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EPIDEMIOLOGY 

• 0.2-2 per 10000 hospital admissions 

• Bimodal age peak : very young and very old 

• M>F 

•  Immunocompromised more common: HIV/
Transplant/Steroid/Diabetic 



and nerve blocks, and are estimated to be respon-
sible for !15% of all cases.1,3–7,11,18–23 In general,
these infections are acquired either during the
invasive procedure itself, or through ascending
microorganism from the skin flora, when a device
is left in place.24–26 On such catheters, there is a
biofilm formation similar to that found on intravas-
cular catheters. Another possible iatrogenic cause of
SEA that clinicians should be aware of, is the
paraspinal injection of analgesics and steroids (e.g.
for local pain therapy).13,27–29

Spinal cord injury leading to neurological
impairment is partially caused by direct mechan-
ical compression by the inflammatory mass.
Accordingly, there is notable neurological improve-
ment after surgical decompression.30 Studies
focussing on the indirect injury caused by
vascular occlusion and ischaemia have shown
diverging results.31,32 Mechanical compression
and vascular occlusion may occur at different
phases of the disease and cause additive
adverse effects. However, the detailed patho-
genesis of spinal cord injury remains poorly
characterized.

Key points for clinical practice
SEA can occur simultaneously on several segments
of the spine. In case of severe spinal tenderness
occurring during or after any focal infection or
sepsis, SEA must be considered as a diagnosis. In
the case of vertebral osteomyelitis or psoas
muscle abscess, SEA must be actively looked for.
Previous invasive spinal procedures, including
paravertebral injections of analgesics and steroids
for local pain therapy, represent a possible source of
infection.

Predisposing conditions and risk
factors
A large proportion of SEA patients have at least one
predisposing factor (Table 2). Most of these, includ-
ing diabetes mellitus, intravenous drug use, immu-
nosuppressive therapy, cancer, HIV/AIDS and renal
failure are predisposing conditions for any type of
severe infection. Spinal abnormalities, such as
degenerative joint disease or scoliosis, have been
advocated to represent a locus minoris resistentiae.
A history of previous spinal trauma is often evident
in SEA. Haematoma and disruption of anatomic
barriers favour the development of SEA.11

Alcoholism is found in a relatively high propor-
tion of patients with SEA. Alcohol intoxication
predisposes to injury, including spinal trauma, and
decreases pain sensitivity, resulting in pressure sores
or muscle damage. Moreover, there is a high risk for
missing the diagnosis of SEA in this population,
because symptoms might be misinterpreted as
typical sequelae of alcoholism, such as pancreatitis,
peripheral neuritis, and vitamin B12 deficiency.20

The risk of SEA in association with invasive
procedures has been estimated for some invasive
anaesthetic interventions and ranges from 1:1000 to
1:100 000, depending on the study population, and
the location and duration of catheterization.26,33–40

In the case of temporary puncture, the risk of an
epidural abscess is very low. Two recently published
studies,23,41 each analysing the outcome of48000
epidural catheters inserted for postoperative analge-
sia, calculated an SEA incidence of approximately
1:1350. However, if a peri- or epidural catheter
is left in place for several days (e.g. for more than
2–4 days), the risk of developing both catheter
site infection and epidural abscess increases

Table 1 Primary sources of infection in spinal epidural
abscess

Source of infection Median (%) Range (%)

Skin and soft tissue 18 7–45
Urinary tract 10 2–36
Previous sepsis of
unknown origin

8 5–11

Respiratory tract 5 3–16
Abdomen 4 2–11
Endocarditis 3 1–8
Infected vascular access 2 1–8
Dental abscess 2 1–11
Ear, nose and throat 2 <1–11

Based on references 1, 3–7, 11, 18–22.

Table 2 Predisposing conditions in spinal epidural
abscess

Predisposing condition Median (%) Range (%)

Diabetes mellitus 21 15–46
Abnormality of the
vertebral column

17 6–70

Trauma of the spine 15 5–33
Intravenous drug use 15 4–37
Immunosuppressive therapy 12 7–16
Cancer 7 2–15
HIV/AIDS 6 2–9
Alcoholism 5 4–18
Chronic renal failure 4 2–13

Based on references 1, 3–7, 11, 18–22.
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PATHOGENESIS 

•  Haematogenous 
     Arterial 
     Batsons vertebral venous plexus 
 
•  Contiguous spread eg from lung to T spine 

•  Iatrogenic eg LP, epidural anaesthesia, spine 
surgery 

 
 



PATHOGENESIS 

•  Thrombus of metaphyseal artery->AVN->nidus for infection 

•  Equatorial zone less susceptible 

•  Endplates and disc more at risk 

•  Secondary septic thrombosis of epidural veins and resulting 
epidural abscess 

•  Sometimes don’t find the whole constellation 

•  Neurological deficits: compression or ischemia 



MICROBIOLOGY 

•  S.aureus 
•  Strep species 
•  Pseudomonas (IVDU) 
•  TB (3rd world) 
•  Fungi (immunesuppressed eg cryptococcus in HIV) 
•  Rarely anaerobes 



CLINICAL FINDINGS 

•  Back pain 
•  Fever 
•  Spine tenderness 
•  Heusner: pain, 

radiculopathy, weakness, 
paralysis 

•  Constitutional symptoms 
•  Nocturnal/recumbency 

pain 
•  Sphincter disturbance 
•  Neurological deficit 
•  Thoracolumbar most 

commonly affected 



DIAGNOSIS 

•  ESR 
•  CRP: more useful in post-op 
•  WBC not a reliable marker 
•  Tuberculin test (not useful when BCG given) 
•  Test for HIV when high index of suspicion 



IMAGING 

•  Xrays non-specific: help in 
deformity assessment 

•  MRI-gold standard 

•  T1 hypointensity esp marow 

•  T2 hyperintensity esp disc 

•  Loss of T2 intranuclear cleft 

•  Enhancement with 
gadolinium 

findings, are discussed in greater detail in a sub-
sequent section.

TheMRI-based diagnosis of pyogenic spondylo-
discitis is not always straightforward. Indeed,
pyogenic spondylodiscitis may have atypical
appearances, including: lack of expected signal
abnormalities and endplate erosive changes early
in its course (see Fig. 2), involvement of a single
vertebral body, involvement of 1 vertebral body

and 1 disc, and involvement of 2 adjacent bodies
without the intervening disc.13 Occasionally, verte-
bral osteomyelitis may present as solitary or
multiple discrete, enhancing bony spinal lesions
without suspicious abnormalities of the interverte-
bral discs,mimickingmetastatic disease.14 In addi-
tion, when clinical information is not helpful or not
available to the radiologist, confident diagnostic
interpretation of equivocal cases can be difficult.

Fig. 1. Pyogenic spondylodiscitis. An 88-year-old man, with 1 month of back pain, presented with fever and
Escherichia coli bacteremia. Anteroposterior (A) and lateral (B) views from standing radiographs demonstrate
nonspecific loss of disc space height at T12-L1 (arrows). Radiographs are relatively insensitive. Even when findings
are present, such as in this case, they are nonspecific. (C) T2-weighted sagittal MRI demonstrates T2 hyperintensity
in the narrowed T12-L1 disc space. Note the relative lack of obvious T2 hyperintensity in the adjacent vertebral
marrow. (D) T2-weighted, fat-saturated sagittal MRI demonstrates to much better advantage the abnormal T2
hyperintensity in the T12 and L1 vertebral bodies. (E) T1-weighted sagittal MRI demonstrates T1 hypointensity
in the T12 and L1 vertebral bodies, centered about the T12-L1 interspace, with some sparing along the opposite
endplates. Such marrow T1 hypointensity is a highly constant finding in spondylodiscitis. (F) Postgadolinium, fat-
saturated T1-weighted sagittal MRI demonstrates avid enhancement corresponding to the abnormal vertebral
marrow signal. Minimal disc space enhancement and mild ventral epidural (white arrow) and anterior paraspinal
enhancement (black arrow) are evident. (G) Postgadolinium, fat-saturated T1-weighted axial MRI at the inferior
T12 vertebral body level confirms the vertebral body (black triangle), ventral epidural (white arrow), and para-
spinal contrast enhancement (black arrows). In this case, the epidural and paraspinal enhancement represents
inflammation/phlegmon and/or venous engorgement in these spaces, without discrete abscess formation.
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EPIDURAL ABSCESS 

performed.29 MRI findings may influence surgi-
cal approach, as a more phlegmonous collec-
tion may require a widespread decompressive
approach with laminectomy, whereas a pus-filled
abscess may be treated by limited laminotomies
and catheter irrigation.34 Even in some modern
series, the mortality is relatively high (w10%–
20%).29,35

SPINAL SUBDURAL ABSCESS

Primary subdural (intradural) abscess of the spine
is an extremely rare, case-reportable condition.
The most common location is the lumbar region.

Risk factors and clinical features are similar to
epidural abscess. S aureus is the most com-
mon organism. Treatment is typically emergent
surgical drainage with subsequent antibiotic
therapy.36–38 The subdural location, deep to the
epidural space, can be readily identified on MRI
(see Fig. 6).

FACET JOINT INFECTION
Background

Facet joint infection (facetitis) is an uncommon
condition, but like pyogenic spondylodiscitis, it is
not rare.39 It is being increasingly recognized and

Fig. 5. Epidural abscess. A 28-year-old womanwith a 10-day history of back pain presented with acute paraplegia.
Sagittal T2-weighted (A), T1-weighted (B), postgadolinium, fat-saturated T1-weighted (C), and axial T2-weighted
(D) and postgadolinium T1-weighted (E) MR images. A T2 hyperintense dorsal epidural fluid collection (white
arrows inA, D) from the T7 through the T10 levels causes mass effect on the thecal sac and spinal cord (black arrow
in D). The collection is T1 hypointense (white arrow in B), confirming its fluid nature. The collection peripherally
enhances (white arrows in C, E), compatible with a frank dorsal epidural abscess. Ill-defined paraspinal inflamma-
tion is present (black arrowheads inD, E). The infection likely has thrombosed the azygous vein (asterisk inC–E). The
patient underwent emergent surgical evacuation of the thoracic epidural abscess (S aureus) via a T7 to T10 decom-
pressive laminectomy. At follow-up she had residual paraparesis and used a walker. (Courtesy of J Lane, MD.)
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•  T2 hyper, T1 hypo 

•  Contrast enhancement 

•  Peripheral enhancement 
with central non-
enhancement and  t2 
hyperintensity suggests 
liquid abscess 

•  Homogenous enhancement 
with T2 iso/hypo-intensity 
suggests solid phlegmon 



DIFFERENTIATING FROM 
DEGENERATION/MODIC 1 

Differential Diagnosis

The most common entity on the imaging differen-
tial diagnosis for pyogenic spondylodiscitis is
degenerative or age-related disc change, more

specifically, the Modic type 1, active endplate
change (see Fig. 4). This distinction can be partic-
ularly challenging when clinical information is not
supportive, as in an afebrile patient. Modic type
1 changes are characterized by edema-type (T1
hypo-, T2 hyperintense) signal abnormality along
the vertebral endplates adjacent to a degenerating
disc, and correlate with pain in at least some pa-
tients.24 If gadoliniumcontrast is administered, these
abnormally signaling areas, and occasionally the
disc space itself, may enhance. If a herniated disc
is present in association with the degenerating
disc, some enhancement may be present at the
periphery of the disc, which could potentially be
confusedwithanepiduralabscess10 (seeFig.4C,D).
In addition to a lackof clinical features supporting

infection, several imaging features may help distin-
guish Modic type 1 changes and pyogenic

Box 1
Pyogenic spondylodiscitis: classic imaging
findings

Disc space: T2 hyperintensity, enhancement,
height loss

Adjacent vertebral bodies: endplate destruc-
tion, T1 hypo-, T2 hyperintensity, enhancement

Paraspinal soft tissues: ill-defined inflamma-
tion/swelling, abscess

Epidural space: reactive enhancement/venous
plexus distention, phlegmon, abscess

Fig. 3. Disappearing vacuum sign in pyogenic spondylodiscitis. A 46-year-old woman presented for lumbar spine
radiographs for the indication of “back pain after a fall.” Lateral radiograph (A) demonstrates a disc space vacuum
phenomenon at L4-5. 3 weeks later, she presented with worsening back pain. Lateral radiograph (B) demonstrates
loss of the vacuum sign, as well as endplate irregularity and apparent disc space widening at L4-5 suspicious for
spondylodiscitis. Sagittal fat-saturated T2 (C) and T1 postgadolinium (D) MRI demonstrate findings of spondylodis-
citis, with T2 hyperintense, fluid filled peripherally enhancing disc space, enhancing edema within the L4 and L5
vertebral bodies, and ventral epidural and paraspinal phlegmon/inflammation. Fluoroscopically guided aspiration
of the disc fluid (not shown) was negative but patient had been on antibiotics. Given the imaging findings, clinical
features (including elevated ESR and CRP), and risk factors (including morbid obesity and active bacterial external
otitis), shewas clinically presumed to have and treated for pyogenic spondylodiscitis. (Courtesy ofK Schwartz,MD.)
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CT/NUCLEAR MEDICINE 

•  CT myelogram: pitfall- iatrogenic meningitis 
•  Nuclear med: technetium-blood flow 
•                      gallium-Fe binding 
•                      labelled WBC 
•  FDG PET 
•  Indium labelled biotin 



BACTERIOLOGICAL DX 

•  Blood cultures : -ve in 40-75% 

•  Confounded by Abx 

•  Biposy: CT guided vs open (80% +ve) 

•  Consider TB/fungi in –ve cases 



OTHER IX 

•  HepB/C IVDU 
•  HIV 
•  TOE 
•  Fundoscopy 
•  Nail bed 
•  Retropharyngeal/Psoas abscess 



DDX 

•  pyogenic arthritis of the hip 
•  septic or autoimmune sacroiliitis 
•   pyelonephritis 
•   primary psoas abscess 
•  autoimmune spondylitis 
•   spinal trauma 
•   osteoporotic compression fractures 
•   spinal epidural hematoma 
•  spontaneous spinal subarachnoid hemorrhage 
•  leptomeningeal metastatic disease 



MANAGEMENT 

•  Antibiotics (iv 6/52) and immobilization 
•  Surgery for any neurological deficit  
•  Approach depends on collection site (ventral v dorsal, C/T/L 

spine) and consistency (liquid v phlegmon) 
•  Aggressive debridement 
•  Mild deficit such as radiculopathy may be closely observed 
•  Surgery: Failed medical Rx 
•               Chronic pain 
•               Instability  
•  Instrumentation/grafting 
•  Bracing 
•  f/u: serial CRP/ESR and clinical; routine MRI not indicated 
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various periods during the surgical window of 
opportunity of 24 to 36 hours. Earlier surgery in 
some patients with virulent infection and rapid 
deterioration in their neurologic condition may 
be associated with a better outcome. Likewise, 
a neurologic deterioration between admission 
and accurate diagnosis may lead to a poorer out-
come.1,21 Although MRI findings (related to the 
length of the abscess and the extent of spinal-
canal stenosis),45 degree of leukocytosis,16 and 
level of elevation of the erythrocyte sedimenta-
tion rate15 or C-reactive protein16 were reported to 
correlate with outcome, these potential relation-
ships were identified by univariate analyses that 
did not consider the pretreatment neurologic sta-
tus and, therefore, need to be further investigated.

About 5% of patients with spinal epidural ab-
scess die, usually because of uncontrolled sepsis, 

evolution of meningitis, or other underlying ill-
nesses. The final neurologic outcome and func-
tional capacity of patients should be assessed at 
least 1 year after treatment, because until then, 
patients may continue to regain some neurologic 
function and benefit from rehabilitation. The most 
common complications of spinal cord injury are 
pressure sores, urinary tract infection, deep-vein 
thrombosis, and in patients with cervical abscess, 
pneumonia.16 Optimal outcome requires well-coor-
dinated multidisciplinary care by emergency med-
icine physicians, hospitalists, internists, infectious-
disease physicians, neurologists, neurosurgeons, 
orthopedic surgeons, nurses, and physical and oc-
cupational therapists.

No potential conflict of interest relevant to this article was 
reported.

I thank Dr. Bhuvaneswari Krishnan and Michael Lane for their 
contribution to the color artwork.

Table 1. Common Diagnostic and Therapeutic Pitfalls and Recommended Approaches.

Pitfall Recommendation

Ordering imaging studies of an area that is not the 
site of epidural infection

Clinically assess patients for spinal tenderness and level of 
neurologic deficit to more accurately identify the region to 
be imaged.

Identifying only one of multiple nonadjacent epidural 
abscesses

Suspect the presence of other undrained abscesses if bactere-
mia persists or neurologic level changes after surgery.

Ascribing all clinical and laboratory findings to verte-
bral osteomyelitis

Determine whether osteomyelitis is associated with epidural 
abscess, particularly if a neurologic deficit is evident.

Being unable to adequately evaluate sensorimotor 
function in patients with altered mental status

Check for depressed reflexes and bladder or bowel dysfunc-
tion, which can indicate spinal cord injury.

Asking nonphysicians who may not appreciate the 
urgency of the case to order consultations for 
patients with suspected or documented epidural 
abscess

Directly communicate with consultants to ensure timely diag-
nosis and treatment.

Surgically managing a spinal stimulator–associated 
epidural abscess by removing only the implant

Decompress the abscess to preserve neurologic function and 
remove the implant to increase the likelihood of curing the 
infection.

Medically treating S. aureus bacteremia without at-
tempting to identify the source

Consider a spinal source of infection if clinically indicated.
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Despite advances in medical knowledge, imaging techniques, and 
surgical interventions, spinal epidural abscess remains a challenging prob-
lem that often eludes diagnosis and receives suboptimal treatment. The inci-

dence of this disease — two decades ago diagnosed in approximately 1 of 20,000 
hospital admissions1 — has doubled in the past two decades, owing to an aging popu-
lation, increasing use of spinal instrumentation and vascular access, and the spread 
of injection-drug use.2-5 Still, spinal epidural abscess remains rare: the medical 
literature contains only 24 reported series of at least 20 cases each.1-24 This review 
addresses the pathogenesis, clinical features, diagnosis, treatment, common diag-
nostic and therapeutic pitfalls, and outcome of bacterial spinal epidural abscess.

PATHO GENESIS

Most patients with spinal epidural abscess have one or more predisposing condi-
tions, such as an underlying disease (diabetes mellitus, alcoholism, or infection 
with human immunodeficiency virus), a spinal abnormality or intervention (degen-
erative joint disease, trauma, surgery, drug injection, or placement of stimulators or 
catheters), or a potential local or systemic source of infection (skin and soft-tissue 
infections, osteomyelitis, urinary tract infection, sepsis, indwelling vascular access, 
intravenous drug use, nerve acupuncture, tattooing, epidural analgesia, or nerve 
block).2,5,9,14,16,20,25-33 Bacteria gain access to the epidural space through contiguous 
spread (about one third of cases) or hematogenous dissemination (about half of 
cases); in the remaining cases the source of infection is not identified. Likewise, 
infection that originates in the spinal epidural space can extend locally or through 
the bloodstream to other sites (Fig. 1). Because most predisposing conditions allow 
for invasion by skin flora, Staphylococcus aureus causes about two thirds of cases.4,11,25 
Although methicillin-resistant S. aureus (MRSA) accounted for only 15% of staphy-
lococcal spinal epidural infections just a decade ago,4 the proportion of abscesses 
caused by MRSA has since escalated rapidly (up to almost 40% at my institution). 
The risk of MRSA infection is particularly high in patients with implantable spinal 
or vascular devices. In these patients abscess may develop within a few weeks after 
spinal injection or surgery. Less common causative pathogens include coagulase-
negative staphylococci, such as S. epidermidis (typically in association with spinal 
procedures, including placement of catheters for analgesia, glucocorticoid injections, 
or surgery) and gram-negative bacteria, particularly Escherichia coli (usually subse-
quent to urinary tract infection) and Pseudomonas aeruginosa (especially in injection-
drug users).2,16,19,22,25,31 Spinal epidural abscess is rarely caused by anaerobic bacte-
ria,34 agents of actinomycosis or nocardiosis,25 mycobacteria (both tuberculous and 
nontuberculous),2,15,19,25 fungi (including candida, sporothrix, and aspergillus spe-
cies),11,19,20,25 or parasites (echinococcus and dracunculus).25

Epidural infection can injure the spinal cord either directly by mechanical com-
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or surgery) and gram-negative bacteria, particularly Escherichia coli (usually subse-
quent to urinary tract infection) and Pseudomonas aeruginosa (especially in injection-
drug users).2,16,19,22,25,31 Spinal epidural abscess is rarely caused by anaerobic bacte-
ria,34 agents of actinomycosis or nocardiosis,25 mycobacteria (both tuberculous and 
nontuberculous),2,15,19,25 fungi (including candida, sporothrix, and aspergillus spe-
cies),11,19,20,25 or parasites (echinococcus and dracunculus).25
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Despite advances in medical knowledge, imaging techniques, and 
surgical interventions, spinal epidural abscess remains a challenging prob-
lem that often eludes diagnosis and receives suboptimal treatment. The inci-

dence of this disease — two decades ago diagnosed in approximately 1 of 20,000 
hospital admissions1 — has doubled in the past two decades, owing to an aging popu-
lation, increasing use of spinal instrumentation and vascular access, and the spread 
of injection-drug use.2-5 Still, spinal epidural abscess remains rare: the medical 
literature contains only 24 reported series of at least 20 cases each.1-24 This review 
addresses the pathogenesis, clinical features, diagnosis, treatment, common diag-
nostic and therapeutic pitfalls, and outcome of bacterial spinal epidural abscess.

PATHO GENESIS

Most patients with spinal epidural abscess have one or more predisposing condi-
tions, such as an underlying disease (diabetes mellitus, alcoholism, or infection 
with human immunodeficiency virus), a spinal abnormality or intervention (degen-
erative joint disease, trauma, surgery, drug injection, or placement of stimulators or 
catheters), or a potential local or systemic source of infection (skin and soft-tissue 
infections, osteomyelitis, urinary tract infection, sepsis, indwelling vascular access, 
intravenous drug use, nerve acupuncture, tattooing, epidural analgesia, or nerve 
block).2,5,9,14,16,20,25-33 Bacteria gain access to the epidural space through contiguous 
spread (about one third of cases) or hematogenous dissemination (about half of 
cases); in the remaining cases the source of infection is not identified. Likewise, 
infection that originates in the spinal epidural space can extend locally or through 
the bloodstream to other sites (Fig. 1). Because most predisposing conditions allow 
for invasion by skin flora, Staphylococcus aureus causes about two thirds of cases.4,11,25 
Although methicillin-resistant S. aureus (MRSA) accounted for only 15% of staphy-
lococcal spinal epidural infections just a decade ago,4 the proportion of abscesses 
caused by MRSA has since escalated rapidly (up to almost 40% at my institution). 
The risk of MRSA infection is particularly high in patients with implantable spinal 
or vascular devices. In these patients abscess may develop within a few weeks after 
spinal injection or surgery. Less common causative pathogens include coagulase-
negative staphylococci, such as S. epidermidis (typically in association with spinal 
procedures, including placement of catheters for analgesia, glucocorticoid injections, 
or surgery) and gram-negative bacteria, particularly Escherichia coli (usually subse-
quent to urinary tract infection) and Pseudomonas aeruginosa (especially in injection-
drug users).2,16,19,22,25,31 Spinal epidural abscess is rarely caused by anaerobic bacte-
ria,34 agents of actinomycosis or nocardiosis,25 mycobacteria (both tuberculous and 
nontuberculous),2,15,19,25 fungi (including candida, sporothrix, and aspergillus spe-
cies),11,19,20,25 or parasites (echinococcus and dracunculus).25

Epidural infection can injure the spinal cord either directly by mechanical com-
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both medical and surgical treatment.6-8,10 How-
ever, in these studies, the group of patients receiv-
ing antibiotics alone had no or minimal neuro-
logic impairment6,7,10 or smaller abscesses,8 and 
in some of these patients, neurologic deteriora-
tion occurred despite the use of appropriate an-
tibiotics.1,7,18,20,21 The true index of the success of 
nonsurgical therapy is difficult to discern both 
because cases may have been selectively reported18 
and because unsuccessful attempts at conserva-
tive management are rarely reported once a de-
compressive laminectomy is performed.41

Figure 4 shows an algorithm for treating pa-
tients with diagnosed spinal epidural abscess. In 
clinical scenarios in which decompressive lami-
nectomy is declined by the patient, contraindicat-
ed because of high operative risk, unlikely to re-
verse paralysis that has existed for more than 241,4 
to 3621,24 hours, or considered impractical because 
of panspinal infection, patients may be treated 
medically. Patients who are neurologically intact 
may also qualify for nonsurgical therapy if the 
microbial cause is identified and the patients’ 
clinical condition is closely monitored. Although 
controversial, this approach may be reasonable 
especially when the radiologic epidural abnor-

mality and the symptoms can be explained by 
finding (including postoperative changes) that 
the inflammation is not caused by a true abscess. 
Antibiotic therapy must be guided by the results 
of blood cultures or a CT-guided needle aspira-
tion of the abscess.42,43 Although emergency de-
compressive laminectomy is not indicated in pa-
tients with paralysis that lasts longer than 24 to 
36 hours, this surgery may still be needed to treat 
the epidural infection and control sepsis. Because 
it is impractical to perform decompressive lami-
nectomy along the whole spine in patients with 
panspinal epidural abscess (Fig. 5), the physician 
may want to consider less extensive surgery, such 
as a limited laminectomy or laminotomy with cra-
nial and caudal insertion of epidural catheters for 
drainage and irrigation.39

Pending the results of cultures, empirical anti-
biotic therapy should provide coverage against 
staphylococci (usually with vancomycin to cover 
MRSA) and, because of the potentially serious 
consequences, gram-negative bacilli (potentially 
with a third- or a fourth-generation cephalospo-
rin, such as ceftazidime or cefepime, respectively), 
particularly in the presence of documented or 
suspected gram-negative bacterial infection of 

Do any of these conditions exist?
Patient refuses surgery
Patient with high operative risk
Paralysis for more than 24–36 hr
Panspinal infection

Suspected spinal epidural abscess

Culture abscess by CT-guided
needle aspiration to navigate
definitive antibiotic therapy

Have blood cultures identified
the infecting pathogen?

Emergency decompressive lami-
nectomy plus antibiotic therapy

Antibiotic therapy guided 
by blood cultures

No Yes

No Yes

Figure 4. Management of Spinal Epidural Abscess.
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Abstract Pyogenic vertebral osteomyelitis responds
well to conservative treatment at early stage, but more
complicated and advanced conditions, including
mechanical spinal instability, epidural abscess forma-
tion, neurologic deficits, and refractoriness to antibiotic
therapy, usually require surgical intervention. The
subject of using metallic implants in the setting of
infection remains controversial, although more and
more surgeons acknowledge that instrumentation can
help the body to combat the infection rather than to
interfere with it. The combination of radical debride-
ment and instrumentation has lots of merits such as,
restoration and maintenance of the sagittal alignment
of the spine, stabilization of the spinal column and
reduction of bed rest period. This issue must be viewed
in the context of the overall and detailed health con-
ditions of the subjecting patient. We think the culprit
for the recurrence of infection is not the implants itself,
but is the compromised general health condition of the
patients. In this review, we focus on surgical treatment
of pyogenic vertebral osteomyelitis with special atten-
tion to the role of spinal instrumentation in the pres-
ence of pyogenic infection.

Keywords Pyogenic vertebral osteomyelitis !
Debridement ! Instrumentation ! Autograft !
Allograft ! Titanium mesh cage

Introduction

Pyogenic vertebral osteomyelitis has remained a chal-
lenging medical problem until well into the twenty-first
century [17]. The morbidity and mortality rate of spinal
infections declined dramatically due to the advent of
antibiotics and most patients with pyogenic vertebral
osteomyelitis can be successfully treated by conserva-
tive methods [8, 13, 14, 18, 31, 77]. However, in certain
circumstances a small subgroup of patients still expe-
rience progressive biomechanical instability-related
pain, epidural abscesses and neurologic deficit despite
the provision of long-term antibiotic therapy and other
conservative treatment. Therefore, surgical interven-
tions are inevitable in these intractable situations.

The well-known Hodgson’s Hong Kong procedure
for the treatment of spinal tuberculosis represented the
milestone for surgical management of spinal infections
[33]. Since then, radical debridement and autogenous
strut-graft have become the golden standard for the
therapy. Having reviewed the literatures available, we
found that an arbitrary line could be drawn around the
year of 1990. In the pre-1990 period, implants were
seldom used in the management of pyogenic spinal
infections. A number of reports had implicated that
radical debridement and autogenous strut-graft fusion
combined with antibiotics coverage without instru-
mentation was the most commonly adopted therapy
[11, 19, 20, 58, 74]. An exception is Fountain’s series, in
which posterior instrumentation was used in the man-
agement of infectious vertebral lesion [23]. Even the
importance of immobilization for the suppression of
infection have been emphasized by several researchers
[10, 25], but it was not until the 1990s of the last cen-
tury, internal fixation started gaining some acceptance
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debridement and instrumentation accomplished with
the fusion in a single stage operation, because the
perceived risk of the residual bacterium might con-
taminate the implants and lead to the persistence of
infection. Fukuta et al. [25] reported a series of pyo-

genic vertebral osteomyelitis treated with two-stage
surgery, suggesting that two-stage operation with a
convalescence period bridging the two surgeries have
merits such as shorter operation time, less blood loss,
and safer for the patients with poorer general health

Table 1 Summary of most recent clinical series of pyogenic spondylodiscitis treated with debridement and instrumentation

References No. of
patients

Average
age
(years)

Pre-op
antibiotic
duration
(weeks)

No. of patients Bone
graft

Instrumentation

Stage Approach

Acute Subacute
chronic

Anterior Posterior Combined

Masuda et al.
[49]

5 63.8 1.5–2.5 3 2 0 2 3 Unknown Rod and sublaminar
wires

Korovessis et al.
[36]

17 54.4 N/A N/A N/A 0 0 17 Iliac–rib Mesh cage and
pedicle screws

Nather et al.
[56]

12 62.5 N/A N/A N/A 8 3 1 Iliac Pedicle screws

Dimar et al. [17] 42 60 N/A N/A N/A 0 0 42 Autograft or
allograft

Delayed pedicle
screws

Fayazi et al. [22] 11 56.3 13(0–60) N/A N/A 0 0 10 Allograft Mesh cage, Delayed
stage pedicle screw

Mann et al. [47] 24 63 0–5 days 24 0 6 4 14 Unknown Carbon cage, Ventral
plate

Lee et al. [42] 30 56.7 N/A N/A N/A 7 6 17 Autograft or
allograft

Cage, plate, rod or
pedicle screw

Fukuta et al.
[25]

8 63.5 2 N/A N/A 0 0 8 Unknown Pedicle screw, rod, or
other posterior
instruments

Liljenqvist et al.
[44]

20 68 N/A N/A N/A 0 0 20 Autograft Mesh cage and
pedicle screws

Hee et al. [32] 21 57 N/A N/A N/A 11 0 10 Autograft or
allograft

Mesh cage, pedicle
screws or hooks

Przybylski et al.
[65]

17 58.7 IV: 0–8 PO:
0–20

6 11 10 7 0 Iliac Plate or pedicle
screws

Schuster et al.
[71]

47 49.3 N/A N/A N/A 7 0 40 Allograft Plate or pedicle
screws

Faraj et al. [21] 31 55.6 3 N/A N/A 1 0 30 Unknown Plate or pedicle
screws

Total 287 42 17 195

Single- or
two-stage
operation

Follow up
(mos)

Postop
antibiotic
duration
(weeks)

No. of patients Fusion
rate (%)

Death
(no. of
patients)

Loss of
correction
(degree)Post-op revision surgery Wound infection

Graft
extrusion

Hardware
revision

Superficial Deep

Single or two Unknown IV: 2.5 PO: several
months

0 0 0 3 100 0 Unknown

Single 45 (37–116) N/A 0 0 1 0 100 0 No loss
Single 12.5 (10–21) 11.4 (7–19) 0 0 0 0 N/A 1 Unknown
Two Minim 24 (24–11) 6 1 0 0 0 100 2 Unknown
Two 17 ± 9 7 (4–8) 0 1 0 0 90 (9/10) 1 10 ± 6
Single or two 6–24 IV: min 1.4

PO: min 12
0 0 0 4 Unknown 2 Unknown

Single 3–54 N/A 2 1 0 5 Unknown 1 Unknown
Two 33 (11–58) 1–40 0 0 2 0 100 0 Unknown
Single 23 (12–56) IV: 4(2–8) Po: 6–12 0 2 0 0 100 3 2.2
Single or two 67 (24–120) N/A 0 2 1 2 100 3 Unknown
Single 30 IV: 6 0 0 1 1 100 2 Unknown
Single or two 14 (6–45) IV: 6 0 0 0 2 Unknown 7 Unknown
Single 45.69 (12–144) N/A 0 1 0 3 Unknown 1 Unknown

3 7 5 18 23
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CONTROVERSIES 

•  Hodgson 1956 : bone graft 
•  Kostuik 1983 : instrumentation 
•  No evidence to contraindicate instrumentation in 

the setting of infection 
•  Autograft v allograft 
•  Titanium (porous nature allows abx delivery and 

vascular tissue attachment) v stainless steel (?
glycocalyx for bacteria) 
•  Controversial 
•  BMP- not FDA approved 



OUTCOME: POORER PROGNOSIS 

•  older patients  
•  sepsis  
•  neurological deficits of longer than 72 hours 

duration 
•  significant compression of the spinal cord on 

imaging studies 
•  immunocompromised 



IATROGENIC INFECTIONS 

•  2% 
•  Immunosuppression, diabetes, steroid, malnutrition, 

neoplasm, radiation, intercurrent infection 
•  ?Bovie monopolar 
•  ?muscle retraction/ischemia 
•  Superficial v deep : fascia 
•  ?r/o instrumentation in deep infection 



PAEDIATRIC 

•  Frequent bacteremia 
•  Profuse anastomoses b/w intraosseous spinal 

arteries 
•  Disc (retains blood supply)/endplate more affected 
•  child with fevers refuses to bear weight 
•  clinical and radiographic disease in children may 

often be milder than that seen in adults 
•  Abx + immobilization usually adequate 
•  Surgery rare 



TB: POTTS DISEASE 

•  Lungs: haematogenous/contiguous 
•  Indolent fashion 
•  Involves posterior elements 
•  Spares disc 
•  Deformity w/o neurological compromise 
•  Difficult to disinguish from neoplasm 



TULI GRADING 

•  stage I : no weakness but there is clumsiness of gait and a 
suggestion of upper motoneuron signs 

•   stage II : weakness and clear upper motoneuron signs, but 
the patient is able to walk. 

•  stage III : bedridden because of total muscle weakness and 
maintains signs of upper motoneuron paraplegia, less than 
50% sensory loss 

•   stage IV : complete motor weakness, greater than 50% loss of 
sensation, loss of bowel/bladder control, or any combination 
of these findings, as well as probably flaccid paraplegia and 
possibly flexor spasm. 



TB 

Fig. 10. Tuberculous spondylitis,withpredominantlymultilevel bony involvement, includingofposterior elements.
A42year-oldmanwas referred forpossiblemetastaticdisease. Sagittal T1- (A) and fat-saturatedT2- (B), andaxial T2-
weighted (C–E) MR images. There are multiple bony spinal lesions, including in the vertebral bodies (A, B). A prom-
inent lesion is present in the L3 spinous process (small white arrow in B, C). At L5, a dorsal vertebral body lesion
extends into the ventral epidural space and partially effaced the thecal sac (large white arrow in B and D). At L4,
extension is seen into the left psoas muscle (arrowhead in E). Image from percutaneous CT-guided sampling (F)
confirms the lytic natureof the L3 spinousprocess lesion. Thebiopsy yielded caseatinggranulomatous inflammation
on pathology, andM tuberculosis on microbiology. (Courtesy of P McGough, MD, T Maus, MD.)
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proteolytic enzymes. From this location, the infec-
tion may spread in subligamentous fashion across
1 or more levels beneath the anterior longitudinal
ligament (seeFig. 9A). Spread in the epidural space
may also occur (see Figs. 9Aand 10B,D) but is less
common than in the anterior paravertebral regions
(see Fig. 9A–D).60 Contrast-enhanced studies
often demonstrate thin, smooth enhancing walls
of the paravertebral collections. The subligamen-
tous spread may be much more extensive than
the vertebral involvement (see Fig. 9A), and can
lead to skip lesions of involved bones/discs with
intervening normal levels.61 In addition to subliga-
mentous spread, spread to adjacent soft tissue is
also common, particularly the anterolateral para-
spinal soft tissues (see Fig. 10E). A tuberculous
abscess of the psoas muscle occurs in approxi-
mately 5%of cases andmay contain calcifications,
best seen onCT.62 CT can also be useful in demon-
strating endplate erosive changes and bony lytic
lesions. The posterior elements (see Fig. 10B, C)
are more commonly involved than in pyogenic
disease. A classic finding is gibbus deformity,
due to preferential anterior column involvement
causing collapse of a partially destroyed vertebral
column. Similar to other spinal infections, radio-
graphic findings tend to lag behind the pathologic
changes of tuberculous spondylitis.60

In addition to disc space sparing, atypical
appearances of tuberculous spondylitis include:
single vertebral level disease (vertebra plana,
ivory vertebra, neural arch involvement, or pan-
vertebral involvement)55 and multilevel disease
(contiguous or noncontiguous).55,63 Although
considered atypical, several of these and some
of the more typical features can suggest tubercu-
lous spondylitis over pyogenic spondylodiscitis.

Differential diagnosis
As described previously, tuberculous spondylitis
can appear identical to typical pyogenic spondylo-
discitis when the disc space is involved. Imaging
features that favor tuberculous spondylitis include:
well-defined paraspinal signal abnormality; large
(larger) inflammatory collections, including large
paraspinal cold abscesses; thin, smooth abscess
walls; sparing of the disc; subligamentous spread
to three or more levels; multiple vertebral or entire-
body involvement; skip lesions; and posterior
element involvement (Box 2, Table 2).13,60,64–66

An additional granulomatous disease that can
mimic the appearance of tuberculous spondylitis
is brucellar spondylitis, which will be discussed
briefly. Solitary tumor or metastases may be mis-
diagnosed when tuberculous spondylitis demon-
strates uni- or multilevel bony involvement with
disc space sparing.

Treatment
Antituberculous medical therapy is the mainstay of
treatment, and the duration is on the order of 6 to
12 months.53 Surgery may be performed in select
cases (eg, for complications, failure of medical
therapy, neurologic compromise, palpable cold
abscess, or occasionally, for prevention of new
or worsening deformity or deficit).53

Brucellar Spondylitis

Background
Brucellosis is a zoonosis endemic in rural areas of
Saudi Arabia and the Mediterranean basin. Those
most at risk are farm workers, slaughterhouse
workers, and veterinary personnel. It is caused by
a gram-negative bacillus, and usually acquired by
ingestion of raw meat or unpasteurized dairy prod-
ucts. The most common animals to harbor brucel-
losis are sheep, cattle, goats, pigs, and dogs.61,67

Some studies suggest high-grade fever is seen
more commonly than with pyogenic spondylodis-
citis or tuberculous spondylitis.65 Blood cultures
and serologic testing typically allow diagnosis,
whereas percutaneous sampling of the spine is
of little utility.68 Treatment is medical therapy
with antibiotics, with a typical duration of 3 to 6
months, but recurrences are not uncommon.53

Imaging evaluation, differential diagnosis
Brucellosis most commonly affects the lumbar and
lumbosacral regions, unlike tuberculous spondy-
litis, which is more common in the thoracic spine.
The MRI findings of brucellosis may be indistin-
guishable from those of tuberculous spondylitis.
However, one study69 suggests that brucellosis

Box 2
Imaging clues: tuberculous spondylitis

Classic:

! Similar to pyogenic spondylodiscitis

! Disc space involvement less severe

! Large paraspinal abscess, smooth wall, "
calcifications

! Subligamentous spread

Atypical:

! Disc sparing, with either single or multilevel
bony involvement only

! Multilevel involvement, contiguous or skip
lesions

! Vertebra plana

! Posterior element involvement

! Panvertebral involvement
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SPINAL TB MX 

•  RIPE abx and immobilization 
•  Surgery for neurological deficit, instablity or deformity 
•  Jain et al: >= 2 column damage 
•  MRI evidence of edema or myelitis within the spinal cord and 

compressive lesion is predominantly fluid in the extradural 
space will respond well to nonoperative therapy 

•  extradural compression from a lesion that appears to be 
mostly granulation or caseous tissue, one that compresses the 
cord circumferentially, cord edema, myelitis, or myelomalacia 
are more likely to be candidates for early surgical intervention 

•  Poor prognosis: paralysis lasting longer than 6 months, late-
onset paralysis with inactive disease and significant deformity, 
paralysis as a result of vascular injury to the spinal cord,    
atrophic-appearing spinal cord seen on MRI  


