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Abstract

The incidence of postoperative infections after spinal
surgery ranges from less than 1% to 15%. This rate can
vary based on several surgical- and patient-related risk
factors, such as the type and duration of the procedure,
nutritional status, immunosuppression, and comorbidi-
ties of the patient. Most surgeons routinely administer
intravenous antibiotics prophylactically, and may employ
other measures in an effort to prevent postoperative
infection. Multiple diagnostic modalities, in conjunc-
tion with examination findings, should be utilized in
the assessment of possible postoperative spinal infec-
tions. In particular, wound discharge or erythema, and
an elevation in the erythrocyte sedimentation rate and
C-reactive protein beyond expected postoperative val-
ues should raise a clinician’s level of suspicion for an
infection. The diagnosis of a postoperative spine infec-
tion can be difficult to confirm with diagnostic imaging,
given findings are not all that different from normal
postoperative changes. When suspected, the preferred
treatment for a postoperative spinal infection is open
irrigation and aggressive debridement of all necrotic tis-
sue and bone, followed by antibiotic treatment based on
culture sensitivity.

1l surgical interventions carry the risk for
postoperative wound infection. Surgical site
infections account for the most common type
of nosocomial infection that affects patients
after surgery.!:> Although relatively uncommon, infec-
tions can have a dramatic social and financial impact.
Postoperative infections often require management
with prolonged-use intravenous (IV) antibiotics or
operative debridement, which translates into a longer
hospital stay for the patient and increased cost for both
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the patient and the health care system.?° Postoperative
spine infections, specifically, can have devastating
sequelae, including pseudarthrosis, hardware failure,
potential neurologic compromise, and other medical
problems.

In this review, we focus on the risk factors, clinical
presentation, and diagnosis of postoperative spinal
infections. We also address strategies for prevention and
management options.

INCIDENCE AND RISK FACTORS

For spine surgery, the rate of postoperative infections has
been reported to range from less than 1% up to 15%.7-%!
All postoperative infections have a broad range of report-
ed incidence, as the different surveillance methods used to
follow patients can produce varying rates of infection. In
addition, the type of procedure involved in the analyses
dramatically affects the rate of infection.

More extensive surgeries, and surgeries with longer
operative times, are associated with an increased risk for
postoperative infection. For example, the risk for infec-
tion after lumbar discectomy is less than 1%, but this
rate increases to 1.5% to 2% with decompression.’-!422
The rate of infection for noninstrumented fusions has
been reported to range from less than 1% up to 5%,'422
whereas the rate with the addition of instrumentation
increases to 1% to 7%.78:11.121416.17 Along with instru-
mentation, a posterior approach has been shown to be
a risk factor for postoperative infection.>!!:!>23 In a
retrospective study, Levi and colleagues'! found a 3.8%
infection rate in posterior instrumentation cases but no
infections in anterior instrumentation cases.

Type of bone graft used for fusion—irradiated allograft,
nonirradiated allograft, or autograft—was not found to
be a significant risk factor for infection.?* In addition,
cervical spine operations have been shown to have a
decreased risk for infection compared with lumbar opera-
tions (odds ratio [OR], 0.3).2° Anterior cervical spine
procedures demonstrate an extremely low postoperative
infection rate, about 0.1%.2° When an infection occurs, it
should be assumed, until proved otherwise, that there has
been an iatrogenic esophageal injury; appropriate consul-
tation should be obtained, and a workup done.?’

Other surgical risk factors for infection include
extended preoperative hospitalization, larger number
of levels to be fused, extension of fusion to sacrum,
prolonged surgery, tumor resection, high volume of
operating personnel, staged procedure, and revision
procedure>!>18-20.22.26:29 (Table). Excessive blood loss
has repeatedly been found to elevate the infection risk;
patients with an initial postoperative hemoglobin level
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Figure 1. Disk and epidural abscess after discogram in 56-year-
old patient.

of less than 8 g/dL are 6 times (OR, 6.37) as likely to
develop a surgical site infection.?>3* In addition, more
extensive surgical procedures are at higher risk for post-
operative infection.?*31:32 Veeravagu and colleagues'”
confirmed this finding in a review of 24, 775 patients.
They noted a progressively higher infection risk the lon-
ger the operation, relative to under 3 hours: 3 to 6 hours
(OR, 1.33) and more than 6 hours (OR, 1.40).
Patient-related factors, or preoperative comorbidi-
ties, significantly influence the likelihood of developing
postoperative spinal infections. Poor preoperative nutri-
tional status may be one of the strongest risk factors,
as malnourished patients are more than 15 times more
likely to acquire an infection after spinal procedures.?3
Given this significant risk, if a patient is to undergo an
elective major spine reconstruction, a thorough nutri-
tional workup should be undertaken with correction of
these deficits before proceeding. Staged spinal surgeries
have been shown to have an additive risk for malnutri-
tion.3*3% Perioperatively, patients who have undergone
large spine reconstructions should have an in-hospital
nutrition consultation with initiation of enteral feeding,
if possible, and total parenteral nutrition if unable to
tolerate enteral feeds.333¢ Similarly, other immunocom-
promised states predispose patients to more frequent
and more severe postoperative infections.?>37 Alcohol
abuse, IV drug use, steroid use, malignant processes,
rheumatoid arthritis, smoking, and diabetes mellitus
have all been reported as risk factors for postoperative
spinal infection.!>2223.26.38.39 Eyrthermore, the immu-
nocompromised state related to diabetes predisposes
patients to becoming infected with uncommon organ-
isms.*043 Because of this significantly increased infec-
tion risk in patients with diabetes, perioperative glucose
control is crucial, as elevated serum glucose levels both
before surgery (>125 mg/dL) and after surgery (>200
mg/dL) are independent risk factors (OR, 3.3).20

www.amjorthopedics.com

Figure 2. (A) Magnetic resonance imaging shows osteolysis, of
concern for possible infection, in patient 6 weeks after trans-
foraminal lumbar interbody fusion with bone morphogenetic
protein 2. (B) By 4 months after surgery, osteolysis had resolved
with resultant fusion.

Other patient risk factors associated with infection are
obesity, previous infection, older age, higher American
Society of Anesthesiologists class, and postoperative
incontinence,>!318:19:22.23.26.28,39.44 Qimjlarly, prior spinal
surgery or local radiation to the operative field may also
compromise local wound healing.'> Other less important
factors contributing to the risk for postoperative spinal
infections are history of trauma and presence of a neuro-
logic deficit.*>*¢ Complete neurologic injuries predispose
patients to other sources of infection, such as urinary
tract infections, pneumonia, and decubitus ulcers, which
can hematogenously seed the surgical site.*’

MICROBIOLOGY

Experience reported elsewhere indicates that
Staphylococcus aureus is the most common pathogen
cultured from postoperative spinal infections, followed by
Staphylococcus epidermidis.'*'> Most infections involve
only S aureus, though infections with Gram-negative
organisms in conjunction with Gram-positive organisms
do occur at less frequent rates.!#132!

PROPHYLACTIC MEASURES

Antibiotics
Most surgeons routinely administer prophylactic antibi-
otics in patients undergoing spinal surgery, though the
evidence supporting this practice is somewhat limited.
Others have argued that prophylactic antibiotic therapy is
unwarranted in certain spinal procedures and that unnec-
essary use of antibiotics may expedite the emergence of

antibiotic-resistant bacteria strains.
Several reports have supported use of prophylactic
antibiotics by demonstrating decreased rates of infection
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Figure 3. Deep infection (A) was removed during debridement (B-D) in 49-year-old patient.

in patients undergoing neurosurgical procedures, includ-
ing spinal operations. Malis and Savitz have repeatedly
advocated use of prophylactic antibiotics during neuro-
surgical cases.*®3! In a retrospective review, Horwitz and
Curtin reported decreased rates of infection in patients
receiving antibiotics compared with patients not receiv-
ing antibiotics before lumbar laminectomy.

Barker> reported a meta-analysis of 6 prospective
randomized clinical trials of prophylactic antibiotic
therapy during spine surgery. Although no individual
trial demonstrated a statistically significant effect of
prophylactic antibiotic therapy on infection rates, the
pooled analysis showed an OR of 0.37 (P<.001), indi-
cating efficacy for antibiotic prophylaxis. One of these
studies, by Rubinstein and colleagues,>* was the only
randomized clinical trial focused exclusively on spinal
surgery. The authors found a reduced rate of infection
after “laminectomy or discectomy” in patients who
received a single dose of cefazolin (4.3%) versus placebo
(12.7%). Although the difference was not statistically
significant, the study likely was not sufficiently powered,
and significance likely would be reached with a larger
study population.

First- or second-generation cephalosporins (eg,
cefazolin, cefuroxime) are the antibiotics of choice,
as they provide adequate coverage of Gram-positive
organisms, including S aureus and S epidermidis, 2 of
the most common causative agents. Patients colonized
or infected with methicillin-resistant S aureus (MRSA)
and patients with cephalosporin allergy should receive
a combination of vancomycin and gentamycin. The
addition of gentamycin not only increases bactericidal
potential but specifically provides penetration to the
disk, helping to prevent discitis.’! Patients who are at
low risk for MRSA and are scheduled for high-risk
procedures may benefit from MRSA screening in the
preoperative period.

A single parenteral dose of antibiotics should be
given during induction of anesthesia, approximately 30
minutes to 60 minutes before time of incision, to allow
for adequate tissue penetration. For prolonged surgical
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procedures, intraoperative doses of antibiotics (50% of
the initial dose) should be administered at intervals 1
to 2 times the half-life of the medication: every 4 hours
for cephalosporins and every 8 hours for vancomycin
and gentamycin. These antibiotics should be used judi-
ciously, particularly in patients with renal impairment.
Continuing prophylactic antibiotics for an extended peri-
od after surgery is not recommended. Takahashi and col-
leagues®® reported an inverse relationship with duration
of postoperative antibiosis and infection incidence. Their
findings also emphasize the importance of administering
antibiotics before, or at time of, anesthesia. Compared
with patients who received perioperative antibiotics,
patients who received antibiotics only after surgery had
the highest rate of infection, even though they received
antibiotics over the longest period (7 days). Although
many surgeons prefer to extend the duration of antibiotic
use to “cover” wound drains or lines, this practice is not
supported by any class I or IT evidence and increases the
risk for secondary infections with antibiotic-resistant
organismes.

The recommendations for antibiotic prophylaxis for
prevention of discitis are less established. No prospec-
tive randomized clinical trials have evaluated the effi-
cacy of prophylactic antibiotics in patients at risk for
developing discitis. The only requirement for antibiotic
choice is in vitro coverage against staphylococci. Several
pharmacokinetic studies have suggested that f-lactams
have poor penetration into the disk space, whereas other
antibiotics (aminoglycosides, clindamycin) achieve ther-
apeutic concentrations in the disk space.’®¢! Surgeons
may still use p-lactams based on their own positive
outcomes but should administer such medications at
maximal dosages. They may also use antibiotics that
have been found to penetrate the disk space (gentamy-
cin, clindamycin), despite the lack of clinical studies
advocating their use.?!

Irrigation and Drainage Systems
Despite advances in aseptic technique and innovations in
airflow systems, operating theater contamination of a sur-
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Table. Reported Risk Factors for
Postoperative Spinal Infections

Surgery related

Staged procedure

Revision procedure

Prolonged operative time

High volume of moving operating room personnel
Instrumentation

Posterior approach

Lumbar spine

Tumor resection

Excessive blood loss

Patient related

Advanced age (>60y)

Higher American Society of Anesthesiologists class
Obesity (higher body mass index)
Smoking

Immmunosuppression

Diabetes

Perioperative glucose control
Rheumatoid arthritis

Previous surgical infection

Infection at remote sites

Previous spine surgery

Alcohol abuse

Steroid therapy

Poor nutritional status

Acute spine injury (trauma)
Postoperative incontinence

Complete neurologic deficit
Prolonged preoperative hospitalization

gical wound remains a concern in all surgical procedures.
In spine surgery, extensive and prolonged exposure of
the posterior spinal structures places these procedures at
increased risk for surgical site infection. Several surgeons
use irrigation solutions and wound drainage systems in an
effort to minimize the risk for infection.

In a randomized controlled trial, researchers com-
pared the efficacy of prophylactic antibiotics versus
wound irrigation with povidone-iodine in patients who
underwent lumbar disk surgery.%’> Povidone-iodine irri-
gation had a statistically significant benefit in terms of
reduced incidence of postoperative surgical site infec-
tion. However, the study did not control for physical
cleansing of wounds. Saline lavage has been reported to
reduce the number of colony-forming units in wounds
by approximately 30%.% Some authors have suggested
wounds are effectively decontaminated after irrigation
with dilute (40 ppm) aqueous elemental iodine.>! The
effect that even this small amount of iodine has on tis-
sues remains unclear. In vitro and animal studies have
well described the inhibitory effects of iodine on osteo-
blasts and fibroblasts, while a prospective study of 244
cases found no significant difference in fusion rates and
wound healing between iodine and saline irrigation.%4-6°

Several authors have evaluated the efficacy of anti-
biotic-containing saline solutions in the prevention of
surgical site infections. Malis*® reported on irrigation
with saline that contained streptomycin and use of
prophylactic IV vancomycin and gentamicin, and Savitz
and colleagues® described irrigation with polymyxin
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and bacitracin and prophylactic I'V cefazolin. Both stud-
ies reported no postoperative infections, though the rela-
tive contribution of irrigation is difficult to ascertain, as
both studies used prophylactic I'V antibiotics.

The literature suggests that regular, frequent saline
irrigation may have efficacy in preventing wound infec-
tion in spinal procedures, which require prolonged,
extensive exposure. Surgeons may supplement irriga-
tion solutions with iodine. Adding antibiotics to the
irrigation solution, though common practice for many
surgeons, lacks extensive support in the literature.?!
However, preclinical animal studies have yielded promis-
ing results for reducing postoperative infections with use
of intraoperative implantation with antibiotic micro-
spheres or with injection of antibiotic directly into the
tissue.*%7 In the only human study of prophylactic local
antibiotics, adding vancomycin powder to standard
systemic prophylaxis in elective spine surgery reduced
infection rates from 2.6% to 0.2%.68

Surgeons may place a closed-wound suction drain
(Jackson-Pratt) in an effort to reduce the incidence of
hematoma or infection at the surgical site, though this
practice has minimal support in the literature. Payne and
colleagues® reported that presence or absence of such
a drain did not affect the postoperative infection rate,
or the incidence of hematoma in patients who under-
went single-level laminectomy. Brown and Brookfield”?
reported on use of closed-wound suction after multilevel
decompression, decompression and fusion with and
without instrumentation, and reoperation decompres-
sion in the lumbar spine. In their randomized study,
they reported no infections or epidural hematomas in
patients who did or did not receive drains. Although
these studies suggest it may be reasonable to minimize
drain use, the decision to use a closed-wound suction
drain is at the surgeon’s discretion.

CLINICAL PRESENTATION

Increased pain and tenderness to palpation around the
surgical site are common clinical symptoms of a post-
operative spinal infection. Although some discomfort
from the incision and the muscle dissection is common,
clinicians should become more concerned about infection
if the discomfort intensifies or returns after a discomfort-
free period. Patients may present with systemic complaints
of fever, chills, or malaise, but not always. A retrospective
review of 2391 spinal procedures found that fewer than
one-third of the patients with a postoperative wound
infection were febrile at presentation.!* Conversely, most
fevers that occur after spine surgery have no identifiable
infectious focus.”! Wound discharge and wound dehis-
cence, or erythema, were the most common presenting
problems, each occurring more than 90% of the time.'4
Although rare, neurologic deficits may be seen secondary
to direct compression of neural elements.

It is important to consider that tight fascial closures
may allow deep-seated infections to fester without any
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obvious superficial manifestations. As a result, treat-
ing physicians must not dismiss this diagnosis simply
because an incision does not exhibit any drainage,
erythema, or other clinical signs of a superficial infec-
tion. Unfortunately, after surgery, there is often a delay
(mean, 15 days; range, 5-80 days) for a wound infection
to declare itself, so any clinical evidence of a spinal
infection warrants close monitoring or even presumptive
management. !4

DIAGNOSTIC STUDIES

Laboratory Studies

Given the inconsistency in presenting signs and symptoms
of postoperative spinal infections, laboratory studies may
be extremely helpful in establishing the diagnosis. White
blood cell counts may be elevated or within the normal
range in cases of spinal infections. Erythrocyte sedimen-
tation rate (ESR) and C-reactive protein (CRP) level are
both sensitive markers of infection, with CRP thought to
be more specific.** These laboratory indicators are nor-
mally elevated after spinal procedures. ESR, on average,
peaks 5 days after surgery and takes a slow, increasing
course before normalizing.”? It often remains elevated
longer than 21 days to 42 days after surgery. Along with
taking a more predictable course, CRP increases more
rapidly, peaking 2 days to 3 days after surgery, and nor-
malizes sooner, within 5 days to 14 days.”> Thus, these
laboratory studies must be interpreted in light of the nor-
mal alterations known to accompany any type of surgical
intervention. In any patient with a potentially infected
wound, obtaining a baseline laboratory profile may pro-
vide additional information supporting this diagnosis.
As these values would be expected to gradually return to
normal in an unaffected individual over time, an upward
trend or second rise should raise the level of suspicion for
an untreated spinal infection.

Imaging

Plain radiographs of the operated spinal segments should
be considered in any patient returning with symptoms
suggestive of postoperative infection in order to rule out
underlying abnormalities that might alternatively account
for the clinical presentation. These abnormalities include
early implant loosening, abnormal soft-tissue swelling,
and retained foreign body. Other, more subtle radio-
graphic findings are disk space narrowing and blurring of
adjacent endplates after only 2 weeks of infection.” This
occurs as proteolytic enzyme-producing pathogens, such
as S aureus, spread into the disk and adjacent-vertebra
endplates.”

In the absence of radiographic findings, cross-sec-
tional imaging, such as computed tomography (CT)
and magnetic resonance imaging (MRI), may be indi-
cated. CT provides excellent visualization of possible
bony involvement but is inferior to MRI in evaluating
infection in its early stages.”® MRI becomes especially
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helpful in assessing the spinal canal, including epidural
abscesses (Figure 1). The T -weighted signal of epidural
fat and connective tissue is commonly decreased, while
T,-weighted images are hyperintense. T,-gadolinium
sequences can illustrate the peripheral enhancement of
an epidural mass.””-’® For discitis, decreased bony signal
on T,-weighted images and increased bony signal on
T,-weighted images can be seen. In addition, there can
be gadolinium enhancement of vertebral endplates and
disk space, with sensitivity and specificity over 90%.79-82

Even with these advanced imaging modalities, the
diagnosis of a wound infection can be difficult to con-
firm, as deep perispinal fluid collections may not be able
to be differentiated from normal postoperative changes.
After surgery, there is some increased T,-weighted signal
and contrast uptake at the surgical site, and some non-
specific peripheral contrast enhancement may also be
seen. Artifact from instrumentation can further compli-
cate visualization of the surrounding structures. There
is an interesting new radiographic finding with use of
bone morphogenetic protein 2 (BMP-2), a very power-
ful inflammatory agent that can cause osteolysis of the
vertebral body, which is usually self-resolving (Figure
2). BMP-2 can appear as discitis or osteomyelitis of the
vertebral body on imaging studies.®? It can be differenti-
ated from true infection in that infectious indices are
often normal.

Cultures

Isolation of the infectious organism is paramount for
accurate and appropriate management of the infection.
Superficial wound cultures are usually not necessary and
are of limited use in the postoperative patient population
because they are at significant risk for contamination.
Blood cultures should always be drawn when a systemic
infection is suspected. If the etiology remains unclear or
improvement is not seen, a needle biopsy of the affected
area may be a reasonable option to access deep fluid
loculations that cannot be differentiated from postopera-
tive hematomas. Intraoperative cultures demonstrate the
highest sensitivity and specificity for confirming presence
of an active wound infection and identifying the pathogen
involved. For this reason, in cases of operative interven-
tion, a comprehensive set of wound cultures should be
obtained at time of surgery.

MANAGEMENT
Medical management of a suspected superficial postoper-
ative spinal infection may be considered in the absence of
a palpable abscess or fluid collection on imaging studies.®
It cannot be emphasized enough that management of any
wound infection with antibiotics alone requires extreme
vigilance on the part of the treating clinician in order
to rule out any disease progression or involvement of
deeper tissues. Response to medical management may be
monitored by assessing the superficial appearance of the
incision and by following ESR, CRP, and other labora-
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tory studies. Furthermore, it is imperative that the treating
clinician ensures adequate nutritional supplementation in
all patients with a suspected spinal infection.

The mainstay of managing postoperative spinal infec-
tions is open irrigation and debridement. If there is suf-
ficient clinical suspicion for a wound infection, this sur-
gical intervention should be performed immediately, on
a presumptive basis, and should not be delayed for con-
firmatory laboratory or imaging studies. The debride-
ment itself should be extensive, including exposure of
superficial tissues and exposure beyond the fascial layer.
Removal of all necrotic and devitalized tissue, both in
superficial layers and deeper muscle layers, is impera-
tive. Strategies for managing any instrumentation and
residual bone graft present in the operative field remains
a matter of some controversy. Many surgeons leave
spinal instrumentation in place, as the stability afforded
by internal fixation not only is essential for proper man-
agement of the underlying spinal pathology but also
facilitates fusion and resultant eradication of any infec-
tion. However, implant removal is preferable in cases of
clearly loosened instrumentation or delayed infection
with solid fusion. In addition, instrumentation removal
may be considered when infection does not resolve after
multiple debridements'! (Figure 3). In grossly infected
wounds, cement beads impregnated with tobramycin or
vancomycin, and placed on a suture or wire can be used
to obtain much higher doses of local antibiotics without
systemic side effects. These beads are typically left in
for approximately 3 days and then removed with repeat
debridement.®> Loose bone graft in the surgical site is
usually removed, whereas any material that adheres to
the surrounding bony structures is often left in place.

Many surgeons, having completed irrigation and
debridement, close the wound primarily over drains.
Before closure, the skin edges should be clean and
viable. Emphasis should be placed on obtaining a tight,
layered closure to minimize dead space. Alternatively,
a grossly infected wound may be left open for serial
irrigation and debridement, until there is no evidence
of contamination and cultures are negative, at which
point delayed wound closure may be performed. More
recently, various suction/irrigation and vacuum-assisted
closure (VAC) systems have been described; these sys-
tems may be of potential use in managing these infec-
tions.!1?>86-8% Spine wounds that do not heal, despite
adequate infection irradication and nutritional status,
may require flap coverage.®

Broad-spectrum antibiotics are typically initiated
after surgery. The regimen may be tailored to the results
of the intraoperative wound cultures. Antibiotic therapy
is routinely continued for at least 6 weeks, and any
subsequent changes in medical management are based
on the clinical response and laboratory profile of each
patient.

Management of postoperative discitis often begins
conservatively. Most patients with a suspected diagnosis
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of discitis respond favorably to spinal immobilization with
orthosis in conjunction with organism-specific antibiotics.
If discitis is suspected on the basis of laboratory studies
or imaging findings, blood cultures should be obtained
in an effort to identify a pathogen and guide antibiotic
therapy.”® If repeated blood cultures are negative, and if
the suspicion for discitis remains high, CT-guided needle
biopsy should be considered as a guide to antibiotic treat-
ment. If neither measure identifies a pathogen, broad-
spectrum antibiotics should be used.”! The duration of
antibiotic therapy varies, but a commonly administered
course consists of 6 weeks of IV therapy, followed by
6 weeks of oral antibiotics. White blood cell, ESR,
and CRP values should be used to monitor the clinical
response of the patient, particularly a patient with nega-
tive blood cultures.

If there is clinical evidence that the infection is wors-
ening, or if symptoms do not resolve after 6 weeks of
antibiotic treatment, open surgical intervention should
be considered. Surgical debridement usually involves
removal of the disk and aggressive anterior debride-
ment of necrotic tissue and bone. Reconstruction con-
sists of anterior autograft fusion without instrumenta-
tion and posterior stabilization with instrumentation.
Reconstruction has been described using a structural
autograft, allograft, or titanium cage with or without
anterior plate fixation, and posterior stabilization with
instrumentation.”?* In addition, BMP-2 has shown
promise in assisting with fusion in infection cases.”>%°
However, whether this is because of the inflammatory
nature of BMP-2 or the decreased time to fusion is not
clear. Minimally invasive techniques, such as percutane-
ous disk biopsy and debridement with possible fusion,
have been described.””?® These procedures have been
associated with favorable outcomes, though they are
associated with vascular complications in the thoracic
spine and are technically more difficult.?”-%

CONCLUSIONS
Although postoperative spinal infections are relatively
uncommon, a surgeon should maintain a high level of
suspicion for their occurrence and should be vigilant to
reduce their incidence. Risk factors such as diabetes and
malnutrition should be identified and minimized before
proceeding with surgery. Prophylactic systemic antibiot-
ics should be administered within 1 hour of incision on
the basis of the patient’s allergies. During the operation,
surgeons should be cognizant of the duration of the pro-
cedure, frequent irrigation, traffic in and out of the room,
redosing antibiotics, and good fascial closure. A high level
of vigilance should be maintained during the periop-
erative period with close inspection of the wound. There
should be a low threshold for obtaining further imaging
studies and necessary laboratory indices in patients with
a questionable infection. In patients with a clear infection,
early and aggressive debridement of the wound, includ-
ing skin, muscle fascia, and bone, should be undertaken.
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The hardware and bone graft are often left in place with
a course of culture-directed antibiotics. Resolution of the
infection is followed clinically, radiographically, and with
laboratory indices.
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