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I nfection and sepsis are common sequelae of traumatic injuries
secondary to bacterial contamination at the site of injury. In
addition, trauma patients are predisposed to infection because
of impaired host defenses, compromised sterile compartments,
and invasive surgical procedures required to repair injuries.'
Therefore, antibiotics are frequently administered to patients
with various types of traumatic injuries in order to prevent infec-
tion and sepsis-related morbidity and mortality.

Unlike antibiotic prophylaxis for surgery, antibiotics given
to prevent infection after traumatic injuries are never truly pro-
phylactic because bacterial contamination has already occurred.
Because adequate antibiotic concentrations are not present in the
tissue at the time of inoculation, the term presumptive therapy is
more applicable to trauma infections.’

Although there is a clear benefit to presumptive antibiotic
therapy for many traumatic injuries, exposure to antibiotics is
also associated with the risk of emergence of resistant bacteria.
Third-generation cephalosporins have been shown to select
for vancomycin-resistant Enferococcus and extended-spectrum
P-lactamases, and fluoroquinolones have been associated with
methicillin-resistant Staphylococcus aureus and fluoroquinolone-
resistant gram-negative organisms. Another untoward complica-
tion of antibiotic use is superinfection with Clostridium difficile
after elimination of normal bacterial ﬂora,4 which has been asso-
ciated with third-generation cephalosporins, fluoroquinolones,
and clindamycin. While these agents have been most often asso-
ciated with resistance and C. difficile, there is risk of resistance
with any antibiotic use due to selective pressure on bacteria.’

It is important to consider these risks and the associated
cost of complications for presumptive antibiotic therapy for
traumatic injuries.3 Therefore, the purpose of this review is to
evaluate specific traumatic injuries where presumptive antibi-
otics are indicated, incorporate guidelines and evidence when
available, and give recommendations that balance the risks and
benefits of presumptive antibiotic therapy in a concise review.
Indications for presumptive antibiotics addressed in this review
include penetrating abdominal trauma; open extremity fractures;
penetrating brain injury (PBI); facial, sinus, and skull fractures;
saltwater and freshwater injuries; and human and animal bites.

METHODS AND SEARCH CRITERIA

An electronic search of PubMed database was performed
to identify publications relevant to the material of interest. The
following search terms were used: “trauma infections,” “presump-
tive antibiotics,” “penetrating abdominal injury,” “open extremity
fracture,” “penetrating brain injury,” “facial fracture,” “sinus frac-
ture,” “skull fracture,” “aquatic injuries” “human and animal bites.”
Randomized trials, reviews, meta-analyses, and observational stud-
ies published in the English language were included in the literature
review. References of studies and review articles were reviewed
for additional publications to be included. No date restriction was

used for the literature search, which concluded in February 2016.

PRESUMPTIVE TREATMENT OF TRAUMA INJURIES

Penetrating Abdominal Injury
The incidence of infection after penetrating abdominal in-
jury ranges from 7% to 11% with preoperative antibiotics and
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upward of 30% to 70% with only postoperative antibiotics.®’
Risk factors for infection include mechanism of injury, number
of intra-abdominal organs injured, presence of shock, and the
choice of antibiotic treatment.® Penetrating abdominal injury
can lead to various infectious complications when the peritoneal
cavity is breached, including postoperative wound infections
and intra-abdominal abscess.®® Enterobacteriaceae are the or-
ganisms most frequently isolated from aerobic cultures after
penetrating abdominal injury, with Escherichia coli as the pre-
dominant pathogen, followed by Enterobacter cloacae and
Klebsiella species.” Gram-positive pathogens such as Entero-
coccus faecalis and S. aureus are also common.'® Although an-
aerobic cultures are not routinely done in many practice settings,
Bacteroides species are also common pathogens in penetrating
abdominal injury.®'® Notably, E. coli and Bacteroides species
are more often isolated from patients with colonic injuries, and
E. cloacae and Klebsiella species are more common with stom-
ach or small bowel injuries.’

Presumptive antibiotics have been used prior to surgery in
patients with penetrating abdominal trauma for several decades,
and there have been no randomized controlled trials to date that
contest this practice.® A retrospective study demonstrated reduced
infection rates when antibiotics were given presumptively prior to
surgery versus those given onlzl intraoperatively or postopera-
tively (7% vs. 30% and 33%).” A randomized controlled trial
comparing kanamycin and cephalothin with kanamycin and
clindamycin showed that the inclusion of anaerobic coverage re-
duced infection rates from 27% to 10%."" Prospective, random-
ized controlled trials have compared various broad-spectrum
single and combination regimens, including cefoxitin, cefotetan,
clindamycin plus an aminoglycoside, clindamycin plus aztreo-
nam, ceftriaxone plus metronidazole, ampicillin plus gentamicin
plus metronidazole, and penicillin G plus doxycycline. All regi-
mens included in these studies are thought to offer similar
efficacy in reducing penetrating abdominal trauma-related
infections.'> ' A randomized study comparing a 24-hour versus
a 5-day course of presumptive antibiotics after surgery reported
infection rates of 8% in the 24-hour group and 10% in the
5-day group, suggesting no benefit in continuing antibiotics be-
yond 24 hours.??> These findings are supported by several other
studies comparing 24 hours to longer durations of gresumptive
antibiotics for penetrating abdominal trauma.''%23-25

Presumptive antibiotic therapy for penetrating abdominal
trauma should include coverage of commonly isolated patho-
gens, specifically Enterobacteriaceae, S. aureus, and anaerobic
bacteria.® Coverage of Enterococcus species is controversial®
and should not be specifically included in presumptive antibiotic
regimens for abdominal trauma injuries. Although ampicillin-
sulbactam offers single-agent coverage of the target pathogens,
it should be avoided if E. coli resistance is greater than 10% to
20% based on local antibiograms.® Similarly, cefoxitin should
generally be avoided in the setting of poor local Bacteroides
fragilis group susceptibility.?**” The combination of cefazolin
and metronidazole provides adequate coverage for the most
common intra-abdominal pathogens. For patients with a true
cephalosporin allergy, an aminoglycoside plus clindamycin is a
reasonable alternative,® although B. fragilis group resistance to
clindamycin may also be of concern.>” Therapeutic options are
limited in this setting for patients with a severe cephalosporin
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allergy, and antibiotic selectron should be tailored to local sus-
ceptibilities whenever possible.°

The 2012 Eastern Association for the Surgery of Trauma
practice management guideline for antibiotic use in penetrating
abdominal trauma provides a Level 1 recommendation for a sin-
gle preoperative dose of broad-spectrum antibiotics with aerobic
and anaerobic coverage in all patients with penetrating abdomi-
nal wounds. A single dose is adequate in the absence of a hollow
viscous injury, and antibiotics should be continued for no more
than 24 hours in patients with a hollow viscous injury.*® A sum-
mary of recommendations is provided in Table 1.

Open Extremity Fractures

Open extremity fractures are associated with serious risk
of infectious complications secondary to exposure of fracture
fragments to the outside environment.?! The most common type
of open fracture is the tibial shaft, which is more likely to de-
velop 1nfect10n due to poor vasculature and limited soft tissue
coverage.>” Infection following open extremlty fractures can
lead to nonunion and bony instability.*> Open fractures are
graded based on wound size, amount of contamination, degree
of soft tissue injury, and vascular compromise (Table 2).3!-33 Be-
cause this grading system, termed the Gustilo Classification,
has been used to determine the risk of infection and subsequent
limb loss, antibiotic recommendations are also made based on
this system.’

Gram-positive skin flora such as S. aureus and Streptococ-
cus species are the most common pathogens causing infection
after open extremity fractures. Gram-negative bacteria including
Enterobacteriaceae and Pseudomonas species are more likely to
be isolated in Type III fractures because of a higher degree of
contamination, as well as the greater degree of tissue injury.”*
The importance of gram-negative coverage in Grade III fractures
was demonstrated in a prospective study comparing clindamycin
and cloxacillin, which showed exceptionally high infection rates
for both clindamycin (29.0%) and cloxacillin (51.8%). In Type
I fractures, gram-negative pathogens accounted for 43% of iso-
lates, whereas no gram-negatives were isolated from Type I or II
fractures. In addition, this study found that 76% of pathogens
cultured during infection were not present in cultures on admis-
sion, indicating that these pathogens come from the hospital
rather than initial wound contamination.>> A recent retrospective
case-control study demonstrated that 1 day of antibiotics showed
no greater infection risk than 2 to 3 days, 4 to 5 days, or more
than 5 days, even when Type III fractures were assessed in a mul-
tivariate analysis. The median time between trauma and surgery
in this study was 0 days, and no difference in infection rates oc-
curred in the setting of delayed closure (median, 2.5 days),
which occurred most commonly in Type III fractures. These data
suggest 1 day of presumy g)trve antibiotics may be sufficient for all
grades of open fracture. Furthermore a randomized, prospec-
tive trial by Dellinger and colleagues®’ found no significant dif-
ference in incidence of infection in patients treated for one day
compared with 5 days.

Studies evaluating the time interval between injury and
antibiotic administration have not been able to establish a sig-
nificant correlation with improved outcomes. In the absence
of specific data regarding timing of administration, presumptive

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

antibiotics should be administered as soon as possible after open
fracture injury.’

The 2011 East Practice Management Guidelines for pro-
phylactic antibiotic use in open fractures recommend presump-
tive antibiotics with gram-positive coverage for Types I and II
fractures, with the addition of gram-negative coverage for Type
III fractures. The preferred antibiotic for gram-positive organ-
isms is cefazolin (Table 1), which can be used in combination
with once-daily aminoglycoside administration for Type III frac-
tures. As an alternative regimen for patients with a cephalospo-
rin allergy, clindamycin may be substituted for cefazolin for
gram-positive coverage. Although the guidelines recommend
the addition of high-dose penicillin for fractures exposed to
fecal contamination or farm-related injuries to cover for Clos-
tridium species,’" it is reasonable to use ampicillin-sulbactam
plus gentamicin to avoid double (-lactam therapy with
cefazolin and penicillin.

The EAST (Eastern Association for the Surgery of Trauma)
guidelines recommend continuing antibiotics for 24 hours after
wound closure for Types I and II fractures. For Type II fractures,
they recommend antibiotics for 72 hours after injury or not more
than 24 hours after soft tissue coverage.*' Based on data showing
no benefit beyond 24 hours of antibiotics, our recommendation is
to continue antibiotics for no more than 24 hours after wound clo-
sure for all fracture types. Treatment of open fractures with water
exposure varies slightly and is discussed in a later section.

Penetrating Brain Injury

Penetrating brain injuries in the civilian population may
be caused by h1%h-veloc1ty objects, as well as nonmissile, low-
velocity objects. These are typically the result of accidents,
violence, or suicide attempts. Infections resulting from PBIs are
more common in military injuries than in the civilian popula-
tion, with an incidence 0f 4% to 11% and 1% to 5% respectively,
when treated with presumptive antibiotics. Consequently, much
of the data on treatment of PBI involve combat injuries, and it is
unclear whether this can be extrapolated to the civilian popula-
tion because of the inconsistent nature of these injuries.>® In
addition, most studies involving PBIs have been focused on neu-
rological issues, and data on mlcrobrology and antibiotic treat-
ment have been largely neglected.*®

At the time of PBI, skin, hair, and bone fragments contam-
inated with bacteria are driven into the brain along with the ob-
ject causing the injury. In the absence of presumptive antibiotics,
this can lead to 1ntracran1al infection, particularly if these frag-
ments are not removed.*® Incidence of infection without antibi-
otics has been reported to be as high as 58% in combat-related
injuries and up to 25% in civilian PBIs.***?

In a study of combat-related PBI, gram-positive bacte-
ria were isolated in 70% of cases, and the predominant organ-
isms were S. aureus and coagulase-negative staphylococci.*®
Acinetobacter species were also common in this population;
although this organism is highly associated with combat-
related injuries, it has not been shown to be a frequent pathogen
in civilian injuries. A small percentage of cultures in this study
yielded gram-negative bacteria other than Acinetobacter. Based
on reports from combat-related injuries, S. aureus, coagulase-
negative staphylococci, and non -Acinetobacter gram- negatrve
bacteria should be suspected.*® Only one study, conducted in
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TABLE 1. Antibiotic Selection and Duration Based Upon Injury Pattern

Injury

Preferred Agent(s)

Alternate Agent(s) (Severe Penicillin
and Cephalosporin Allergy)*

Duration

Penetrating
abdominal injury

Open extremity fractures
Type I

Type II

Type 11T

Penetrating brain injury

Facial, sinus, and
skull fractures

Facial fractures
Open

Closed

Sinus fractures
Open/closed

Skull fractures
Open
Closed
Freshwater and
saltwater injuries

Freshwater

Salt/brackish water

Human and animal bites

Cefazolin 1-3 g** IV every
8 h + metronidazole 500 mg
IV/PO every 8 h

Cefazolin 1-3 g** [V every 8 h
Cefazolin 1-3 g** [Vevery 8 h

Cefazolin 1-3 g** IV every
8h + IV gentamicin every 24 hi

Ampicillin-sulbactam 3-4.5 g
IVevery 6 h§

OR

Ceftriaxone 2 g IVevery 12 h +
metronidazole 500 mg
IV/PO every 6-8 hf

Cefazolin 1-3 g** IV every
8 h + metronidazole 500 mg
IVevery 8 h

OR

Ampicillin-sulbactam
3-4.5 g IVevery 6h§

See above

See recommendations for
facial fractures

See recommendations for facial fractures

Not routinely recommended

Cefepime 1 g IVevery 6 h

Cefepime 1 g IV every
6 h + doxycycline 100 mg
IV/PO BID
Ampicillin/sulbactam 3-4.5 g
IVevery 6 h§
OR
Amoxicillin/clavulanate
875 mg PO BID

Clindamycin 600-900 mg IV
every 8 hf + IV gentamicin
every 24h}

Clindamycin 600-900 mg IV
every 8 hi

Clindamycin 600-900 mg IV
every 8 hi

Clindamycin 600-900 mg IV
every 8 hf + IV gentamicin
every 24 hi

Moxifloxacin 400 mg IV/PO
every 24 h

Clindamycin 600-900 mg
IVevery 8hi

See above

See recommendations for
facial fractures

See recommendations for
facial fractures

Not routinely recommended

Ciprofloxacin 400 mg

IVevery 8h
Ciprofloxacin 400 mg IV

every 8h + doxycycline

100 mg IV/PO BID
Doxycycline 100 mg IV/PO BID

No HVI: single preoperative dose
HVIL: <24 h

24 h after wound closure
24 h after wound closure
24 h after wound closure
If retained fragment(s):
immediately following

injury and for 5 d
postoperatively

If no retained fragment(s): at
least one dose preoperatively

All open fracture types:
time of injury to
<24 h after surgery

Mandibular fractures/multiple
fractures: time of injury to
<24 h after surgery

All other facial fracture types:
single preoperative dose

All sinus fracture types:
single preoperative dose

Single preoperative dose

N/A

Based on injury type, source
control, and patient condition

3-5d

*Of penicillin skin test positive patients, only ~2% have cross-reactivity with cephalosporins®’; incidence of cross-reactivity is dependent on cephalosporin side chain.>
**Weight-based dosing for cefazolin—single preoperative dose: <80 kg = 1 g, 80-120 kg = 2 g, >120 kg = 3 g; scheduled dosing: <120 kg=1g,> 120 kg=2 g.

TWeight-based dosing for clindamycin: <120 kg = 600 mg, >120 kg = 900 mg.

1Once-daily extended-interval dosing.

§Weight-based dosing for ampicillin/sulbactam: <120 kg =3 g, >120 kg =4.5 g.
Weight-based dosing for metronidazole: <120 kg = every 8 h, > 120 kg = every 6 h.

BID, twice daily; HVI, hollow viscous injury; IV, intravenous; PO, orally.
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TABLE 2. Grading of Open Extremity Fractures?®3*

Type I Open fracture with a skin wound <1 c¢m in length and clean

Type 11 Open fracture with a laceration >1 cm in length and without
extensive soft tissue damage, flaps, or avulsions

Type 111 Open segmental fracture with >10 cm wound with extensive soft

tissue injury or a traumatic amputation (special categories in
Type 1l include gunshot fractures and open fractures caused
by farm injuries)

Colombia, has reported on the microbiology of PBIs in civilian
trauma patients. In this report, methicillin-susceptible S. aureus
was isolated from 54% of cultures, followed by Streptococcus
pneumoniae (15%), Klebsiella pneumoniae (15%), methicillin-
resistant S. aureus (8%), and E. coli (8%).*° The role of anaer-
obes in PBI-associated infections is unclear, as most studies
either did not culture for anaerobes or did not isolate any an-
aerobic bacteria.”® Theoretically, the involvement of anaero-
bic organisms would be based on the trajectory of the bullet
or other penetrating object. Therefore, anaerobic bacteria
may become pathogens of concern if the penetrating injury
reaches the sinuses or oropharynx as they are local flora at
these sites.

The benefit of presumptive antibiotics after PBI in civil-
ians has not been assessed in randomized trials. In an observa-
tional cohort study, 33.8% of the 59 patients who received
presumptive antibiotics developed an infection, compared with
19.8% of the 101 patients without antibiotics. However, this
finding was significant only in the univariate analysis and did
not persist when a multivariate analysis was conducted.*® Pub-
lished data from clean neurological procedures show a benefit
to at least a single dose of antibiotics prior to surgery and the cur-
rent Clinical Practice Guidelines for Antimicrobial Prophylaxis in
Surgery support this practice.* Because a benefit to presumptive
antibiotics has been demonstrated in clean neurosurgical proce-
dures, this evidence provides support for the use of presumptive an-
tibiotics for PBI with a grossly contaminated wound. In addition,
because of a suspected causal relationship between retained
fragments and infection, the retention of potentially contami-
nated debris may require a longer treatment duration.*? Pre-
ferred antibiotics for presumptive treatment after PBI have not
been established by randomized trials.**~° The “Infection in Neu-
rosurgery” Working Party of British Society for Antimicrobial
Chemotherapy recommends intravenous amoxicillin-clavulanate
or intravenous cefuroxime with metronidazole based on data from
case studies using various broad-spectrum antibiotic regimens, in-
cluding penicillin and chloramphenicol, clindamycin and ceftri-
axone, and flucloxacillin, cefuroxime, and metronidazole.*®

Because there is no evidence from randomized trials to
guide antibiotic selection, treatment should be based on com-
mon pathogens, central nervous system (CNS) penetration,
and local susceptibilities. Ampicillin-sulbactam provides ade-
quate coverage of most common pathogens and reaches sufficient
concentrations in the CNS. If local resistance to gram-negative
bacteria such as E. coli and K. pneumoniae is greater than 10%
to 20% for ampicillin-sulbactam, ceftriaxone with or without
metronidazole is an acceptable alternative (Table 1). For patients
with a severe [3-lactam allergy, moxifloxacin can be considered
as an alternative treatment option. The optimal duration for

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

continuing antibiotics after PBI is also unclear, with current
recommendations ranging from 5 days®® to 7 to 14 days.*° In
the absence of data demonstrating improved outcomes with a
longer duration of treatment, we recommend limiting presump-
tive antibiotics to a 5-day course in cases involving retained
fragments.*® For cases where all fragments are removed, it
may be reasonable to limit antibiotics to one preoperative dose.
Randomized trial data are needed to determine an optimal dura-
tion of antibiotics for PBI.

Facial, Sinus, and Skull Fractures

Facial, sinus, and skull fractures are characterized by mul-
tiple different injury patterns and may be exposed to varying de-
grees of bacterial contamination depending on the proximity of
the fracture to the oral cavity and nasal passages.** The inci-
dence of infection after maxillary and mandibular surgery is
10% to 15% when presumptive antibiotics are used prior to sur-
gery,* compared with approximately 50% without antibiotics.*®
Mandibular fractures are at the highest risk of developing infec-
tion, particularly if the fractures occur in tooth-bearing sections
of the mandible.*® Skull fractures also carry significant risk of
infection, depending on the type and severity of the fracture.
Basilar skull fractures are often associated with cerebrospinal fluid
leak, and patients are at risk of developing meningitis.*” Open
fractures are more often associated with wound infections.*¥->°

Facial and sinus fractures are exposed to bacteria coloniz-
ing the head and neck, oral cavity, and mucous membranes of
the sinus and nasal passages. These include gram-positive or-
ganisms such as S. aureus, Streptococcus species, Micrococcus
species, Corynebacterium species, and Propionibacterium
species, and gram-negative anaerobic organisms, including
Bacteroides species, Porphyromonas species, Prevotella spe-
cies, and Fusobacterium species.** Skull fractures can con-
taminate the CNS with bacterial flora of the nose and throat,
so similar organisms are involved in these infections.*’

Facial Fractures

Open facial fractures

Presumptive antibiotics have demonstrated benefit in the
setting of open extremity fractures, but significant differences
exist between open fractures of the extremities and facial frac-
tures. Bacterial flora, blood supply at the fracture site, and surgi-
cal management all may impact the risk of infection. Therefore,
the benefit of antimicrobial therapy for facial fractures should be
evaluated independently of other open fracture types.’' Pre-
sumptive antibiotics are not routinely indicated for fractures
of the maxilla, zygoma, or mandibular condyle region because
there is low risk of postoperative infection with these fracture
types.’>>* For mandibular fractures, presumptive antibiotics
given prior to surgery have demonstrated effectiveness,”*>¢
but controversy exists regarding the necessity and optimal dura-
tion for antibiotics after surgery.* One small prospective study
found a lower incidence of postoperative infections in patients
with facial fractures receiving 24 hours of cefazolin compared
with one preoperative dose.*® Conversely, other small trials have
failed to show a benefit of this practice.*>*¢ A series of three ran-
domized controlled trials comparing a 5-day antibiotic course to
a 1-day course for orbital fractures, mandibular fractures, and
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Le Fort and zygomatic fractures after surgery found no difference
in infection rates for any of the three fracture types.>”

In the absence of studies comparing specific antibiotics
for facial fractures, antibiotic selection should be based on the
contaminating microbiologic flora. Cefazolin plus metronida-
zole or ampicillin/sulbactam provides coverage of common oral
flora and is consistent with guidelines for preoperative antibi-
otics in procedures of the head and neck.*® An alternative in pa-
tients with a severe -lactam allergy is clindamycin, which
provides coverage of gram-positive organisms and anaerobes.**
Because previous studies evaluating duration of presumptive an-
tibiotics for open facial fractures are of poor quality, our recom-
mendations are based on best practice. Despite weak evidence
for some types of facial fractures, it is reasonable to provide a
single dose of presumptive antibiotics prior to surgery for all
fracture types. The benefit of this practice cannot be refuted
based on current literature, but the duration of antibiotics should
be limited to no more than 24 hours after surgery, as there is no
evidence to support a prolonged duration.

Closed facial fractures

Closed facial fractures are less likely to be exposed to bac-
teria from the environment, but may still be contaminated with
bacteria from the oral cavity and nasal passages. Presumptive
antibiotics in closed fractures have been evaluated in studies
only in combination with open fractures. A retrospective study
of nonmandibular fractures found no difference in infection rates
in patients who received additional antibiotics before or after a
single preoperative dose.”> For mandibular fractures, low-level
evidence supports continuing antibiotics from time of injury
and up to 24 hours after surgery.*® Antibiotic recommendations
are the same as those outlined for open facial fractures.

Sinus Fractures

Evidence for presumptive antibiotics in sinus fractures is
limited to two small studies. A randomized trial of 50 patients
found no significant difference in sinusitis rates W1th 3 days of
amoxicillin-clavulanate compared with no antibiotics.*® A retro-
spective review of frontal sinus fractures with delayed operative
intervention found no difference in serious infection rates when
antibiotics were given beyond a single preoperative dose.®'
Based on these studies, which do not differentiate between open
and closed sinus fractures, we recommend limiting presumptive
antibiotics to a single dose prior to surgery for all sinus fractures.
Specific recommendations for antibiotics are outlined in the
open facial fractures section and summarized in Table 1.

Skull Fractures

Open skull fractures

Evidence supporting presumptive antibiotics for skull frac-
tures is limited by both the small number of studies and shortcom-
1ngs involving study design.*” There may be a role for antibiotics
in open skull fractures, as these fractures are typically exposed to
bacterial contamination.**>° However, only one retrospective
study in open depressed skull fractures has evaluated this practice.
Jennett and Miller®” reported infection rates of 1.9% with pre-
sumptive ampicillin and sulfonamide compared with 10% in the
untreated group. Randomized controlled trials are needed to
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estabhsh a clear benefit of presumptive antibiotic therapy in this
setting.*” Because of limited evidence of benefit, we do not rec-
ommend additional therapy beyond a single preoperative dose
for open skull fractures (Table 1).*

Closed skull fractures

A Cochrane review evaluating both randomized and
nonrandomized trial data for basilar skull fractures did not find
sufficient evidence to support or refute presumptive antibiotic
use regardless of the presence of cerebrosplnal fluid leak. In a
small study, Ignelzi and VanderArk® found that not only were
presumptive antibiotics ineffective at preventing CNS infections
after basilar skull fractures, but also the isolates in the antibiotic
group had a higher incidence of resistance to the antibiotics be-
ing prescribed. Only one randomized study has shown a benefit
to presumptive antibiotics in basilar skull fractures, but patients
with open fractures were also included. Patients who received ei-
ther ceftriaxone or ampicillin with sulfadiazine for 3 days were
compared with untreated patients, and they found a significantly
higher incidence of infectious complications in the untreated
group (8.7% vs. 0.9%). The incidence of meningitis was no dif-
ferent between groups, and the other infectious complications
were related to wound sepsis, suggesting that the benefit seen
in this trial may be due to the inclusion of patients with open
fractures.*® Based on the previously mentioned evidence and ad-
ditional studies showing lack of antibiotic effect on closed frac-
tures,**%5 we do not recommend routine presumptive antibiotics
in closed skull fractures.

Freshwater and Saltwater Injuries

Trauma-related wounds exposed to water have a much
higher infection rate than land-based trauma injuries and should
therefore be assumed to be contaminated with aquatic patho-
gens. Bacteria are present in very high concentrations in aquatic
environments, and the microbiology of these organisms differs
significantly from those encountered in land-based injuries.®®
The bacteriology of trauma-associated wounds also varies based
on the water source. The most prevalent bacteria in aquatic envi-
ronments are facultatively anaerobic gram-negative rods. Vibrio
species are most common in saltwater, whereas Aeromonas
hydrophila is the most common bacteria in freshwater lakes,
ponds, and streams. Although special consideration is necessary
for these unusual aquatic microbes, typical skin flora such as S.
aureus and Streptococcus pyogenes are still the most common
pathogens in saltwater and freshwater injuries. Wound infections
in aquatic trauma injuries are often polymicrobial, and other typ-
ical organisms include Pseudomonas aeruginosa, Enterobacteria-
ceae, Plesiomonas shigelloides, Eryszpelothmc rhusiopathiae,
Legionella pneumophila, and anaerobes. 66-69

Mpycobacterium marinum is also a pathogen of concern in
aquatic injuries; however, this organism is characterized by a
more indolent course, and presumptive antlblotlcs covermg M.
marinum should not be administered routinely.*®

Both Vibrio species and A. hydrophila are capable of caus-
ing virulent skin and soft tissue infections that may progress rap-
idly to necrotizing infections with systemic symptoms in the
absence of adequate treatment. Systemic symptoms in sepsis as-
sociated with Vibrio infection include vomiting, fever, and hypo-
tension, whereas A. hydrophila is typically associated with fever,
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leukocytosis, malaise, and regional lymphadenopathy. Because
of the potential for severe and life-threatening infections, pa-
tients with these symptoms or rapidly progressing wounds that
have been exposed to saltwater or freshwater should be treated
with presumptive antibiotics for Vibrio species or A. hydrophila,
respectively, in conjunction with surgical debridement. Antibi-
otic selection for aquatic injuries should be based on whether
the injury was exposed to saltwater or freshwater.°*® Saltwater
exposure, of concern for Vibrio species, should be treated with a
combination of doxycycline and a third- or fourth-generation
cephalosporin. Alternatively, fluoroquinolones are effective
for presumptive therapy, and some Vibrio species, such as
Vibrio parahaemolyticus, are susceptible to trimethoprim-
sulfamethoxazole. If left untreated, case fatality rates for Vibrio
vulnificus exceed 30% in 24 hours and reach 100% at 72 hours,
so antibiotics should be initiated as soon as possible if Vibrio is a
suspected pathogen. Aeromonas hydrophila produces a chromo-
somally mediated [3-lactamase enzyme, making it inherently
resistant to penicillins and first-generation cephalosporins.®’
Aminoglycosides, trimethoprim-sulfamethoxazole, aztreonam,
tetracycline, ciprofloxacin, and third- and fourth-generation
cephalosporins all demonstrate activity aggainst greater than
90% of strains of Aeromonas species.®™® For freshwater
injuries, cefepime provides adequate empiric coverage of
Aeromonas, as well as other common pathogens, including
S. aureus and S. pyogenes. For injuries exposed to brackish
water, a combination of saltwater and freshwater, coverage
of A. hydrophila and Vibrio species is needed. Because there
is no clear evidence to guide duration of therapy, antibiotic
duration should be based on injury type, source control, and
patient condition.®®

Human and Animal Bites

Human and animal bites are one of the most common
types of trauma injuries,”' accounting for 1% of emergency de-
partment visits.”* The lifetime prevalence of animal bites has
been estimated to be greater than 50%, and most of these events
occur during childhood. The majority of animal bites reported
are dog bites, with cat bites and human bites making up a small
minority.”® Most bite wounds are mild and have little risk of in-
fection with proper wound care.”*”® However, puncture-type
wounds and crush injuries are likely to become infected and
can progress to tenosynovitis, septic arthritis, or osteomyelitis
in severe cases if not treated.”>’* Of note, cats’ teeth are sharper
and are more likely to cause puncture wounds and have a higher
risk of becoming infected than dog bites.”> Organisms isolated
from dog and cat bites may include Pasteurella species, a facul-
tative anaerobe associated with both purulent and nonpurulent
wounds, and Capnocytophaga canimorsus, a virulent gram-
negative bacteria associated with gangrene, high-grade bacter-
emia, and fatal septic shock.”*’® Infections from mammalian
bites are often polymicrobial, with both aerobes and anaerobes
commonly isolated from these wounds. Polymicrobial wounds
are likely to be associated with purulence or abscess, whereas
nonpurulent wounds are typically caused by skin flora such as strep-
tococci and staphylococci. Infections from human bites may include
streptococci, staphylococci, Eikenella corrodens, and anaerobes such
as Fusobacterium species, Peptostreptococcus species, Prevotella
species, and Porphyromonas species.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

Literature evaluating the benefit of presumptive antibi-
otics in human and animal bites is limited by small sample size
and heterogeneous study design, which makes selecting patients
most likely to benefit from treatment a challenge. No significant
benefit of presumptive antibiotics has been seen in low-risk pa-
tients who present within 24 hours after dog bites,””’® but one
randomized trial did show a significant benefit in patients, with
cat bites presenting within 24 hours.”” A randomized study of
48 patients showed a reduction of infection rates from 46% to
0% after human bites with the use of presumptive antibiotics.
Conversely, a Cochrane review of eight small randomized trials
found no difference with presumptive antibiotics for dog or cat
bites, with the exception of hand bites, which were reduced from
28% to 2% with antibiotics.*® A meta-analysis of randomized
controlled trials indicated a benefit of presumptive antibiotics
in patients with dog bite wounds, with a number needed to treat
of 14.3! The author concluded that because of the potential risks
of presumptive antibiotic therapy, it is reasonable to limit treat-
ment to patients at highest risk of infection.®” Certain patient
populations are particularly vulnerable to infection from bite
wounds and are believed to be most likely benefit from pre-
sumptive antibiotics. These populations include those who are
immunocompromised or asplenic, have advanced liver disease,
have edema around the affected area, or have moderate to severe
injuries involving the hands and face or who have penetrated the
joint capsule.”*

The most likely pathogens in both animal and human bites
can be treated presumptively with ampicillin-sulbactam or, if
oral therapy is appropriate, amoxicillin-clavulanate. In patients
with a B-lactam allergy, doxycycline may be used as an alterna-
tive treatment. The recommended duration for presumptive
treatment in high-risk patients is 3 to 5 days (Table 1).”*

PHARMACOKINETIC CONSIDERATIONS IN
TRAUMA PATIENTS

Trauma patients undergo unique physiologic changes that
may significantly affect the pharmacokinetic profiles of antibi-
otics used to treat their injuries. Traumatic injuries lead to tissue
damage that may activate a systemic inflammatory response,
resulting in an increase in glomerular filtration rate (GFR) by
up to 50% to 100%.%* This supraphysiologic clearance mecha-
nism, termed augmented renal clearance, is caused by increased
cardiac output leading to increased organ perfusion. These pa-
tients may have a normal serum creatinine that is not reflective
of their true renal clearance,®* and up to 82% of patients with
augmented renal clearance will not reach therapeutic concen-
trations of antibiotics at standard doses.®> Trauma patients
should be screened for augmented renal clearance with an 8-
to 24-hour urine creatinine collection and may require empiric
dose adjustments to attain pharmacodynamic targets.®*

Additional evidence suggests that standard dosing of anti-
microbials in bleeding patients may be inadequate because of the
altered pharmacokinetics of antibiotics in patients with hemor-
rhagic shock.*®®” Although more evidence is needed to confirm
the benefit of adjusted antibiotic doses, Goldberg and col-
leagues®® provide a Level 3 recommendation for a twofold to
threefold dose increase in patients with hemorrhagic shock to
be repeated after every 10 units of blood is transfused. Goldberg

771

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Hopkins et al.

J Trauma Acute Care Surg
Volume 81, Number 4

and colleagues”® also recommend against the use of aminogly-
cosides in patients with severe trauma injuries due to suboptimal
activity. This is based on limited data from studies showing sub-
therapeutic aminoglycoside levels in trauma patients because of
increased volume of distribution using both traditional and
extended-interval dosing.*** While it is crucial to ensure ade-
quate dosing of all antibiotics in trauma patients, avoiding use
of aminoglycosides completely eliminates a viable treatment
option for many traumatic injuries. By using once-daily extended-
interval dosing for aminoglycosides, it is possible to attain ade-
quate serum levels while also limiting nephrotoxicity associated
with these agents to 1.2%.°° Aminoglycosides are included in
many of the recommendations provided in this review and are
preferred over other agents because of their targeted gram-
negative spectrum and the limited collateral damage associated
with aminoglycoside use.

CONCLUSIONS

Presumptive treatment in trauma injuries represents a
unique role for antibiotic therapy, owing to the occurrence of
bacterial contamination prior to the administration of antibiotics.
The emergent nature of trauma injuries leads to many challenges
with regard to antimicrobial therapy, particularly involving
dosing and timing of antibiotics and the limited data indicat-
ing optimal duration for presumptive treatment. While evi-
dence from randomized controlled trials is sparse for most
types of trauma injury, there is a clear role to presumptive an-
tibiotics in this setting. Balancing the benefits associated with
presumptive antibiotic therapy with the risks associated with
unnecessary antibiotic use is a challenge best met by limiting
the antibiotic use to the minimum duration supported by evi-
dence from well-designed studies.
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