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QUESTION 1: What is the most optimal prophylaxtic antibiotic coverage and treatment
duration for open fractures of long bones?
RECOMMENDATION:

The use of prophylactic antibiotics for open fractures of long bones has a protective eﬀect against early infection.
Antibiotics should be administered as soon as possible after the injury. The antibiotic of choice should target gram-positive organisms. Additional
coverage for gram-negative organisms should be considered for patients with high-energy open fractures. Antibiotics should not be continued for
more than 72 hours after wound closure.

LEVEL OF EVIDENCE:
•
•
•
•

Eﬃcacy of prophylactic antibiotics – Strong
Timing of prophylactic antibiotics – Moderate
Choice of antibiotics – Limited
Treatment duration – Moderate

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

Choice of Antibiotics

Antibiotic administration has been shown to decrease the infection rate in open fractures in randomized controlled trials [1,2] as
well as systematic reviews [3,4]. Patzakis et al. demonstrated for
the ﬁrst time the beneﬁt of antibiotics in a prospective, randomized study [1], in which the infection rates for cephalothin versus
penicillin with streptomycin versus no antibiotics were 2.3%, 9.7%,
and 13.9%, respectively. In a Cochrane review data from 1,106 participants in eight studies were analyzed. The use of antibiotics had a
protective eﬀect against early infection compared with no antibiotics or placebo (risk ratio (RR) 0.43, 95% conﬁdence interval (CI)
0.29 to 0.65, absolute risk reduction 0.07 [95% CI 0.03 to 0.10]). [3].
Another more recent systematic review also suggested a large,
consistent reduction in infection risk with antibiotic use (RR 0.37,
95% CI, 0.21 to 0.66) [4].

Target organisms for prophylactic administration should be
contaminants in the wound. Studies evaluating the microbiology of
open fracture wounds have consistently shown that most contaminants are gram-positive organisms [6,7]. A study of 616 type I and II
open fractures of the tibia reported that bacterial contamination at
the fracture site consisted of a similar distribution of gram-positive
(75 to 78%) and gram-negative (22 to 26%) species upon arrival at the
emergency department, at the start of the operation, and at wound
closure [6]. Methicillin-resistant Staphylococcus aureus (MRSA) were
absent among the strains isolated at these stages [6].
The importance of antibiotics covering gram-positive organisms (usually a ﬁrst-generation cephalosporin) is widely agreed
upon. However, the necessity of coverage against gram-negative
organisms or against anaerobes remains controversial.
No studies in the literature have directly compared grampositive coverage to combined gram-positive and gram-negative
coverage. Patzakis et al. recommended addition of aminoglycosides
in all open fractures and reported a reduction in the infection rate
from 14.6% in open tibias treated with a cephalosporin (from 1976
to 1977) to 4.5% in open tibias treated with both a cephalosporin
and an aminoglycoside (1979 to 1980). However, this was not a
direct comparison but instead a comparison of patients treated in
diﬀerent time periods in two prospective studies [8]. Gustilo et al.
reported that 77% of cultures isolated from infected open fractures
were of gram-negative bacteria and advocated addition of aminoglycosides for type III open fractures [9]. Similarly, Vasenius et al. in a
randomized controlled trial of clindamycin vs. cloxacillin reported
high surgical site infection (SSI) rates in type III open fractures and
advocated addition of an aminoglycoside in these severe open tibia
fractures [10].

Timing
In a retrospective study of type III open tibial fractures by Lack
et al., administration of systemic antibiotics more than 66 minutes
after injury was signiﬁcantly and independently associated with
deep infection (odds ratio (OR), 3.78, 95% CI, 1.16 to 12.31) [5].
Based on the quality and quantity of available evidence, the
initial strength of the recommendation for early administration of
antibiotics would be limited. However, we can upgrade this recommendation to one of moderate strength based on the following
factors: (a) there is strong evidence that antibiotics need to be given
and (b) delaying the necessary administration of antibiotics does not
convey any beneﬁt that could balance the potential risk of increased
infection rate with delayed administration.
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Contamination of open fracture wounds with gram-negative
organisms, although less frequent, still occurs [6,7] and a severe open
fracture may be misclassiﬁed due to limitations in the interobserver
agreement of the Gustilo-Anderson classiﬁcation [11]. However, the
SSI rates of Gustilo type I and II fractures have been consistently low
in the literature even with narrow-spectrum antibiotics that mainly
target gram-positive species [9].
Therefore, administration of a ﬁrst-generation cephalosporin
is recommended for Gustilo I and II fractures [12–14] and additional
administration of an antibiotic with good gram-negative coverage is
recommended in Gustilo type III (e.g., aminoglycoside or 3rd generation cephalosporins) [13,14,15,16]. Aminoglycosides may cause nephrotoxicity, especially in the setting of renal disease or dysfunction;
therefore, renal function should be considered beforehand. Pannell
et al. reported that gentamicin use during treatment of open fractures does not lead to increased rates of renal dysfunction when used
in patients with normal baseline renal function [17]. Unfortunately,
renal function is often not known at the time of initial admission of
antibiotics.
Anaerobic coverage (e.g., penicillin, clindamycin or metronidazole) is recommended in the presence of potential clostridial
contamination (e.g., fecal contamination or farm-related injuries)
[13,14]. However, no study has compared anaerobic coverage in such
injuries. A group developing guidelines for combat injuries that are
severely injured and contaminated did not recommend anerobic
coverage, but instead emphasized early and thorough debridement.
The emergence of antimicrobial resistance in bacteria has
created concerns about the adequacy of current antibiotic protocols, especially against MRSA. However, a randomized controlled
trial comparing vancomycin and cefazolin versus only cefazolin in
101 patients with open fractures found no diﬀerence in the infection
rates between the groups: 19% in the group receiving vancomycin
and cefazolin versus 15% in the cefazolin only group [18]. As a result,
the routine use of vancomycin in open fractures cannot be recommended based on available data.
Duration
Two randomized controlled trials compared one to ﬁve days of
antibiotics in the management of open fractures [6,19]. Both studies
reported that the infection rates were similar in the one-day and
the ﬁve-day groups and advocated against the prophylactic administration of antibiotics for ﬁve days. However, no randomized
controlled studies have compared one-day, two-day, or three-day
antibiotic prophylaxis. A retrospective case control study of 1,492
open fractures by Dunkel et al. showed after multivariate analysis
that there was no signiﬁcant diﬀerence in infection risk for one-day
prophylaxis compared with longer regimens [20]. Although the OR
for infection in the two/three-day group compared to the one-day
group was 0.6 (95% CI, 0.2 to 2.0) in all fractures and 0.3 (95% CI, 0.1
to 3.3) in type III fractures. These lower ORs were not found to be
signiﬁcant.
Prolonged prophylactic administration of antibiotics beyond
72 hours is not recommended. In the absence of additional data for
type I and II open fractures we would recommend administration
of antibiotics for at least 24 hours after wound closure, but not to
exceed 72 hours. In type III fractures we recommend 72 hours of anti-

biotic administration or 24 hours after closure or soft tissue coverage
of the wound, in agreement with existing guidelines [13,15,16,21].

REFERENCES
[1]
[2]
[3]
[4]

[5]
[6]
[7]

[8]
[9]
[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]
[18]
[19]
[20]

[21]

Patzakis MJ, Harvey JP, Ivler D. The role of antibiotics in the management of
open fractures. J Bone Joint Surg Am. 1974;56:532–541.
Braun R, Enzler MA, Rittmann WW. A double-blind clinical trial of prophylactic cloxacillin in open fractures. J Orthop Trauma. 1987;1:12–17.
Gosselin RA, Roberts I, Gillespie WJ. Antibiotics for preventing infection in open limb fractures. Cochrane Database Syst Rev. 2004:CD003764.
doi:10.1002/14651858.CD003764.pub2.
Chang Y, Kennedy SA, Bhandari M, Lopes LC, Bergamaschi C de C, Carolina
de Oliveira E Silva M, et al. Eﬀects of antibiotic prophylaxis in patients
with open fracture of the extremities: a systematic review of randomized
controlled trials. JBJS Rev. 2015;3. doi:10.2106/JBJS.RVW.N.00088.
Lack WD, Karunakar MA, Angerame MR, Seymour RB, Sims S, Kellam JF, et al.
Type III open tibia fractures: immediate antibiotic prophylaxis minimizes
infection. J Orthop Trauma. 2015;29:1–6. doi:10.1097/BOT.0000000000000262.
Carsenti-Etesse H, Doyon F, Desplaces N, Gagey O, Tancrède C, Pradier C,
et al. Epidemiology of bacterial infection during management of open leg
fractures. Eur J Clin Microbiol Infect. 1999;18:315–323.
Robinson D, On E, Hadas N, Halperin N, Hofman S, Boldur I. Microbiologic ﬂora contaminating open fractures: its signiﬁcance in the choice of
primary antibiotic agents and the likelihood of deep wound infection. J
Orthop Trauma. 1989;3:283–286.
Patzakis MJ, Wilkins J, Moore TM. Use of antibiotics in open tibial fractures.
Clin Orthop. 1983:31–35.
Gustilo RB, Mendoza RM, Williams DN. Problems in the management of
type III (severe) open fractures: a new classiﬁcation of type III open fractures. J Trauma. 1984;24:742–746.
Vasenius J, Tulikoura I, Vainionpää S, Rokkanen P. Clindamycin versus cloxacillin in the treatment of 240 open fractures. A randomized prospective
study. Ann Chir Gynaecol. 1998;87:224–228.
Brumback RJ, Jones AL. Interobserver agreement in the classiﬁcation of
open fractures of the tibia. The results of a survey of two hundred and fortyﬁve orthopaedic surgeons. J Bone Joint Surg Am. 1994;76:1162–1166.
Hauser CJ, Adams CA, Eachempati SR, Council of the Surgical Infection
Society. Surgical Infection Society guideline: prophylactic antibiotic use
in open fractures: an evidence-based guideline. Surg Infect. 2006;7:379–405.
doi:10.1089/sur.2006.7.379.
Hoﬀ WS, Bonadies JA, Cachecho R, Dorlac WC. East Practice Management
Guidelines Work Group: update to practice management guidelines for
prophylactic antibiotic use in open fractures. J Trauma. 2011;70:751–754.
doi:10.1097/TA.0b013e31820930e5.
Luchette FA, Barrie PS, Oswanski MF, Spain DA, Mullins CD, Palumbo F,
et al. Practice management guidelines for prophylactic antibiotic use in
tube thoracostomy for traumatic hemopneumothorax: the EAST Practice
Management Guidelines Work Group. Eastern Association for Trauma. J
Trauma. 2000;48:753–757.
Obremskey W, Molina C, Collinge C, Nana A, Tornetta P 3rd, Sagi C, Schmidt
A, Probe R, Ahn J, Browner BD. Evidence-Based Quality Value and Safety
Committee Orthopaedic Trauma Association, Writing Committee. Current
practice in the management of open fractures among orthopaedic
trauma surgeons. Part A: initial management. A survey of orthopaedic
trauma surgeons. J Orthop Trauma. 2014 Aug;28(8):e198–e202. doi: 10.1097/
BOT.0000000000000033.
Murray CK, Obremskey WT, Hsu JR, Andersen RC, Calhoun JH, Clasper
JC, Whitman TJ, Curry TK, Fleming ME, Wenke JC, Ficke JR; Prevention of
combat-related infections guidelines panel prevention of infections associated with combat-related extremity injuries. J Trauma. 2011 Aug;71(2 Suppl
2):S235–S257. doi: 10.1097/TA.0b013e318227ac5f.
Pannell WC, Banks K, Hahn J, Inaba K, Marecek GS. Antibiotic related acute
kidney injury in patients treated for open fractures. Injury. 2016;47:653–657.
doi:10.1016/j.injury.2016.01.018.
Saveli CC, Morgan SJ, Belknap RW, Ross E, Stahel PF, Chaus GW, et al. Prophylactic antibiotics in open fractures: a pilot randomized clinical safety study.
J Orthop Trauma. 2013;27:552–557. doi:10.1097/BOT.0b013e31828d92ee.
Dellinger EP, Miller SD, Wertz MJ, Grypma M, Droppert B, Anderson PA. Risk
of infection after open fracture of the arm or leg. Arch Surg Chic Ill. 1960
1988;123:1320–1327.
Dunkel N, Pittet D, Tovmirzaeva L, Suvà D, Bernard L, Lew D, et al. Short
duration of antibiotic prophylaxis in open fractures does not enhance risk
of subsequent infection. Bone Joint J. 2013;95-B:831–837. doi:10.1302/0301620X.95B6.30114.
Nanchahal J, et al., British Association of Plastic, Reconstructive and
Aesthetic Surgeons. Standards for the management of open fractures of the
lower limb. London: Royal Society of Medicine Press Ltd.; 2009.

• • • • •

