, and antibiotic-coated implants [7, 8]. 
However, these methods of antibiotic administration have been 

According to the trough value of gentamicin (1.0 mg/ml), we 
applied a protocol in which the upper limit of the blood 
concentration of gentamicin was set at 1.0 mg/dl, and the 
administration dose was decreased if the blood concentration 
exceeded the upper limit. In this case, the blood concentration 
of gentamicin was 1.8 mg/ml on the 7th day after beginning 
CLAP, so the three in-routes were changed to 600 μg/ml. The 
blood concentration of gentamicin dropped to the safe level at 
the next blood examination and was maintained until 
termination of CLAP. The local concentration of gentamicin 
was monitored by collecting fluid using NPW T. The 
gentamicin concentration was maintained at more than 600 
μg/ml to confirm that a sufficient dose was distributed in the 
infected area.

The treatment principle for open fractures is debridement of 
the necrotic and infected tissues, followed by bone stabilization 
and soft-tissue reconstruction [4].

ea to the fracture site and the fluid flow from the iMAP pin was 
aspirated by this tube. Therefore, CLAP systems were 
constructed in the water stream for the entire infection area, 
including inside the tibia and affected soft tissue. Immediately, 
after surgery, 1200 μg/ml gentamicin was administered at 2 
ml/h through three routes (two needles and the in-route of 
double-lumen tube). Negative pressure wound therapy 
(NPWT) was applied to the subcutaneous dead space area to 
prevent pooling hematoma and to connect the out-route of the 
double-lumen tube to the NPWT tube for drainage collection. 
In this way, negative pressure was applied to the NPWT of the 
soft port as well as the iSAP tube. This system may help to 
effectively circulate the CLAP system under negative pressure.

On the 18th day after the start of CLAP, the bone marrow 
needles were removed, local administration of gentamicin was 
terminated, and NPWT was continued until the discharge fluid 
was diminished. Two days later, fluid discharge was stopped 
from the tube, the double-lumen tube was removed, and 
NPWT was discontinued on the 20th day after the start of 
CLAP. Local findings improved a few days after CLAP and 
completely disappeared at the end of CLAP. Furthermore, the 
inflammatory response became negative 3 weeks after CLAP 
was applied (Fig. 7).
In combination with systemic administration of antibiotics, 6 
g/day of ABPC/SBT was administered for 6 weeks at the same 
time as CLAP. During the CLAP treatment, a continuous 

passive motion machine of the knee was applied during the 
daytime to facilitate fluid circulation in the CLAP system and 
prevent knee stiffness. Therefore, the patients maintained a 
knee range of motion from 0° to 130° by the end of CLAP. She 
started 1/3 partial weight bearing (PWB) 6 weeks after internal 
fixation and 2/3 PWB at 8 weeks. She was allowed to walk with a 
walker from 9 weeks. Bone union was achieved 6 months 
postoperatively. Three years and 6 months after CLAP, she 
returned to her pre-injury life with no signs of infection and no 
abnormalities in her motor function (Fig. 8).

Discussion

Regarding infection caused by open fractures of the lower leg, a 
recent review reported that systemic administration of 
antibiotics within 3 h of injury reduced the infection rate by 1/6, 
and that when antibiotics were administered within 66 min of 
injury, the infection rate was 0%; however, when antibiotics 
were administered beyond this time, the infection rate 
increased by 17% [5]. Therefore, prevention and treatment of 
infection by the administration of antibiotics are very important 
in the treatment of open fractures.
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Figure 7: Photograph just after continuous local 
antibiotic. There are no signs of infection.

Figure 8: X-rays 1 year after continuous local 
antibiotic perfusion. Bony union has been 
obtained. (a) anteroposterior view and (b) 
lateral view.
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First, antibiotic-impregnated cements and ceramics do not 
allow immediate removal of the cause if allergic symptoms 
appear [8]. Therefore, there is a risk of implant removal or 
revision surgery to remove the cause of the allergic reaction. 
Second, in local administration methods that use local 
implantation of antibiotic-coated implants and sustained 
release of antimicrobial agents (e.g., antibiotic-impregnated 
cement implantation and antibiotic-coated implants), it has 
been pointed out that the local concentration of antibiotics 
increased to very high levels on the 1st day and rapidly 
decreased to less than the minimal biofilm eradication 
concentration (MBEC) from a few days after surgery and 
maintained the minimum inhibitory concentrations (MIC) for 
a month [8]. Antimicrobial agents at concentrations of 
100–1000 times the MIC have been reported to be required to 
eradicate the biofilm, which is defined as the MBEC [9]. 
Therefore, it may be difficult to retain the implant that is 
affected by biofilm formation. In addition, biofilm formation 
was observed at the surface of the cement after release of the 
antimicrobial agent. [10]. Third, when the infection subsided 
with antibiotic-impregnated cement implantation, it was 
necessary to remove the antibiotic-impregnated materials. The 
dead space after antibiotic carriers could be a risk factor for 
infection recurrence.
The advantages of CLAP are that the antimicrobial agent can be 
administered locally at any concentration for any period of time. 
The application of negative pressure enables the delivery of 
antibiotic agents to any place including inside the bone. The 
iMAP pin and iSAP tube can be removed without general 
anesthesia after termination of the treatment without creating a 
dead space. In CLAP, antibiotics are administered through the 
route of the double-lumen tube, which is implanted in the bone 
marrow needle and soft tissue, and antibiotic perfusion is 
performed by collecting drainage through the out-route of the 
double-lumen tube. The out-route was drained using a NPWT 
system (Renasys; Smith and Nephew Medical Ltd., Kingston 
upon Hull, UK). We believe that the concentration of 
antibiotics can be maintained at a constant level by 
administering antibiotics continuously from each route.

reported to have several problems. Biofilms are known bacteria aggregating the extracellular matrix 
at the surface of the implant and necrotic tissue and cause high 
antibiotic resistance. Antibiotic resistance is enhanced during 
biofilm maturation. For the selection of antibiotics in CLAP, we 
used gentamicin, an aminoglycoside antibiotic that is 
bactericidal and concentration dependent. The usefulness of 
gentamicin has been reported previously, especially against 
bacterial biofilms in post-operative orthopedic infections, and it 
has been reported that high concentrations of gentamicin have 
sufficient antimicrobial activity regardless of the species [11, 
12]. However, an increase in the blood concentration of 
gentamicin may cause complications such as renal dysfunction 
[13]; therefore, we believe that it is important to monitor the 
blood concentration of gentamicin. We monitored the blood 
levels of gentamicin as a standard protocol for CLAP.
Regarding the cause of this infection, A. hydrophila is an 
anaerobic bacteria widely detected in rivers, lakes, and 
farmyards; it has been reported to be a serious skin and soft-
tissue infection as a result of trauma. The mortality rate of septic 
shock caused by A. hydrophila is extremely high [14]. There 
have been no reports of the successful treatment of FRI cases 
infected with this bacterium while preserving implants [15]. 
Anaerobic bacteria are hard to detect by culture because air 
exposure may deactivate the bacteria, which survive anaerobic 
environments such as deep soft tissue and inside the bone. We 
believe that CLAP could provide appropriate drug delivery for 
severe FRI caused by A. hydrophila.

Conclusion
CLAP may be a novel drug delivery system that can be expected 
to achieve bone healing while preserving the implant in FRI 
cases after open tibial fracture.

Clinical Message

CLAP may be a novel treatment method that can be expected 
to achieve bone healing while preserving the implant in FRI 
cases after open tibial fracture.
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