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Summary Although uncommon, spontaneous and postoperative pyogenic spondy-
lodiscitis entail major morbidity and may be associated with serious long-term
sequelae. A review of the literature was done to advance our understanding of the
diagnosis, treatment, and outcome of these infections.

The principles of conservative treatment are to establish an accurate microbi-
ological diagnosis, treat with appropriate antibiotics, immobilize the spine, and
closely monitor for spinal instability and neurological deterioration. The purpose
of surgical treatment is to obtain multiple intraoperative cultures of bone and soft
tissue, perform a thorough debridement of infected tissue and decompression of
neural structures, and reconstruct the unstable spinal column with bone graft with
or without concomitant instrumentation. Appropriate management requires aggres-
sive medical treatment and, at times, surgical interventions. If recognized early and
treated appropriately, a full recovery can often be expected. Therefore, clinicians
should be aware of the clinical presentation of such infections to improve patient
outcome.
© 2010 King Saud Bin Abdulaziz University for Health Sciences. Published by Elsevier
Ltd. All rights reserved.
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Introduction

Spinal infections are an uncommon but important
clinical problem that often requires aggres-
sive medical and surgical management. The
spectrum of spinal infections includes discitis,
osteomyelitis, epidural abscess, meningitis, subdu-
ral empyema and spinal cord abscess. Only discitis
and osteomyelitis, usually occurring in conjunction
with one another, will be discussed here and thus
the term spondylodiscitis will be used in this review
when referring to these types of infections.

In this article, we will discuss the diagnosis,
treatment and outcome of spontaneous as well
as postoperative bacterial pyogenic spondylodisci-
tis. Spondylodiscitis due to brucella, mycobacterial
pathogens and fungi will not be covered.

Pathogenesis

Pathogenic organisms reach the spine hematoge-
nously through arteries or veins (via Batson’s
plexus), or by direct inoculation from a diagnostic
or a surgical procedure.

In children, isolated infection of the inter-
vertebral disc occurs initially with subsequent
involvement of the adjacent end-plates. The anas-
tomoses present between the equatorial and the
circumferential superficial metaphyseal arteries
gradually shrink, eventually atrophying by the age
of 15 years.
仅供科研和教学使用，使Cool 医库软件 资料仅供科

In adults, the subchondral spongy bone is sup-
plied by nutrients end arteries where a small septic
embolus may lodge in the setting of bacteremia
and begin to proliferate leading to bone infarct and
subsequent osteomyelitis. The spread of infection
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o adjacent vertebral bodies occurs through bridg-
ng anastomotic vessels from one metaphysis to
nother [1]. After the infection settles into the sub-
hondral space, it usually spreads contiguously into
he disc, causing both an osteomyelitis and disci-
is. The infection can then spread across the disc
nto the adjacent contiguous end-plates [2]. Unlike
pontaneous spondylodiscitis in the adult popula-
ion which originates in the vertebral body and
econdarily invades the disc space, postoperative
r iatrogenic spondylodiscitis is caused by direct
nvolvement of the disc space.

yogenic spontaneous spondylodiscitis

yogenic spontaneous spondylodiscitis is often the
esult of hematogenous spread from either the
kin, respiratory tract, genitourinary tract, gas-
rointestinal tract or the oral cavity, giving rise
o bacteremia [3—5]. In adults, the disc is avas-
ular and the organisms invade the end-arterial
rcades in the metaphyseal region adjacent to the
isc. The infection then spreads by direct exten-
ion with rupture of the infective focus through
he end-plate into the disc. It may extend from
he vertebral body to the subligamentous paraver-
ebral area, the epidural space, and contiguous
ertebral bodies [6]. In around 5% of patients, a
istory of blunt trauma to the spinal column can
e elicited. Approximately 37% of pyogenic sponta-
eous spondylodicitis will not have an identifiable
ource [7].
6 G.S. Skaf et al.
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The common organisms include Staphylococcus
ureus and streptococcus species and in intra-
enous drug abusers Gram-negative bacilli are
requently isolated. Mycobacterium tuberculosis,
ungal infections and parasitic infestations are
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yogenic spondylodiscitis

ncommon but are usually seen in immunocompro-
ised patients [3].

pidemiology

he incidence of acute hematogenous nontuber-
ulous vertebral osteomyelitis is estimated to be
—5.3 per million patients per year with a male pre-
ominance. A study from France reports an annual
ncidence of spondylodiscitis of 2.4 per 100,000
erson-years that almost triples for ages older than
0 years [8]. However, some studies suggest that
his incidence is rising, possibly due to an increase
n the rate of nosocomial infections associated
ith vascular devices and other forms of instru-
entation [9] and to an increasing prevalence of

ntravenous drug abuse [10]. Prompt and aggres-
ive management of central line bacteremias can
educe the incidence of paraspinal and vertebral
nfections [11]. Males are more commonly affected
han females in the ratio of 2:1 for unknown rea-
ons. The average age at clinical presentation is
n the fourth to fifth decades. The most common
evel of involvement is in the lumbar spine, fol-
owed by the thoracic, cervical and sacral levels
12]. Involvement of the cervical spine occurs in
.5% of spinal infections, whereas thoracic involve-
ent has been reported to occur in 35% of cases

13].

linical presentation

apico and Montgomerie reported that 50% of
atients had symptoms lasting for greater than 3
onths before the diagnosis is established [13].

n this same series, pain was present in 90% and
ever in only 52% of patients; however, chills or
ever spikes were rare. Pain, which is the pre-
ominant symptom, is generally localized to the
pine, exacerbated by movement and may radi-
te to the abdomen, hip, leg, scrotum, groin or
erineum [14]. Radicular symptoms are present in
0—93% of cases [15]. Paravertebral muscle tender-
ess and spasm, and, limitation of spine movement
epresent the predominant signs in patients with
pondylodiscitis. Neurologic complications such as
pinal cord or nerve root compression and menin-
itis occur in approximately 12% of patients [12].
he progression of spinal pain to radicular signs
ollowed by weakness and paralysis suggests the
ormation of an epidural abscess [16] or a kyphotic
仅供科研和教学使用， Cool 医库软件 资料仅供

ollapse of the infected level. Eismont et al. found
hat sensory involvement is rare whereas motor
nd long-tract signs are more common because of
ainly anterior cord compression [17].
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aboratory findings

he white blood cell count (WBC), often nor-
al, may be elevated in 35% of patients but

arely exceeds 12,000 cells/mm3. An elevation of
he erythrocyte sedimentation rate (ESR), although
on-specific, is usually seen in almost all cases of
pondylodiscitis. The ESR is usually above 40 mm/h
n admission with a mean value of 85 mm/h (nor-
al value 0—20 mm/h). With appropriate medical

reatment, a progressive decline of the ESR is usu-
lly encountered [18]. Rath et al. have reported
hat the C-reactive protein (CRP), although non-
pecific, may be a more clinically useful index than
he ESR, and should be used to follow the course of
he disease [19].

Blood, urine and focal suppurative processes
hould be cultured. Blood cultures may be positive
n approximately 50% of patients and are helpful
n guiding the choice of antimicrobial therapy. An
ttempt should always be made to obtain direct cul-
ures from the involved vertebral body and/or the
isc space if an organism cannot be identified by
ess invasive culture techniques. Computed tomog-
aphy (CT) or fluoroscopy directed percutaneous
eedle biopsy can be performed. Needle biopsy
nder CT guidance is reported to be safe and pre-
ise with a diagnostic accuracy rate ranging from
0% to 100% whereas open biopsies are diagnostic
n more than 80% of patients [20]. In a review of
pinal infections, Razak et al. showed an accuracy
f 93.3% in open biopsy techniques [21]. However,
he higher sensitivity of open biopsy is mitigated
y higher associated morbidity [7]. Non-culture
mplification-based DNA analysis is also highly sen-
itive and specific. It can complement standard
icrobiologic methods for identifying the cause

f infectious spondylodiscitis and contribute to
pecies-specific therapeutic orientation in patients
ith negative blood and disc aspirate cultures [22].
henever possible, antibiotics should be held until

ultures have been obtained. In addition to bacte-
ial cultures, cultures for fungi and mycobacteria
hould be obtained in cases where there is a higher
uspicion for such infections based on a subacute
resentation and a negative gram stain and bacte-
ial culture.

icrobiology

polymicrobial cause is unusual in pyogenic spon-
使用者请于24小时内自行删除科研教学

aneous spondylodiscitis and accounts for no more
han 2.5% of the total number of cases. However,
olymicrobial infections are much more com-
on in sacral osteomyelitis (including anaerobic
athogens) related to a contiguous spread of infec-
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Table 1 Bacterial etiology of pyogenic spontaneous
spondylodiscitis.

Percentages

Gram-positive aerobic cocci
Staphylococcus aureus 57
Streptococcus pyogenes 4.1
Coagulase-negative staphylococci 3.4
Other streptococci 2.0
Enterococcus spp. 0.7

Gram-negative aerobic bacilli
Escherichia coli 10.5
Proteus spp. 6.7
Pseudomonas aeruginosa 5.7
Klebsiella pneumoniae 1.8
Enterobacter spp. 1.8
Salmonella spp. 1.8
Serratia marcescens 0.5

Anaerobic bacteria
Propionibacterium spp. 2.0
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tion from pressure ulceration. The main causative
organism of pyogenic spontaneous spondylodisci-
tis is S. aureus [23]. Although its incidence
remains quite low in spontaneous pyogenic spondy-
lodiscitis, MRSA should be thought of in some
settings, such as in patients from highly endemic
countries like the United States, or those with
prior colonization or infection with MRSA [24].
Staphylococci are followed in frequency by Gram-
negative bacilli 4—30% of pyogenic cases) and
streptococci/enterococci (5—30%). Gram-negative
bacilli such as Escherichia coli, Proteus spp. and
Pseudomonas spp. are often seen in association
with immune deficiency, diabetes, intravenous
drug use, and following procedures or infections
involving the genitourinary and gastrointestinal
tracts. Bacteria with low virulence such as
Staphylococcus epidermidis and viridans strepto-
cocci may cause particularly indolent infections
[25].

Anaerobic infections may account for 3% of
axial skeleton infections. They are more common
in diabetic patients and are caused mainly by
Bacteroides spp., Peptococcus spp., and Propioni-
bacterium acnes [8]. P. acnes was initially described
in association with spinal fusion surgery but has
been increasingly reported in native infections.

Unusual causative pathogens include Salmonella
typhi and paratyphi, Bartonella henselae, Clostrid-
ium perfrigens, Coxiella burnetii, Capnocytophaga
canimorsus, Echinococcus granulosus, Actinomyces
israelii, Nocardia spp., Candida spp., Cryptococ-
cus neoformans, and Scedosporium apiospermum.
Incriminated bacterial pathogens are summarized
in Table 1.

Radiographic evaluation

Routine radiographs of the spine
It may take as long as 3—6 weeks after the onset
of symptoms for definitive bone destruction to
become evident [26]. The first radiographic sign of
infection is irregularity of the vertebral end-plate
of the infected level. As the infection progresses,
the erosion of the end-plate and adjacent bone
becomes more prominent, leading to narrowing of
the disc space, segmental collapse, loss of lor-
dosis and structural deformity. After a variable
period of time, bone regeneration occurs with vis-
ible reactive sclerosis as new woven bone replaces
necrotic trabeculae (8—12 weeks) [27]. Widening
仅供科研和教学使用，使Cool 医库软件 资料仅供科

of the paravertebral space due to expansion of
the inflammatory process outside the disc causes
displacement of the paravertebral line on routine
frontal radiographs. Successful treatment will usu-
ally produce fusion across the disc space while total
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Bacteroides fragilis 0.5
Peptostreptococcus spp. 0.5

Reproduced with permission [16].

ertebral collapse can occur when there is no ther-
peutic intervention.

adionuclide bone imaging studies
adionuclide bone scanning with technetium-99m
yrophosphate is highly sensitive, yielding posi-
ive findings within the first 1—2 days of infection.
either in vitro labeled leucocyte scintigraphy
or 99mTc-anti-granulocyte antibody scintigraphy
s especially useful, because of the frequency
ith which spinal infection presents as a non-

pecific photopenic area on these tests. Sequential
one/gallium imaging and 67Ga-SPECT are cur-
ently the radionuclide procedures of choice for
pinal osteomyelitis. The drawbacks of these tests
nclude low specificity, poor spatial resolution, and
engthy procedure time. Fluoro-2-deoxy-D-glucose
FDG) PET is a promising technique for diag-
osing spinal infection and has several potential
dvantages over conventional radionuclide tests.
he procedure can be completed in a single ses-
ion and is characterized by high sensitivity and
uperior image resolution compared to single-
hoton-emitting tracers [28]. In addition, a recent
tudy found that PET/CT is more effective than
agnetic resonance imaging (MRI) in distinguishing
etween tuberculous and pyogenic spondylitis [29].

The specificity of bone scintigraphy is in the
用者请于24小时内自行删除研教学

ange of 75—80%. Single Positron Emission Com-
uted Tomography (SPECT) has slightly better
pecificity [30]. Specificity can be increased by
sing indium-labeled leucocytes. All these modal-
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yogenic spondylodiscitis

ties are of very limited use with the availability of
RI.

omputed tomography (CT) scanning
T scan is valuable in the assessment of septic

nvolvement of bone and soft tissue [31]. It is a par-
icularly useful tool for surgical planning and has
urther facilitated the performance and improved
he yield of biopsies from the spine and adjacent
hlegmons. In fact, diagnostic failure of needle
iopsy is not uncommon and a second CT-guided
iopsy or a surgical (open) biopsy is advisable. The
ones of end-plate erosion are usually more obvi-
us on CT than on routine radiographs, and are seen
arlier in the course of the disease.

agnetic resonance image (MRI) scanning
RI has a higher sensitivity than the bone scan
nd became the gold standard in the evaluation of
yogenic spondylodiscitis. The findings on MRI are
haracteristic and occur early in the disease. MRI
as found to have a sensitivity of 96%, a specificity
f 92%, and an accuracy of 94% in the diagnosis of
pondylodiscitis [32].

The postinflammatory phase is histologically
haracterized by the presence of vascularized
brous tissue, fat bone marrow transformation,
仅供科研和教学使用， Cool 医库软件 资料仅供

ubchondral fibrosis and osteosclerosis. These
hanges are clearly demonstrated by MRI. More-
ver, MRI can be used for monitoring of the
herapeutic response during the course of spinal
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igure 1 (a) T1-weighted sagittal image shows decreased s
resence of an epidural collection that extends from the mid-
ddition, there is evidence of a paravertebral fluid collection
rom the inferior third of C2 to the level of C7-T1 disc spac
ncreased signal intensity from C4, C5 and C6 vertebral bodies
ntervertebral disc and evidence of an epidural collection at
9

nfection [33]. MRI appears to give the correct
iagnosis or suggest pyogenic spondylodiscitis as a
ossible diagnosis in 55% and 36% of cases, respec-
ively in patients who present with less than 2
eeks of symptoms. After 2 weeks, the percent-
ge of correct and possible diagnosis of pyogenic
pondylodiscitis is reported to be 76% and 20%,
espectively. The earliest MR abnormalities are
aused when edema and inflammatory cells infil-
rate the vertebral body and disc space. The MR
ignal within the bone becomes diminished causing
arkening of the marrow on T1-weighted images
Fig. 1a) and brightening of the marrow on T2-
eighted sequences (Fig. 1b). The intervertebral
isc will also become bright on T2-weighted images
ecause of the increase in overall water content.
1-weighted scans performed following the intra-
enous infusion of gadolinium-diethylene-triamine
entaacetic acid (Gd-DPTA) contrast agents may
how enhancement at the end-plate—disc interface
airly early in the course of the infection (1—2
eeks) (Fig. 2). Enhancement will spread away

rom the disc as the destructive process progresses.
at signal-suppressed sequences correlate closely
ith T2-weighted images, showing increased sig-
al intensity within the involved marrow [34].
使用者请于24小时内自行删除科研教学

ollow-up MR images for the assessment of the ther-
peutic response as MRI scans ordered in patients
esponding well clinically often give conflicting
esults.

ignal intensity from C4, C5 and C6 vertebral bodies and
aspect of C4 to the inferior aspect of C5 (large arrow). In
along the anterior aspect of the cervical spine extending
e (small arrow); (b) T2-weighted sagittal image shows

. This is associated with increased signal from the C4—C5
C4—C5 disc space level (arrow).



资料来自互联网，edi 

10 G.S. Skaf et al.

Figure 2 (a) T1-weighted sagittal image without gadolinium shows C3 and C4 vertebral bodies as well as their posterior
corresponding elements with diffusely decreased signal intensity (arrow), with complete loss of the corresponding disc
space associated with collapse of the lower end-plate of C3 and upper end-plate of C4, causing focal kyphosis of
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the cervical spine at that level, and evidence of spinal co
gadolinium, respectively show significant enhancement in
space at the C3—C4 levels (small arrow).

Differential diagnosis

The differential diagnosis for adults present-
ing with back pain includes degenerative or
metastatic spinal disease, disc herniation, ver-
tebral compression fracture, and inflammatory
spondyloarthropathies such as ankylosing spondyli-
tis or reactive arthritis [25].

The differential diagnosis of pyogenic spondy-
lodiscitis includes inflammatory, neoplastic, degen-
erative or granulomatous processes [16]. Inflamma-
tory diseases such as pyelonephritis, appendicitis,
abdominal abscesses and bowel infarction may
have a similar clinical presentation to spondy-
lodiscitis. Tumors of the spine, whether primary or
仅供科研和教学使用，使Cool 医库软件 资料仅供科

metastatic, can occasionally simulate the radiolog-
ical picture of infection. In general, however, spinal
infections involve the disc whereas neoplasms
involve the vertebrae and spare the disc. Degen-

C

T
t

ompression; (b) T1-weighted sagittal/axial images after
nterior soft tissue (large arrow) as well as in the epidural

rative diseases including disc herniation with disc
pace collapse, desiccation, bulge, end-plate ero-
ion, or annular tear on MRI and osteoporosis
ith vertebral collapse also should be considered.
ifferentiating a pyogenic spodylodiscitis from a
ranulomatous etiology such as tuberculous infec-
ion can often be difficult, especially if cultures
re negative. Other nontuberculous granulomatous
nfections involving the spine have been reported
nd must be considered in the differential diag-
osis, including brucellosis, aspergillosis, candida
ropicalis, blastomycosis and coccidioidomycosis
35].
用者请于24小时内自行删除研教学

omplications

he associated complications vary with the level of
he spine involved and are related to the exten-
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cle spasm, limitation of movement and evidence
of neurological deficit; (4) laboratory studies that
include ESR, WBC, blood cultures, purified pro-
tein derivative (PPD) test, CRP and direct cultures
through fine needle or open biopsy; and (5) imaging
studies.

The treatment of pyogenic spontaneous spondy-
lodiscitis is either conservative or surgical. The
goals of treatment should be to relieve pain,
prevent or reverse neurologic deficits, eradicate
infection, prevent relapse, and establish spinal sta-
bility.

Conservative treatment
The principles of conservative treatment include:
(a) establishment of an accurate microbiolog-
ical diagnosis; (b) treatment with appropriate
antibiotics; (c) spinal immobilization; (d) careful
monitoring for clinical and radiographic evidence
of spinal instability and progression of infection or
neurological deterioration.

While awaiting laboratory and culture confir-
mation of infection, the spinal column should be
immobilized. Specimens for microbiological stud-
ies should be taken from the portal of entry, and
blood should be collected on three separate occa-
sions for blood cultures, if possible during fever
spikes or chills, after discontinuing any antipyretic
agents. When these tests are negative, a percuta-
neous biopsy of the affected disc is in order. Blood
cultures should be obtained routinely after the pro-
cedure [39].

Antimicrobial treatment should not be started
until the organism is identified, except when clin-
ical circumstances dictate otherwise, for instance
in patients with neutropenia or severe sepsis [40].
The patient should be started on empiric broad
antibiotic therapy based on the clinician’s best
assessment of the likely organism(s) [41], as well
as the patient’s risk factors (Table 2). Once an

Table 2 Likely offending organisms in pyogenic
spontaneous spondylodiscitis, based on the patient’s
clinical history or physical findings.

Infection Bacteria

Skin infection Staphylococcus aureus
IVDA Pseudomonas aeruginosa
Genitourinary tract

infection
Escherichia coli/Proteus spp.

Respiratory tract Streptococcus pneumoniae
yogenic spondylodiscitis

ion of the process to the surrounding tissues.
nfections of the cervical spine can occasionally
ead to a pharyngeal abscess whereas thoracic
pine infection can be complicated by mediastini-
is. Epidural abscess (Fig. 1b), subdural abscess,
eningitis, loss of lordosis, segmental collapse with

ubsequent spinal instability and progressive neuro-
ogical impairment may complicate spondylodiscitis
nvolving any level (Fig. 2).

Epidural abscess is a serious complication,
ffecting 4—38% of cases of spontaneous spondy-
odiscitis. Chronic illness and diabetes increase the
isk of epidural extension, which usually occurs in
he anterior aspect of the canal, spreading from the
osterior parts of the vertebral body and disc space.
RI with contrast can differentiate between epidu-

al granulation tissue and an epidural abscess [36].
pidural abscess carries a poorer prognosis than
pidural granulation tissue. In one study, the rate
f epidural extension complicating spondylodiscitis
as 90% in the cervical spine, 33.3% in the thoracic

pine and 23.6% in the lumbar spine, suggesting that
pondylodiscitis affecting more cephalad regions of
he spine carries a significantly increased risk of
econdary epidural abscess. In addition, cephalad
evels of involvement are more prone to the devel-
pment of serious neurological deficit.

The long-term sequelae of vertebral osteomyeli-
is have recently been evaluated. There was a 33%
ate of spinal dysfunction and only a 3% rate of
evere dysfunction a median of 5.4 years after
reatment. Neurological deficits, at least 8 weeks of
elay in diagnosis, and chronic debilitating diseases
ere identified as predictors of worse outcome.

rreversible paralysis may still affect 4—22% of
atients with SEA (spinal epidural abscesses). Long-
erm rehabilitation is often necessary [8]. The
ortality rate has been reported in a range of

—20% for vertebral osteomyelitis; it is around 5%
or SEA.

anagement and outcome

pondylodiscitis is usually not recognized at an
arly stage, when the treatment is simple and
ffective, due to the non-specific nature of the
ymptoms at the onset of the disease. Early diag-
osis is based on a high level of suspicion with
mphasis on the following: (1) existing infec-
ious focus; (2) presence of risk factors such
s increased age, diabetes mellitus, rheumatoid
仅供科研和教学使用，使用者请于24小时内自行删除 Cool 医库软件 资料仅供科研教学

rthritis, steroid use, ethanol abuse, immunosup-
ression, intravenous drug abuse (IVDA), infectious
ndocarditis, and history of recent surgical or inva-
ive diagnostic spinal procedure [7,17,37,38]; (3)
ever, localized spinal pain with paravertebral mus-

infection
Alcoholism Klebsiella pneumoniae
Acute endocarditis Staphylococcus aureus
Subacute endocarditis Streptococcus spp.
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Table 3 Antimicrobial treatment in pyogenic spontaneous spondylodiscitis.
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organism has been identified, directed antibiotics
should be administered intravenously (Table 3).
Studies have reported that the incidence of treat-
ment failure was higher when parenteral therapy
was administered for less than 4 weeks [13,17].

Roblot et al. assessed the risk of vertebral
osteomyelitis relapse and verified that this risk was
not enhanced in patients who received 6 weeks
of antibiotic therapy as compared with those who
received a longer treatment (>6 weeks). Their
results suggest that antibiotic therapy of verte-
bral osteomyelitis could be safely shortened to 6
weeks without enhancing the risk of relapse; how-
ever the follow-up of patients was only 6 months
post-treatment [42]. The optimal total duration
of antimicrobial therapy is unclear. In observa-
tional studies, treatment for less than 4 weeks
[43], or 8 weeks [44] was associated with a marked
increase in recurrence rates compared to treat-
ment for longer than 12 weeks (>14%, 10%, and
>15%, respectively, compared to 3.9%) [40]. Given
that the diagnosis of pyogenic discitis and vertebral
osteomyelitis is usually delayed, with a mean time
from symptom onset of 6—7 weeks, Grados et al.
suggested that antimicrobials should be given for at
least 12 weeks, as recommended for chronic bone
infections [40].

A useful measure of successful treatment is the
仅供科研和教学使用，使Cool 医库软件 资料仅供科

CRP level. It is our practice to treat with par-
enteral antibiotics for 6 weeks (or longer) followed
with oral antibiotics for an additional 4—8 weeks,
according to the patient’s response. If stable, the

o
e
(
c
o

atients can be discharged home on IV antibi-
tics. When switching to oral therapy, high doses
f antimicrobial agents should be used to ensure
igh levels in the bone. The choice of the antibiotic
hould depend on drugs with high bioavailabil-
ty. Associated medical problems such as diabetes,
enal failure and poor nutritional status require
areful management to achieve a successful clinical
utcome.

The role of bed rest and spinal immobilization
re also very important, especially when there has
een vertebral destruction. Cervical lesions should
ave collar or halo immobilization. Thoracic or lum-
ar infections should be treated with bed rest until
ymptoms of pain and spasm have diminished. The
atient is then placed in a thoracolumbar sacral
rthosis (TLSO) for thoracic infections and a lum-
ar sacral orthosis (LSO) for lumbosacral infections.
pper thoracic lesions should have a TLSO with a
ervical extension. Spinal immobilization and activ-
ty restriction should be continued for 10—12 weeks
r until radiographic evidence of healing is present.

urgical treatment
he indications for surgical treatment are detailed

n Table 4. The principles of surgical treatment
nclude: (a) thorough debridement and removal
用者请于24小时内自行删除研教学

f infected tissue; (b) decompression of neural
lements; (c) restoration of spinal alignment; or
d) correction of spinal instability [31]. Surgi-
al strategies for pyogenic vertebral discitis and
steomyelitis are presented based on the litera-
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Pyogenic spondylodiscitis

Table 4 Indications for surgical treatment in pyo-
genic spontaneous spondylodiscitis.

1. Failure to respond to conservative therapy
2. Significant or progressive neurologic deficits
3. Large paraspinal abscess with local mass effect or

septic embolization
4. Significant osseous disease with involvement of

two adjacent vertebral bodies, or greater than 50%
loss in a single vertebral body
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5. Progressive deformity with or without
incapacitating spinal pain

ure and according to the practice of the authors,
ith an emphasis placed on structural consid-
rations, implant selection, and techniques for
ugmenting vascular tissue to the site of infec-
ion [45]. In general, only the anterior vertebral
lements are involved in infection (Fig. 3). Some
egree of stability is usually maintained by intact
osterior elements, thus preventing significant sub-
uxation. Therefore, decompression laminectomy
lone may further destabilize the spine and result
n an increased neurological deficit [17,38]. This
rocedure is only indicated in cases of dorsally
ituated epidural abscesses. In selected cases, a
ocalized disc space infection can be treated by
posterolateral debridement. However, in general
e, along with most authors, advocate anterior
rocedures for extensive debridement of the disc
仅供科研和教学使用， Cool 医库软件 资料仅供

nd vertebral bodies back to healthy bone, and
ubsequent autologous bone grafting with the use
f either an anterolateral [46—48] or a postero-
ateral approach [17,38,48,49] for thoracic and

t
b
t
b

igure 3 (a) Cervical spine X-ray (lateral view) performed
nterior Codman plate extending from C2 to C5; (b) cervical
osterior pedicle C2 and lateral mass screws and rods extend
13

umbar lesions that preserves the laminae, facets,
nd pedicles. The use of autologous bone graft
fter adequate debridement has been advocated
n several series [50]; however, recent studies
ave supported the use of titanium mesh cages
o bypass the morbidity associated with structural
utografts and the slow rate of graft incorpora-
ion associated with structural allografts [51]. The
ost common sources of grafts include tricortical

liac crest, rib and fibula. Furthermore, a consid-
rable amount of literature is available on the
anagement protocols advocating prolonged bed

est, despite surgery, owing to a reluctance to use
oreign implants for fear of perpetuating the infec-
ion. Only a small number of recent reports have
ecommended additional posterior spinal fixation
fter anterior decompression and fusion depend-
ng on the quality of bone, the number of segments
nvolved, and the presence of pre-existing kyphotic
eformity [52—54]. A trend toward fewer postoper-
tive complications was reported for patients who
ad posterior stabilization or titanium cages [55].
arrington rod systems were used, requiring an
xtended posterior exposure, but more recently
ath et al. have reported that the debridement,
utologous interbody bone grafting and internal
xation can be successfully done using a postero-

ateral approach allowing early mobilization of the
atient [19]. The use of methylmethacrylate for
ridging osseous defects was associated with persis-
使用者请于24小时内自行删除科研教学

ence and recurrence of infection and thus should
e avoided [19]. Recent studies have demonstrated
hat primary arthrodesis and instrumentation can
e performed in acute spinal infection [56,57].

after anterior cervical decompression and fusion with
spine X-ray (lateral view) showing anterior plate failure.
ing from C3 to C5 vertebral bodies.
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Spinal instrumentation, used in the setting of sub-
luxation or kyphotic deformity, is an extremely
useful adjunct which can be successfully applied,
provided a thorough debridement of infected tissue
is performed with concomitant use of antibiotics.

Early surgical complications include wound
infections, sepsis, pleural effusion, pulmonary
embolism, cerebrospinal fluid fistula, ileus,
ureteral damage, pneumonia, air leak, graft
fracture and progressive neurological deficit. Mul-
tiple late complications have been reported and
include graft resorption and fracture, nonunion,
progressive kyphosis and refractory pain.

Postoperative and iatrogenic
spondylodiscitis

Direct implantation of pathogen is the only way an
adult, with avascular disc space, can acquire true
discitis which is otherwise limited to the pediatric
population.

The incidence of postoperative discitis after rou-
tine lumbar discectomy has been reported between
0.7% and 2.8% of operative cases [58]. When one
adds a fusion to the procedure, the incidence
rates rise from 0.9% to 6%. Spinal instrumentation
adds further complicating factors, and infection
rates average 7% with a range of 1.3—12% [59].
A recent study conducted at our center revealed
the incidence of infection to be 2.7% [60]. Clearly,
aseptic technique and appropriate antibiotic pro-
phylaxis have dramatically reduced infection rates
in the perioperative period [61]. Infection may also
occur after lumbar puncture, myelogram, cervical
laminectomy, lumbar sympathectomy, discography,
chemonucleolysis and other procedures.

Several factors have been cited to increase
the rate of infection following spinal surgeries,
including increased age, poorly controlled diabetes
mellitus, chronic malnutrition, steroid therapy,
previously radiated area, pre-existing neoplasm,
prolonged preoperative hospitalization, subopti-
mal sterile techniques, prolonged procedures, and
increased operating room traffic. When compared
to spontaneous spondylodiscitis, patients with post-
operative spondylodiscitis were found in one study
to be younger, with less frequent underlying dis-
eases and a more prolonged interval between onset
of symptoms and diagnosis [62].
仅供科研和教学使用，使Cool 医库软件 资料仅供科

The most common presentation of postopera-
tive infection is an initial relief of symptoms with
surgery followed by a return of back pain 2—6
weeks later, exacerbated by virtually any motion
of the spine, and sometimes radiating to the hip,
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eg, scrotum, groin, abdomen, or perineum. The
ases are rarely acute and seldom present with

septic picture. Constitutional symptoms may
nclude occasional fever, increased sweating, and
hills. Almost all patients with postoperative disci-
is reported in the literature had paravertebral
uscle spasm and limited range of motion of the

pine [63]. Point tenderness is present in 33% of the
ases [63]. The surgical site usually appears benign;
nly 10—12% of patients have signs of superficial
ound infection and 0—8% have expressible pus

63]. Neurologic deficits are rare, and if present,
cauda equina from a recurrent disc or an epidu-

al abscess should be suspected [64]. There is often
ack of leukocytosis but the ESR is usually elevated.
owever, an elevated ESR can frequently be seen
ecause of the underlying disease, but the trend of
hanges on serial ESR testing can be very helpful.
onetheless, a persistent elevation of the ESR in a
ymptomatic patient may be indicative of indolent
iscitis. In postoperative spondylodiscitis, radionu-
lide tests are of limited use; the bone scan will
ften show increased uptake in the operative site
ue to the normal healing process. A gallium scan
s likely to be of greater assistance and can be
ore indicative of the extent of infection. Plain

adiographs are initially normal, and later (aver-
ge 3 months) reveal decreased disc space height
nd blurring of the affected end-plates. MR imag-
ng remains the test of choice and the findings
re identical to those seen in spontaneous pyo-
enic spondylodiscitis. S. epidermidis is the most
ommon pathogen in postoperative spodylodiscitis
ollowed by S. aureus. Gram-negative organisms,
ncluding E. coli, Pseudomonas aeruginosa can also
e incriminated [65].

Treatment of postoperative and iatrogenic
pondylodiscitis should include analgesics, muscle
elaxants (e.g. diazepam 10 mg PO TID), antibi-
tics, bed rest and immobilization in a brace or
alo vest. We recommend that any suspected post-
urgical infection be subjected to CT-guided needle
spirate and culture. If pyogenic infection is proven
r strongly suspected, we recommend a minimum of
weeks of culture-specific intravenous antibiotics

or until ESR decreases significantly). Pending the
dentification of the organism, one should start with
n anti-staphylococcal antibiotic (e.g. vancomycin
ith or without rifampin) and a broad spectrum
nti-Gram-negative antibiotic, and then modify the
egimen based on the sensitivity results. When the
用者请于24小时内自行删除研教学

rganism isolated is MRSA, and in view of the fact
hat low success rates have been correlated with
ancomycin monotherapy, combination therapy or
newer anti-staphylococcal drug should be consid-
red. Surgery should be reserved for cases of sepsis,
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pidural abscess formation, and progressive neu-
ological deficits. The surgical approach depends
ainly on the extent of the problem. Patients dis-

overed early in the course may be treated by
e-exploration posteriorly. In more extensive cases
r chronic cases, an anterior approach is recom-
ended. A thorough debridement of necrotic tissue
ack to healthy bone and autologous grafting should
e performed as in cases of hematogenous pyogenic
pondylodiscitis.
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