
736 Part V   Trauma

REFERENCES
[1] Museru LM, Kumar A, Ickler P. Comparison of isotonic saline, distilled water 

and boiled water in irrigation of open fractures. Int Orthop. 1989;13:179–180.
[2] Rosenstein BD, Wilson FC, Funderburk CH. The use of bacitracin irrigation 

to prevent infection in postoperative skeletal wounds. An experimental 
study. J Bone Joint Surg Am. 1989;71:427–430.

[3] Tarbox BB, Conroy BP, Malicky ES, Moussa FW, Hockman DE, Anglen JO, et 
al. Benzalkonium chloride. A potential disinfecting irrigation solution for 
orthopaedic wounds. Clin Orthop Relat Res. 1998:255–261.

[4] Conroy BP, Anglen JO, Simpson WA, Christensen G, Phaup G, Yeager R, et al. 
Comparison of castile soap, benzalkonium chloride, and bacitracin as irri-
gation solutions for complex contaminated orthopaedic wounds. J Orthop 
Trauma. 1999;13:332–337.

[5] Bhandari M, Adili A, Schemitsch EH. The effi  cacy of low-pressure lavage 
with diff erent irrigating solutions to remove adherent bacteria from bone. 
J Bone Joint Surg Am. 2001;83-A:412–419.

[6] Kaysinger KK, Nicholson NC, Ramp WK, Kellam JF. Toxic eff ects of wound 
irrigation solutions on cultured tibiae and osteoblasts. J Orthop Trauma. 
1995;9:303–311.

[7] Chavassieux P, Serre CM, Vergnaud P, Delmas PD, Meunier PJ. In vitro evalu-
ation of dose-eff ects of ethanol on human osteoblastic cells. Bone Miner. 
1993;22:95–103.

[8] Klein RF, Fausti KA, Carlos AS. Ethanol inhibits human osteoblastic cell 
proliferation. Alcohol Clin Exp Res. 1996;20:572–578.

[9] Owens BD, White DW, Wenke JC. Comparison of irrigation solutions and 
devices in a contaminated musculoskeletal wound survival model. J Bone 
Joint Surg Am. 2009;91:92–98. doi:10.2106/JBJS.G.01566.

[10] Anglen JO. Comparison of soap and antibiotic solutions for irrigation of 
lower-limb open fracture wounds. A prospective, randomized study. J Bone 
Joint Surg Am. 2005;87:1415–1422. doi:10.2106/JBJS.D.02615.

[11] Bhhaskar SN, Cutright DE, Runsuck EE, Gross A. Pulsating water jet devices 
in debridement of combat wounds. Mil Med. 1971;136:264–266.

[12] Gross A, Cutright DE, Bhaskar SN. Eff ectiveness of pulsating water jet lavage 
in treatment of contaminated crushed wounds. Am J Surg. 1972;124:373–377.

[13] Hamer ML, Robson MC, Krizek TJ, Southwick WO. Quantitative bacterial 
analysis of comparative wound irrigations. Ann Surg. 1975;181:819–822.

[14] Brown LL, Shelton HT, Bornside GH, Cohn I. Evaluation of wound irrigation 
by pulsatile jet and conventional methods. Ann Surg. 1978;187:170–173.

[15] Dirschl DR, Duff  GP, Dahners LE, Edin M, Rahn BA, Miclau T. High pressure 
pulsatile lavage irrigation of intraarticular fractures: eff ects on fracture 
healing. J Orthop Trauma. 1998;12:460–463.

[16] Bhandari M, Adili A, Lachowski RJ. High pressure pulsatile lavage of contam-
inated human tibiae: an in vitro study. J Orthop Trauma. 1998;12:479–484.

[17] Bhandari M, Schemitsch EH, Adili A, Lachowski RJ, Shaughnessy SG. High 
and low pressure pulsatile lavage of contaminated tibial fractures: an in 
vitro study of bacterial adherence and bone damage. J Orthop Trauma. 
1999;13:526–533.

[18] West BR, Nichter LS, Halpern DE, Nimni ME, Cheung DT, Zhou ZY. Ultra-
sound debridement of trabeculated bone: eff ective and atraumatic. Plast 
Reconstr Surg. 1994;93:561–566.

[19] FLOW Investigators, Bhandari M, Jeray KJ, Petrisor BA, Devereaux PJ, Heels-
Ansdell D, et al. A trial of wound irrigation in the initial management 
of open fracture wounds. N Engl J Med. 2015;373:2629–2641. doi:10.1056/
NEJMoa1508502.

•    •    •    •    •
Authors: Janet Conway, Mario Morgenstern, Hamed Vahedi 

QUESTION 4: What is the most appropriate management of early (prior to complete wound 
healing) infection after fracture fi xation with stable fi xation?

RECOMMENDATION: The most acceptable treatment strategy for trauma patients with early postoperative infection is to perform proper 
irrigation and debridement, administer intravenous (IV) followed by oral antibiotic therapy and retain stable hardware in place. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

The defi nition and classifi cation of early infection after isolated 
fracture fi xation (IFF) is a dilemma among orthopaedic trauma 
surgeons [1–3]. However, the clinical picture of early infection 
including local (e.g., hematoma, wound discharge and dehiscence, 
erythema around the incision) and systemic (e.g., fever, lethargy) 
symptoms are usually diagnostic in most situations. Although it is 
not clear whether the biofi lm formation process during the early 
postoperative infection period will be stopped or delayed with 
appropriate treatment, the goal of the treatment at this stage is 
to control the infection until complete union is achieved at the 
fracture site. After fracture healing, removal of the implant will 
help to eradicate the infection. This strategy is diff erent than the 
typical treatment of a periprosthetic joint infection (PJI) in which 
the infected implant is replaced in two stages (spacer and then 
re-implantation of the total joint arthroplasty). The treatment 
strategy might be diff erent based on the evaluation of the local and 
systemic clinical picture in each individual case. However, based on 
the available literature and our experience, it is possible to suggest 
some general recommendations.

The most signifi cant diff erence between IFF and PJI is the 
higher chance of infection control and eradication by removing the 
implant during or after bone healing is complete for IFF cases. There-
fore, especially in early postoperative IFF cases, infection control is 
the main goal of medical and surgical treatment [4,5]. The treatment 
options are described as ranging from simple antibiotic suppression 

to removal of the current implant to multiple stage revisions [4,5]. 
The most reasonable treatment strategy that is applicable to most 
cases is performing irrigation and debridement, retaining the stable 
fi xation, and administering IV antibiotic therapy [4–7]. More than 
one washout or debridement may be necessary to clean the opera-
tive site and optimize wound healing [8,9]. Local antibiotic delivery 
(e.g., bead pouch, calcium sulfate beads) may be helpful. Proper soft-
tissue coverage and aggressive debridement are the main principals 
of the surgical part of the treatment. Early fl ap coverage is critical if 
hardware is exposed [10]. 

The use of negative-pressure wound therapy coupled with 
continuous instillation of an antibiotic solution containing 
gentamicin and chymotrypsin has also been shown to facilitate a 
healthy wound bed for healing while maintaining fracture fi xation 
with or without additional surgery for secondary closure [11]. In 
patients who are at high risk for wound healing problems, incisional 
negative-pressure therapy may be helpful following the washout 
[12,13].

Empiric systemic antibiotic therapy followed by organism 
susceptibility-based therapy should be started after early irriga-
tion and debridement. Systemic antibiotic therapy can be cura-
tive or suppressive [14]. After a period of two weeks, IV antibiotic 
therapy can be replaced by appropriate oral therapy based on the 
available culture results [15–17]. It is recommended to continue the 
oral therapy for an additional four to six weeks to prevent chronic 
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osteomyelitis and suppress the infection [14,18]. In some situations, 
one may consider long-term oral suppressive therapy until union is 
achieved before considering implant removal.

Surgical intervention usually is needed to control the IFF. The 
main challenge is whether or not to remove any stable implants. 
Removal of stable internal fi xation during the early postoperative 
period, especially in complex situations, will compromise bone 
healing. It has been shown in multiple studies that there is a strong 
correlation between fracture stability and bone healing [19–21]. Theo-
retically, proper irrigation and debridement in the early stage of 
the IFF can reduce the bacterial load and lower the speed of biofi lm 
formation, which will also help the fracture consolidation process.

During initial debridement, local delivery of the antibiotic 
at the fracture site can be implemented by using absorbable or 
non-absorbable materials. However, there is no strong evidence 
to support the advantage of using local delivery systems as well as 
systemic antibiotic therapy. Aminoglycosides and vancomycin are 
the most commonly used antibiotics for local delivery [22]. Industrial 
premixed or hand-mixed polymethylmethacrylate bone cements 
are widely used to deliver antibiotics to the infection site by diff erent 
techniques including molded beads or coated intramedullary nails 
[23]. The need for removal and less optimal release of the incorpo-
rated antibiotics are the main disadvantages of the antibiotic-loaded 
cements [24]. Good primary results are reported for resorbable mate-
rials such as calcium sulfate [25–28]. However, there is no high-quality 
study to show the superiority of these materials to the antibiotic 
-loaded cements in terms of clinical outcomes. Recently, hydrogels 
were introduced as an att ractive and eff ective delivery vehicle for 
traumatic wounds with reasonable outcomes, which needs to be 
validated by further high-quality studies [22,29,30].

Although irrigation, debridement, and retention of the stable 
fi xation device were reported as a successful treatment strategy for 
early IFF in a few studies, there is no strong evidence to support 
this treatment protocol, especially in the very early stage (before 
wound healing). Berkes et al. [6] reported a 71% fracture union rate 
in 121 patients with early postoperative (within 6 weeks) IFF after 
treatment with irrigation and debridement, implant retention, and 
culture-specifi c antibiotic suppression. Open fractures and the pres-
ence of an intramedullary nail were reported as the positive predic-
tors of treatment failure. Rightmire et al. [7] reported a similar rate 
of bone healing (68%) with the same strategy for treatment of early 
IFF (within 16 weeks). However, there is no available evidence for the 
appropriate treatment of the infection in the postoperative period 
before wound healing occurs (two weeks). 

Based on the available evidence and our experience, the most 
acceptable treatment strategy in trauma patients with early postoper-
ative infection is proper debridement, antibiotic therapy (IV followed 
by oral) and retention of the stable hardware already in place.
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