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Clinical question: Based on the grade of open fracture, which antibiotic should be selected for
antimicrobial prophylaxis, and what is the optimal timing and duration of administration?
Results: For Grade I and II open fractures, a first-generation cephalosporin (eg, cefazolin)
should be administered within 3 hours of initial injury and be continued for 24 hours after initial
injury. Grade III open fractures require coverage with an aminoglycoside in addition to a first-
generation cephalosporin within 3 hours of initial injury, and antibiotics should be continued
for 48-72 hours after initial injury but no more than 24 hours after wound closure. If a fracture
is at risk of contamination with clostridium species, such as a farm-related injury, penicillin
should be added to the antibiotic regimen.

Implementation: Pitfalls to avoid when using antibiotics for infection prophylaxis in open frac-
tures include utilizing cultures immediately postinjury to direct choice of agent for antimicrobial
prophylaxis, because infecting pathogens do not typically correlate to pathogens initially cultured
after injury; failure to consider patients’ medication allergy history or reconcile allergy records;
and failure to obtain a thorough history to determine injury exposure (eg, farm, water).
Keywords: open fracture, penicillin, antibiotics, infection

Definition: An open fracture is one in which disruption of the skin and underlying soft
tissues results in exposure of the wound to the outside environment.' Fracture grade
is determined according to the Gustilo classification system (Table 1).> Antimicrobial
prophylaxis is the use of antibiotics to prevent infection.

Incidence: According to a study conducted in the UK by Court-Brown et al,> open
fractures of long bones are estimated to occur at a rate of 11.5 per 100,000 people
per year. Approximately 40% of these fractures involve the lower extremities, most
commonly the tibia. Reported infection rates range from 0% to 9% for Grade I fractures,
1% to 12% for Grade II fractures, and 9% to 55% for Grade III fractures.*
Economics: There have been no published studies addressing the economic impact
of infection in open fractures. These would need to include direct expenses related to
hospital stay, surgical intervention, medication costs, and rehabilitation. In addition,
indirect costs due to disability and missed work days would need to be taken into
account, as well as relative costs of a subsequent infection.

Level of evidence: Randomized controlled trials, systematic reviews, practice
guideline statements.

Search sources: PubMed, Cochrane Library, Ovid/MedLine, International
Pharmaceutical Abstracts, Embase.
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Outcomes: From the clinician’s perspective, the main
outcomes of antimicrobial prophylaxis in open fractures
are:

1. Prevention of infection

2. Promotion of or neutral effects on fracture healing

3. Restoration of limb function.

Table | Gustilo classification of open fractures?

Consumer summary: A fracture is considered open when
bone fragments break the skin and expose the wound to the
outside environment.! Evidence proves that in addition to
appropriate wound cleansing, surgical removal of dead tissue,
and stabilization of the wound, administration of antibiotics
can minimize the risk of infection and improve outcomes.’

Grade | <I cm wound due to bone protrusion or low-velocity penetrating injury

Grade Il > cm wound without extensive soft tissue injury
Grade Il >10 cm wound with extensive soft tissue injury

Grade lll, Adequate soft tissue coverage of fractured bone

Grade ll1, Significant soft tissue loss with exposed bone that requires soft tissue transfer to achieve coverage

Grade lll_ Associated vascular injury that requires repair for limb preservation

Adapted from 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; 2008.!

The evidence

Based on fracture grade, which
antibiotic(s) should be selected
for antimicrobial prophylaxis?

Systematic reviews: 2
Randomized controlled trials: 0
Practice guideline statements: 1

A systematic review by Hauser et al® concluded that
there are sufficient data for the use of a first-generation
cephalosporin in Grade II and III open fractures for
antimicrobial prophylaxis. Also, they concluded that there
are insufficient data that antibiotics directed against Gram-
negative bacilli or penicillin coverage for Clostridium species
are beneficial as routine prophylaxis in any open fracture. The
systematic review by Fletcher et al® concluded that a first-
generation cephalosporin should be used for all open fractures
when not otherwise contraindicated, and aminoglycosides may
decrease risk of infection in Grade II and III fractures. Also,
there is inadequate evidence to support the use of penicillin
for fractures with potential clostridial contamination.

Consensus practice guidelines' concluded that systemic
antibiotic coverage directed at Gram-positive organisms should
be initiated in all open fractures. Additional Gram-negative
coverage should be added for Grade III fractures, and penicillin
should be added for fecal or possible clostridial contamination.
Fluoroquinolones offer no advantage over the first-line regi-
men and may be detrimental in fracture healing.” Antibiotics
administered by the oral route have been studied, but there is
insufficient evidence to recommend their routine use.!

Based on fracture grade, what
is the optimal timing and duration
of antibiotic administration?

Systematic reviews: 2
Randomized controlled trials: 2
Practice guideline statements: 1

A systematic review by Hauser et al® concluded that for
Grade II and III open fractures, administration of antibiotics
for 48 hours perioperatively is safe and effective for
antimicrobial prophylaxis. Routine prophylactic antibiotic
use beyond the initial perioperative period is not beneficial in
any open fracture. In a systematic review by Fletcher et al,®
antibiotic administration was recommended to be continued
for 24 hours postoperatively.

A randomized controlled trial by Dellinger et al®
concluded that on presentation to the emergency department,
1-day antibiotic administration is equally efficacious as 5-day
administration in preventing open fracture site infections.

A randomized controlled trial by Patzakis and Wilkins’
concluded that the early administration of antibiotics was
the single most important factor in reducing the infection
rate, which significantly increased when antibiotics were not
initiated within 3 hours after injury.

Consensus practice guidelines' concluded that for Grade
and II fractures, antibiotics should be discontinued 24 hours
after wound closure; antibiotics for Grade III fractures should
be continued for 72 hours following injury but not more than
24 hours after tissue coverage of the open wound.
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Conclusions

Grade I and II open fractures require coverage by a first-
generation cephalosporin for 24 hours after wound closure.
Grade III open fractures require coverage by a first-generation
cephalosporin and an aminoglycoside for 48—72 hours after

The practice

initial injury but no longer than 24 hours after wound closure.
If a fracture is at risk of contamination with Clostridium
species, penicillin should be added to the antibiotic regimen.
Antibiotics should be administered within 3 hours of initial
injury, regardless of fracture grade.

Potential pitfalls

Pitfalls to avoid when using antibiotics for infection prophylaxis

in open fractures:

e Utilizing cultures immediately postinjury to direct choice
of agent for antimicrobial prophylaxis, because infecting
pathogens do not typically correlate to pathogens initially
cultured after injury

e Failure to consider patients’ medication allergy history
or to properly reconcile allergy records

e Failure to obtain a thorough history to determine injury
exposure (eg, farm, water)

Management

Urgent management includes adequate debridement of devi-
talized tissue, copious irrigation with normal saline, and bone
stabilization to decrease risk of infection and expedite patient
rehabilitation. Antibiotic prophylaxis is intended as an adjunct
to the standard operative management of open fractures.’

Assessment

e An open fracture is a traumatic injury most commonly
resulting from a motor vehicle accident, fall, sports-
related injury, or direct collision.'”

e Management of open fractures differs according to the
Gustilo classification (Table 1).

Treatment

There is ample evidence supporting the use of antibiotics in
the management of open fractures to prevent infection.!:¢!1:12
However, there are conflicting data regarding the routine
use of wound cultures, antibiotic selection according to
fracture grade, timing of antibiotic administration, duration
of antibiotic administration, and the value of locally
administered antibiotics.

Debridement cultures
e Organisms contaminating open fracture wounds do not
correlate to the pathogens responsible for infection.

Most infections of open fracture wounds result from
nosocomial organisms.

e This is demonstrated in a study by Carsenti-Etesse et al*
which found that coagulase-negative Staphylococci,
Bacillus spp., Acinetobacter spp., and Enterobacter spp.
were the most common bacterial contaminants found in the
fracture site on presentation to the emergency department
and prior to surgery. However, cultures at the time of infec-
tion showed the most common Gram-positive organisms
to be methicillin-sensitive and methicillin-resistant
Staphylococcus aureus (MRSA), and Gram-negative
organisms, including Enterobacter spp., Klebsiella spp.,
Escherichia coli, and Pseudomonas spp.

e Cultures immediately postinjury are not useful in
directing antimicrobial prophylaxis.**

Antibiotic selection

e Antibiotic selection depends on the severity of the fracture
and the environment in which the fracture occurred.

e Grade I and Il open fractures are most likely to be infected
with Gram-positive organisms (methicillin susceptible
Staphylococcus aureus spp.). A first-generation cepha-
losporin (eg, cefazolin) should be administered.'

e Grade IIT open fractures are at greater risk of being
infected with Gram-negative bacteria in addition to
Gram-positive organisms. Antibiotic coverage should
be expanded by adding an aminoglycoside, such as
gentamicin, to the first-generation cephalosporin.'

e Vancomycin may be appropriate for first-line treatment
if the patient has a significant, documented beta-lactam
allergy, has a history of MRSA colonization, or is
hospitalized in an area with recent MRSA outbreaks.
Clinicians should also be cognizant of the associated
risk for selection of resistant organisms such as MRSA
that are associated with cephalosporins, particularly in
patients who may require prolonged hospitalization.!3

e For any fracture grade, in order to prevent infection by
Clostridium species, Gram-positive anaerobic coverage
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with penicillin is necessary if the wound is contaminated
with soil or feces, such as with farm-related injuries.
Because nosocomial organisms are typically responsible
for deep surgical site infections, a study by Glass et al'
pertaining to the prevention of deep surgical site infections
recommends an additional single dose of a prophylactic
antibiotic with MRSA activity, such as vancomycin or
teicoplanin, for Gustilo Grade I1IB fractures.

Timing of antibiotic administration

Studies have consistently shown a definitive relationship
between delay of antibiotic administration and increased
risk of infection.”!!

Antimicrobial prophylaxis should be started as soon as
possible after the initial injury, specifically within 3 hours
of initial injury, because risk of infection increases
significantly beyond this period due to changes in
circulation and multiplication of the bacteria.’

Duration of antibiotic administration

Taking into account minimization of adverse events!>!
and risk of antimicrobial resistance, the evidence indicates
that there is no clinical benefit to protracted courses of
antibiotics.®

For Grade I and II fractures, antibiotics should be
administered for 24 hours after wound closure.!

For Grade III fractures, antibiotic administration should
be continued for 48—72 hours after the initial injury but
no more than 24 hours after wound closure.!

Local antimicrobial prophylaxis

Local antibiotic-laden polymethylmethacrylate beads
have been shown to produce high antibiotic concentra-
tions at the site of injury while minimizing systemic
exposure, thus decreasing the risk of systemic adverse
effects.!”

Antibiotic drug candidates for local therapy should be
heat stable, have a powder formulation, and be effective
against common pathogens."”

Local antibiotic therapy is not meant to replace systemic
antibiotics but is a practical option for severe open
fractures, specifically those with insufficient tissue for
immediate wound closure.!”

In a study by Ostermann et al'® the infection rates for acute
infection and/or chronic osteomyelitis in Grade I, II, and
IIT open fractures was 3.7% for those utilizing systemic
and local antibiotics compared with 12% with systemic
antibiotics alone. This was only statistically significant

for Grade III open fractures, reducing infection rates from
20.6% to 6.5%.'8

Indications for specialist referral

e If the open fracture is associated with multitrauma motor
vehicle accident injuries, management should include trauma
specialists, including orthopedic and plastic surgeons.

e Ifthe open fracture infection is secondary to a multidrug-
resistant pathogen, an infectious disease consult should
be considered.

e Due to the altered pharmacokinetics in this patient
population and the complex nature of the antibiotic
pharmacodynamics, or in those patients with a significant
allergy history, clinical pharmacist input for antibiotic
selection and dosing should be considered.

Further reading

Hauser CJ, Charles AA, Soumitra RE. Prophylactic antibiotic use in open frac-
tures: an evidence-based guideline. Surg Infect. 2006;7(4):379-405.

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; 2008.
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