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38.1 Introduction

With modern surgical techniques and periopera-
tive antibiotics, spinal infection after surgery is
relatively uncommon. Certain patient and surgi-
cal treatments are however at higher risk, and
should be treated with extra caution. This chapter
will review the prevention, diagnosis, and treat-
ment of postoperative spinal infection.

38.2 Incidence and Risk Factors

The rate of infection following spine surgery var-
ies considerably based on the procedure per-
formed as well as patient factors. For example,
the infection rate following a lumbar diskectomy
has been reported to be 0.7 %, increasing to 1.4 %
with the use of a microscope [40]. In elective
instrumented cases, the reported rate of infection
increases to between 2.8 and 6 % [16, 20, 22, 29,
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37]. In addition to the baseline risk of infection
following surgery, additional risk is conferred to
patients that have a history of smoking, obesity,
diabetes, long-term steroid use, alcohol abuse,
prior surgical site infection, prior spinal surgery,
malnourishment, and a preoperative hospitaliza-
tion of >1 week [9, 21, 29, 49]. Patient age as a
risk factor has been a subject of debate. Some
studies have shown a higher infection rate in
older patients, while others show an equal infec-
tion rate among age groups [21].

The role of diabetes in the development of
postoperative infections has been investigated
thoroughly. Chen et al. demonstrated a relative
risk of 4.10 (95 % CI: 1.37-12.32) for developing
a postoperative surgical site infection (either deep
or superficial) in diabetic patients [12]. A history
of diabetes makes a patient susceptible to infec-
tion due to impaired tissue microvascularity, poor
antibiotic penetration [18], and immunosuppres-
sion secondary to impaired granulocyte function
[44]. In addition to these underlying impairments,
elevated pre- (>125 mg/dL) and postoperative
(>200 mg/dL) blood glucose levels have been
identified as an independent risk factor for the
development of a postoperative infection [33]. To
this end, tight control of perioperative blood glu-
cose levels is critical in preventing postoperative
surgical site infections in this patient population.

A history of prior surgical site infection is
another risk factor that has been described by
multiple investigators [1, 36, 50]. It is proposed
that the previous infectious organism may reside
in small quantities in the scar tissue caused by

501

DOI 10.1007/978-3-642-34126-7_38, © Springer-Verlag Berlin Heidelberg 2014



502

M. Murray and W. Hsu

prior procedures. The patient may have no signs
or symptoms of infection despite this bacterial
colonization. Consequently, the antibiotic sensi-
tivities of the prior infectious organism should be
considered when choosing a perioperative pro-
phylactic antibiotic in patients with prior surgical
site infections [36].

Surgery for spine trauma is associated with an
increased rate of infection compared with those
for other diagnoses. The rate of a postoperative
infection following trauma has been reported to
be upward of 10 % [7, 37]. The explanation for
this infection rate is believed to be multifactorial.
These patients are more likely to have spent time
in the ICU and have poor soft-tissue envelopes
secondary to significant soft-tissue trauma. They
often have a greater number of comorbidities and
may be more nutritionally compromised due to
their trauma-induced catabolic state [23]. Finally,
trauma patients with complete neurologic deficit
or cognitive impairment are at an even higher risk
of a postoperative infection [37, 43]. Further risk
factors specific to this population include multi-
ple levels of surgical involvement and delayed
surgical treatment of over 160 h [7].

In addition to patient-specific risk factors, the
operative plan and surgical technique may also
influence the chances of developing a postopera-
tive infection. Multiple studies have suggested that
the anterior surgical approach is associated with a
lower rate of postoperative infections when com-
pared to the posterior approach [26, 36]. This phe-
nomenon is hypothesized to be a result of enhanced
bacterial clearance due to superior venous and
lympbhatic drainage of the anterior spine. Therefore,
consideration should be made for an anterior sur-
gical approach if the same surgical goals can be
accomplished equally through either approach.

Intraoperative risk factors for infection have
been reported to include prolonged surgical
time and intraoperative blood loss in excess of
1 L [50]. Susceptibility to infection following
blood loss has been hypothesized to be due to the
association between significant blood loss and
subsequent non-autologous blood transfusion.
Non-autologous blood transfusions have been
hypothesized to cause a relatively immunosup-
pressed state in the recipient (termed transfusion-
associated immunomodulation (TRIM) [6]).

The patient may then become susceptible to an
increased risk of infection [4, 31, 46]. Therefore,
effort should be made to minimize blood loss
whenever possible and, thus, the need for non-
autologous transfusions.

38.3 Etiology

Postoperative infections may arise from either
direct inoculation of the wound or hematogenous
seeding. Infections caused by low virulence organ-
isms are thought to be due largely from direct
inoculation. These organisms are highly suscepti-
ble to clearance by the body’s immune system and
rarely spread hematogenously. However, virulent
organisms, such as Staphylococcus aureus, may
cause infection by either route. Staphylococcus
aureus has been demonstrated to be the most com-
mon causative organism in postoperative spine
infections. A study by Massie [29] showed that
Staphylococcus aureus was present in over 50 % of
the 22 cases of postoperative spinal infections that
were analyzed. Other isolated organisms included
Staphylococcus epidermidis (coagulase-negative
Staphylococcus), Peptococcus, Enterobacter cloa-
cae, and Bacteroides. Gram-negative organisms are
less commonly identified and are seen primarily in
trauma patients, especially those with neurologic
injury [37]. Polymicrobial infections may also
occur but are felt to be due to direct inoculation of
the wound as opposed to a hematogenous route.

38.4 Prevention

Prophylactic antibiotics have been shown to
decrease infection rates in all types of spine sur-
gery [5]. Since Staphylococcus aureus is the most
common offending organism in postoperative
infections, a first-generation cephalosporin such
as cefazolin is generally selected as the antibiotic
of choice. Cefazolin is effective against both
Staphylococcus aureus and Staphylococcus epi-
dermidis and reaches peak serum concentrations
quickly. For patients allergic to penicillin, clin-
damycin and vancomycin are viable alternatives.
If a patient is at high risk for methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin is
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frequently the prophylactic antibiotic of choice
[40]. The perioperative antibiotic should be
administered within 1 h of skin incision, and
cefazolin should be re-dosed if the surgical dura-
tion exceeds 4 h. It is also recommended that
antibiotics should also be re-dosed if the surgical
blood loss exceeds 1,500 mL, based on findings
of decreased tissue concentration of cefazolin in
settings of blood loss that exceeds that volume
[45]. Postoperatively, antibiotics should be given
for 24 h after closure.

Perioperative skin preparation products are
also utilized for infection prevention. For exam-
ple, in foot/ankle and shoulder surgery, ChloraPrep
(2 % chlorhexidine gluconate and 70 % isopropyl
alcohol, Enturia, El Paso, TX, USA) was found to
be superior to other cleansing products such as
DuraPrep and povidone-iodine scrub in terms of
reducing the cutaneous bacterial load [34]. Despite
encouraging evidence for chlorhexidine as a supe-
rior operative skin preparation, there has not been
any evidence to date, showing a decreased clinical
infection rate when used in spine surgery.

Other surgical techniques that have been pos-
tulated to reduce infection rates but not substanti-
ated by results include release of retractors at
least every 2 h, use of antibiotic irrigation, avoid-
ance of drains, and debridement of necrotic tissue
at the end of the case. The practice of shaving the
surgical site prior to surgery has been examined
and suggested to actually increase the rate of
postoperative surgical site infection [10].

38.5 Diagnosis
38.5.1 Clinical Presentation

Postoperative infections of the spine can be sepa-
rated into superficial and deep infections.
Superficial infections often present with pain,
erythema, edema, warmth, and occasional drain-
age at the surgical site. These infections are pri-
marily diagnosed by clinical evidence and are
frequently managed medically with antibiotic
therapy. However, it is essential that a deep infec-
tion is not overlooked.

Deep infections are often more challenging
to diagnose. Patients often will have indolent

Fig. 38.1 Clinical image of a deep infection of the lum-

bar spine associated with underlying myonecrosis
(Reprinted with permission from Sasso et al. [40])

infections which do not manifest acutely after
surgery. Fevers and other systemic symptoms
are often not present, and white blood cell counts
may not be elevated, particularly with indo-
lent infections. A persistently painful, draining
wound that does not respond to local wound care
and conservative measures is one clue to a deep
infection (Fig. 38.1). However, the superficial
appearance of the wound may appear benign due
to the deep nature of the infection and the multi-
layered closure. Therefore, when pain at the sur-
gical site is unexplained and does not decrease
as expected postoperatively, an infection must be
ruled out. Drainage from a seroma will be rela-
tively clear, possibly blood tinged, and with low
viscosity, whereas that from an infection will
likely be more copious, viscous, and may appear
purulent. Fluid aspiration and analysis has been
deemed particularly useful for the detection of
acute infections [43].

Patients suspected of infection must be evalu-
ated for constitutional signs of infection as well
such as a temperature reading over 39° centi-
grade. Furthermore, other signs such as chills,
sweats, malaise, lethargy, and mental status
changes should be noted. These signs warrant
urgent intervention as sepsis may lead to multiple
organ system failure and even death.

38.5.2 Laboratory Evaluation

As mentioned above, deep infections may exist
in the setting of a completely benign appearing
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surgical site. In these patients, the presence of
unexplained increasing pain at the surgical site
may be the only clinical finding. In the right clin-
ical setting, leukocyte count, ESR, and CRP
could aid the evaluation of these patients. An
elevated ESR and CRP warrant increased suspi-
cion for a postoperative infection; however, lev-
els must be considered in respect to their expected
postoperative values. ESR does not typically
return to baseline values until 6 weeks after sur-
gery, while CRP returns to baseline 2 weeks post-
operatively [40].

38.5.3 Imaging

In addition to clinical and laboratory evaluation,
imaging studies are often indicated and may be
useful in the diagnosis of a postoperative infec-
tion. Plain radiographs should be evaluated care-
fully as the subtle finding of osteolysis around
hardware may be suggestive of an infection.
However, in the early stages of infection, the
utility of plain radiographs is limited as radio-
graphic findings lag considerably behind clinical
Ssymptoms.

A CT scan may be performed to examine the
vertebral bodies as well as any possible dissolu-
tion of the end plates or disk space which may be
seen with a diskitis or vertebral osteomyelitis.
CT will also show increased detail of the instru-
mentation-bone interface. Evaluation of this
interface is critical as lucency surrounding instru-
mentation may be indicative of a postoperative
infection.

MRI is the most sensitive test for the detection
of a postoperative infection; however, findings
must be interpreted with caution because of the
expected inflammatory response from the surgi-
cal insult. Gadolinium contrast can help to
increase the sensitivity of the MRI by demon-
strating rim enhancement of a large fluid collec-
tion, progressive marrow changes, and ascending
epidural collections [24, 41].

While the diagnosis of a postoperative infec-
tion is challenging, adequate information can fre-
quently be obtained through clinical evaluation,
appropriate laboratory studies (including WBC,

ESR, CRP), and imaging studies. However, if the
laboratory studies and imaging are equivocal,
close observation with repeated studies as appro-
priate is recommended.

38.6 Postoperative Wound
Classification

Postoperative wounds may be classified by the
Thalgott et al. [47] modification of the Cierny
classification [13] for osteomyelitis. This staging
system takes into consideration the characteris-
tics of the infection (group 1: single organism,
group 2: multiple organism, or group 3: multiple
organism plus myonecrosis) as well as the clini-
cal status of the patient (class A: healthy, normal
immune system; class B: local or multiple sys-
temic diseases, including smoking; or class C:
immunocompromised or injury severity score
>18). Thalgott evaluated 32 patients with post-
operative infection and found 13 to be infected
with a single organism (group 1), 16 with more
than one organism (group 2), and two patients
with multiple organism and extensive myonecro-
sis. The average time to diagnosis was 23 days
(range 5-110 days). Most patients with single
organism infections (group 1) were successfully
managed with single irrigation and debridement
with closure over suction drains. Patients with
multiple organism infections (group 2) required
an average of three irrigation and debridements.
This study included two patients with group 3
infections. These were difficult to manage and
had much worse outcomes than the other two
groups. They required an average of six surgeries
(range 4-8), and both patients required flaps for
closure.

38.7 Management
38.7.1 Non-Instrumented Infections

38.7.1.1 Post-Procedural Diskitis

Percutaneous intradiskal —procedures have
become popular methods to both diagnose
and treat disk pathology. The rate of infection
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following these procedures has been reported to
range between 0.2 and 2.75 % [35, 42]. Clinical
manifestations of infection may not be obvious,
and suspicion must be heightened in patients
with unexplained increasing pain following the
procedure. Staphylococcus aureus is the most
common causative organism, but anaerobic
organisms have been isolated as well [39]. The
incision site is often benign appearing, and blood
cultures are generally negative. Serum markers
of inflammation including CRP and ESR may
be helpful, but an MRI is frequently indicated.
Findings on an MRI may be nonspecific, and a
biopsy is often indicated for definitive diagnosis
of an infection. After diagnosis, management
with culture-directed intravenous antibiotics and
bracing for comfort are generally effective [28].
Surgical intervention is primarily indicated only
for cases of failure of medical management and
development of neurologic deficit.

38.7.1.2 Post-Diskectomy Diskitis

Patients with a postoperative disk space infec-
tion may present with the isolated finding of
increasing or non-dissipating low back pain in
an otherwise uneventful postoperative course.
Persistent elevation of inflammatory markers
(ESR, CRP) may also assist in the diagnosis.
Imaging using MRI with gadolinium is often
performed and may show enhancement of the
disk space and adjacent bone marrow on T2
images (Fig. 38.2) and decreased signal from the
disk space on T1 images. Treatment of a postop-
erative disk space infection involves appropriate
fluid or tissue culture followed by the administra-
tion of intravenous antibiotics. Often, treatment
with antibiotics alone may resolve the infection
and result in an autofusion of the infected disk
space. Surgical indications include failure of
medical management (evidenced by progression
of infection on MRI), spread of the infection
into the spinal canal with abscess formation, or
neurologic deficit. Surgical intervention tradi-
tionally involves debridement of the disk space
from either an anterior or posterior approach.
Successful management has also been reported
with a posterior interbody fusion with instru-
mentation [25].

Fig. 38.2 A T2 weighted image of the lumbar spine
demonstrating increased signal within the disk space and
adjacent vertebral body. These findings are consistent
with a diskitis (Reprinted with permission from Sasso
et al. [40])

38.7.1.3 Postspinal Decompression
Postoperative infections following a spinal
decompression often cause subfascial abscesses
with or without associated disk involvement
or vertebral osteomyelitis. These subfascial
abscesses often do not respond adequately to
antibiotics, and surgical intervention is gener-
ally indicated. Culture of infected material and
debridement of infected necrotic material is
recommended. Intravenous antibiotics based on
culture results should be initiated. Intravenous
antibiotics are maintained for at least 6 weeks,
and consideration should be given to serial
debridements, particularly those with multiple
organism involvement, substantial myonecrosis,
and in immunocompromised patients. Timely
recognition and management of the infec-
tion is absolutely necessary in order to prevent
spread of the infection to the disk and vertebral
bodies.
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38.7.2 Instrumented Infections

38.7.2.1 Post-Instrumented Fusion
Deep infections that occur after instrumentation
of the spine are best managed surgically. The
goals of managing this type of infection are
identification of the offending organism, eradica-
tion of the infection, wound healing, and mainte-
nance of the structural integrity of the spine and
viability of the bone graft. In the operating room,
deep tissue gram stain and cultures should be
obtained prior to administration of intravenous
antibiotics. Cultures should be maintained for at
least 10 days in order to detect less virulent organ-
isms, including Propionibacterium acnes [38].

Meticulous debridement should be performed
at all layers of the wound, and all devitalized
material should be excised. Pulse lavage may be
used but should not be considered a substitute for
meticulous excision of necrotic tissue. In sub-
acute cases (<6 months from the time of surgery)
and in the absence of a virulent infection, an
attempt is made to retain instrumentation and to
revise or remove only instrumentation that is
found to be loose [48]. Stable hardware should be
left in place in order to prevent destabilization of
the spine. If loose instrumentation is identified,
titanium implants should be used for the revision
in the setting of infection. Titanium has been
demonstrated in an animal model to be associ-
ated with a lower infection rate following a bacte-
rial challenge when compared to steel [2]. The
efficacy of titanium in the setting of revision sur-
gery following a spinal infection is also supported
in multiple clinical studies [11, 17, 27]. The next
step in management depends on the results of the
intraoperative gram stain. If the gram stain reveals
no organism or a single organism, closure over
suction drains is a viable option. With a polymi-
crobial infection, consideration should be made
for multiple debridements until the infection has
been eradicated. With extensive myonecrosis,
repeat debridement at 48 and 72 h is highly rec-
ommended with repeat gram stain and cultures
taken at each debridement.

Wound closure in such cases of severe soft-
tissue necrosis may be accomplished by granula-
tion tissue from secondary intention, with/without

wound vacuum assistance, or coverage by local
muscle rotational flap. The use of a wound vac-
uum has been successful in patients with exposed
hardware and considerable tissue loss [3, 51].
Local muscle flaps have also been found to be
effective, providing increased vascularity and
soft-tissue coverage, thereby providing protec-
tion for underlying bone graft and instrumenta-
tion [15, 30]. Consideration for a plastic surgery
consult should be made for wound management,
particularly when substantial soft tissue is debri-
ded [15, 30]. Broad-spectrum antibiotics should
be started postoperatively until the intraoperative
cultures and organism susceptibilities have
returned. Culture-directed intravenous antibiotics
are maintained for at least a 6-week period.

Consultation with infectious disease is often
indicated for management of these difficult
infections. In addition, it is important to consider
the nutritional status of the patient. Laboratory
markers such as transferrin and albumin can
be monitored to assess the patient’s nutritional
state. For patients with substantial myonecro-
sis, intravenous hyperalimentation should be
considered.

In the setting of extensive infection or in
patients with late-onset of infection, antibiotics
and surgical irrigation and debridement may not
definitively eradicate the infection. Ho et al. dem-
onstrated that hardware was able to be retained in
97 % of patients presenting with infection within
6 months of surgery but only 59 % of patients
presenting >6 months of their index procedure
[19]. Bose suggested routine removal of hard-
ware in patients with a late presenting infection
[8]. However, he further commented that this
decision should be made on a case-by-case basis
and that if the infection is not communicating
with the hardware that an attempt can be made to
retain the hardware. If retention of the hardware
is attempted, but a patient fails serial debride-
ments, one must be prepared to abandon this
plan. The goal then becomes to delay removal of
the instrumentation until successful spinal fusion
has occurred. Intravenous antibiotic therapy may
be used to suppress the infection until a fusion
mass has solidified. Once the fusion mass is pres-
ent, removal of instrumentation should be then
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performed. However, postoperatively, the spine
should be monitored carefully for the increased
risk of spinal deformity following removal of
instrumentation [14, 32].

Conclusion

As with all spinal infections, diagnosis of a
postoperative infection begins with a detailed
history and physical exam, followed by appro-
priate blood tests and imaging. Spinal infec-
tions may be challenging as the definitive
diagnosis often remains unclear after these
diagnostic steps. In this case, a biopsy is indi-
cated. Once the diagnosis has been estab-
lished, treatment will vary depending on the
characteristics of the infection. Variables that
are considered in the treatment of all subtypes
of infection are the duration of infection,
organism, neurologic status, structural integ-
rity, and maintenance of spinal alignment.
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