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Pyogenic vertebral osteomyelitis (PVO) may result in neurological deficits and sequelae, so
early diagnosis and appropriate treatment are critical. Many previous studies on PVO exist,
but our paper has aimed to comprehensively summarize the clinical aspects of PVO. Through
review of the vast literature on the clinical research of PVO an overview of the clinical character-
istics, diagnostic methods, treatment and prognosis is provided.
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INTRODUCTION

Vertebral osteomyelitis (OM) is an uncom-
mon infectious condition of the spine and vari-
ous terms such as spondylodiscitis, septic dis-
citis, and spinal OM have been used”™. The
incidence has been rising recently assumed to
be due to aging society, increase in the number
of immune compromised subjects"*"*”. The
incidence has been reported to be 2.2 to 5.8
per 100,000 and highest in men aged 70-79

3340 and the overall incidence increases
with aging. In the population older than 20
years, the male predominance in incidence in-
creases until the age of 80 years”. Despite the
great number of literature on the topic, there
is still controversy regarding various aspects of
diagnosis and treatment. Through this paper,
the clinical features, methods of diagnosis, and
steps of treatment will be reviewed based on
up to date literatures. Especially, the review
focused on pyogenic vertebral osteomyelitis
(PVO) with the exception of spinal tuberculosis.

CLINICAL PRESENTATION

The most common symptom of PVO is axial
back pain or neck pain. More than 80% of the
patients present with rather severe pain not
controlled by analgesics™"*. The onset of the
pain is usually insidious and duration may be
as long as several months. Epidural abscess
should be considered in patients with severe,
sharp, or lancinating type of back pain®****.
Local tenderness or spasm of the paraspinal

muscles may be evident in physical examina-

tion"™*?, Neurological deficits including motor
weakness and sensory loss are not as common,
ranging from 10% to 50%'>******") Fever
may be present but is not a necessary condition.
Various reports have shown 35% to 60% of
the patients have fever on presentation®””,

The fact that there may be a site of prima-
ry infection in PVO patients should be consi-
dered. Symptoms from the primary source may
precede the typical back pain of vertebral mye-
litis itself. In approximately half of the patients,
the primary infection site may be identified:
skin, respiratory, oral, urinary tract, gastroin-
testinal tract, vascular access site, endocarditis
or arthritis”. Endocarditis was found in as
many as 1/3 of the PVO patients”. Several
study reported about 19% to 47% of patients
had undergone spinal surgery before PVO diag-
nosis 66299

Many of the patients with PVO have under-
lying diseases such as diabetes mellitus, corona-
ry artery diseases, immune-suppressed condi-
tion, and cancer®>**,

Differential diagnosis for back patients
include degenerative spinal diseases, vertebral
fractures or disc herniation, inflammatory spi-
nal diseases, and metastatic tumor from syste-
mic tumors™”Y. In cases of back pain with fe-
ver, viral syndromes, pyelonephritis, and pan-
creatitis should also be considered™.

Because the symptoms and signs of PVO are
usually nonspecific, and not infrequently fever
is not seen, the correct diagnosis may not be
made until almost 1 year since the onset of
symptoms™>*"?, It is crucial that clinicians
should always consider PVO as one of the dis-
ease entities of differential diagnosis.
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LABORATORY FINDINGS

Leukocytosis or high proportion (>80%) of neutrophils is not
sensitive for diagnosis of OM***®. Nevertheless those laboratory
results may be helpful as part of the routine work up for in-
fection or fever, as well as markers to evaluate the treatment
response”. In contrast, increase in erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP) were noted to be very
helpful, with sensitivity of 98% and 100%, respectively’®*’.

Although ESR is not specific for infection, it rises in infla-
mmatory condition, therefore may suggest the possibility of in-
fection and may show the treatment response of the patient”.
CRP has more specificity on infection than ESR because it rises
within 6 hours of a bacterial infection”. It also normalizes more
quickly than ESR after adequate treatment on the infection.
These parameters are commonly increased after surgical proce-
dures without any complications due to normal inflammatory
reactions. However in these cases, ESR peaks at approximately
5 days after the operation and normalizes within 3 weeks, and
CRP reaches maximal value at 2-3 days postoperatively and re-
turns to normal limits during 6-14 postoperative days*™"®,
Therefore, Elevation of ESR and CRP is not pathognomonic
feature of infection but those are useful as screening tests and

also as monitoring parameters for treatment response.
RADIOLOGIC FINDINGS

Plain radiography is useful as the initial evaluation tool to
screen a wide range of possible diseases because it is easily ac-
cessed, but is not sensitive for OM™. Blurring of end-plate and
decrease in disc space may be detected in the early phase but
because many patients have underlying degenerative changes in
the spine, it is not easy to suspect OM based on these findings”.

Magnetic resonance imaging (MRI) should be considered as
the initial tool in patients with neurological deficits to rule out
epidural abscess or herniation of the intervertebral disc’. MRI
is the gold standard to diagnosis spinal infection with sensitivity,

Fig. 1. Magnetic resonance iamging of lumbar pyogenic vertebral
ostemomyelitis case. T2-weighted 1 sagittal image (A), T1-weighted
1 (T1W1) sagittal image (B), and T1WI sagittal image (C) with en-
hancement. Arrowheads indicate signal change of adjacent vertebrae.
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specificity, and accuracy of over 90%”. Destruction of endplate
and marrow edema of the vertebral body results in decreased
signal intensity (SI) of vertebral body, disc, and endplate on T1-
weighted image (TTWI)***’",increased SI of vertebral body
and disc on T2-weighted image (T2WI), and contrast enhance-
ment”"?, Typical cases show involvement the disc and 2 adja-
cent vertebral bodies (Fig. 1). In postoperative patients, the abo-
vementioned features should be interpreted with care because
slight signal changes may be seen in the remaining discs in cases
of noncomplicated discectomy, making the differentiation of ear-
ly discitis and normal postoperative change difficult. When the
adjacent vertebral body shows low SI on T1WI along with con-
trast enhancement, infection may be more likely”. The MRI find-
ings of a spinal tumor may be similar to PVO but may be differ-
entiated by the fact that disc space is usually spared”. The MRI
can be also helpful in distinguishing between PVO and tuber-
culous spondylitis. The findings on MRI are more frequently
observed in PVO cases, which are less severe bony destruction,
disc involvement, ill-defined postcontrast paraspinal abnormal
signal margin, disc abscess with peridiscal rim enhancement and
homogeneous enhancement of the vertebral body”. On the con-
trary, more severe bone destruction with relative disc preserva-
tion, focal heterogenous contrast enhancement of the vertebral
body, well-defined abnormal SI in paraspinal areas, and vertebral
intraosseous abscess with rim enhancement are distinctive MRI
findings of tuberculous spondylitis”.

Although MRI is more sensitive than computed tomography
(CT) especially for early diagnosis of OM, CT scan may be uti-
lized for those patients in whom MRI is contraindicated or per-
cutaneous biopsy is needed™. Also, CT may be helpful in decid-
ing the extent of debridement of infected, necrotic tissues, be-
cause MRI may overestimate the extent of disease involverment”.

Three-phase technetium-99m bone scan show positive results,
a few days after the symptom onset with high sensitivity of 90%
but the specificity is rather low, 78%". The scan may show
increased activity for osteoporotic fractures, tumor and even af-
ter the spondylitis is cured with normalization of the laboratory
findings”. Ga-67 scintigraphy with single-photon-emission CT
seems to show similar accuracy with MRI, but is less sensitive
for detecting epidural abscess™. Indium 111-labeled leukocyte
scintigraphy and antigranulocyte scintigraphy are very sensitive
for detecting PVO but have very low specificities (<20%6)>".
Not many studies on 18F-fluorodeoxyglucose positron emission
tomography are available, but very high sensitivity (1009) and
specificity (100%) for diagnosing disc space infection have been
reported, and may be utilized to differentiate OM and degener-
ative changes®. It may be an especially better choice in patients
with metallic implants™.

CAUSATIVE ORGANISMS

Most of PVO is caused by a single organism. However, poly-
microbial infection is found in less than 10% of the patients®®”
usually with underlying decubitus ulcer, chronic debility and im-
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mune compromise .

Staphylococcus aureus was the most common causative bac-
teria according to numerous reports>*’*”. Among the . aur-
eus, the prevalence of methicillin-resistant Staphylococcus aureus
(MRSA) seems to be increasing recently compared to previous
data, up to 40%-57.1%"°"""", Male sex, multiple comorbid-
ities and previous non-spine surgery were significant risk fac-
tors for PVO due to MRSA as compared to methicillin-sensitive
Staphylococcus aureus (MSSA)”. Gram-negative rod was identi-
fied in 7%~-33% of the patients, enterobacteriaceae being the
most common species”'”***”, Gram-negative rod may be the
causative organism more frequently in patients with genitouri-
nary tract, gastrointestinal tract infection, old-age, compromised
immune status, and diabetes".

Coagulase-negative staphylococci are also found in 5%-16%
of PVO, and staphyloccus epidermidis is most common. Fre-
quently it is associated with postoperative infection or intracar-
diac device-related sepsis™”, and is more likely to be found in
patients with symptoms presenting more than 1 month after the
operation’”. Streptococci and enterococci may also be identified
in 5%-20% of PVO cases’” and is frequently related with
dental port of entry or endocarditis, whereas staphylococci are
less commonly found in PVO patients with endocarditis'”. The
less virulent Staphylococcus epidermidis and viridans strepto-
cocci may cause indolent infections’”. Although anaerobe is re-
sponsible for only 3% of PVO, it is more common in diabetes

patientsz).

IDENTIFICATION OF CAUSATIVE ORGANISMS

Identification of the causative organism is imperative because
appropriate choice of the antimicrobial agent is crucial for treat-
ment. Blood culture should be performed initially for all patients
regardless of the presence of fever. Blood cultures are reported
to have diagnostic value in 30%-78% of PVO cases”” meaning
further invasive procedures may not be necessary in those pa-
tients with positive blood culture results. Other body fluids such
as urine and sputum as well as swabs from any portals of entry
should be evaluated and cultured to find the primary focus of
the infection. When causative organism is not identified with
blood culture or other samples in patients who are suspected
with PVO on radiological evaluation, biopsy to directly obtain
the infected tissue is necessary. Percutaneous biopsy using CT
or fluoroscope guidance can be performed, or biopsy with direct
inspection of the involved tissue using endoscope or open sur-
gery may be done. If polymicrobial OM is suspected, biopsy
is mandatory regardless of the results of blood culture’”. In
patients with paravertebral, epidural, or psoas abscess, drainage
of the abscess may be done instead of disc or bone biopsy to
identify the organism™.

Biopsy specimens are known to have higher overall diagnostic
yield (479%-1009%), regardless of the method of biopsy®”. Cul-
ture for aerobic, anaerobic bacteria, and fungi must be done
for biopsy samples™. Evaluation for mycobacteria or brucella
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species should be done in patients living in endemic areas or
those with subacute presentations'>””

False negative blood culture or biopsy results are frequently
found in patients who were treated with empirical antibiotics
before microbiological diagnosis. Second biopsy should be per-
formed when the initial culture results are negative™””. With
the exception of the acutely ill patients with definite symptoms
or signs of sepsis or abscess, antimicrobial treatment should not
be initiated until the causative organism is identified”. It is rec-
ommended that even those patients who were treated with anti-
biotics before identification of causative organism, if the patient
is stable, biopsy should be postponed for at least 48 hours from
the last injection or intake of antibiotic””. Some studies have
shown that an even longer antibiotic-free period of 1-2 weeks
will increase the yield rate of the biopsy, but it is not recom-
mended in OM patients because of acutely-ill, critical condition
of acute OM patients™. If the results of closed technique biopsy
are repeatedly negative in patients in whom OM is highly likely,
open biopsy should be considered”™”. Open biopsy showed pos-
itive culture results in over 75% of cases™ >, In a few pro-
spective studies, the proportion of spine infections with negative
culture results was reported to be 219%-349'***%,

However, various reports have shown that the treatment dura-
tion, mortality, and recurrence rate do not seem to differ be-
tween the patients with identification of the causative organism
and those without*™******®. Similarly, the data from the authors’
institute also show that the yield of a second biopsy in patients
with negative results from a first fluoroscopy-guided biopsy was
only 7.6% (2 out of 26 patients)®. Although the importance
of identification of the causative organism should not be under-
estimated, the above results show that the patient’s risk and eco-
nomic burden of repetitive biopsy should be considered with
caution. Histopathological examination may also provide useful
information. The presence of white blood cells in the infected
tissue may differentiate between infection and contamination,
and granuloma may suggest atypical causes such as brucellosis
or tuberculosis™.

Molecular diagnostics are not routinely utilized for OM. How-
ever, broad-range polymerase chain reaction (PCR) analysis of
organisms may be used when available, if blood and biopsy cul-
ture results are negative”. PCR analysis may find microorga-
nisms not detectable by classic culture methods*”**. A recent
study reported that 165 rDNA PCR assay may be more sensitive
than routine culture in etiological diagnosis OM'".

ANTIMICROBIAL TREATMENT

There are yet no randomized control trials regarding anti-
biotic treatment of PVO. The choice of antibiotics for PVO treat-
ment should target the identified causative organism when possi-
ble, and factors such as bone and disc penetration capability,
potential side effects, and administration feasibility should be

. 13) .. .. .
considered ™. For gram-positive bacteria, intravenous therapy is
still the standard therapy. If causative organism is not identified,
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broad spectrum antibiotics with antistaphyloccocal coverage, as
well as coverage for dlinically suspected organism is recommen-
ded®™™. The outcome of early switch to oral antibiotics is con-
troversial but oral bactericidal agents with high bioavailability
and bone penetration such as clindamycin and fluoroquinolones
may enable early administration of oral agents””**”. Beta-lactam
antibiotics on the other hand, should not be used as an oral anti-
biotic for OM because of its low bioavailability.

No controlled trial data is available on the optimal treat-
ment duration, but usually 4-6 weeks*”™, up to 3 months®>"”
are recommended. In the presence of undrained abscess or
spinal prosthesis, longer duration of antibiotic treatment is de-
sired”””'%, One study suggested the disappearance of inflam-
matory patterns and spinal pain, along with normalization of
the body temperature, CRP and/or ESR, and improvement in
plain radiography as indicators for termination of antibiotic ad-
ministration

IMMOBILIZATION

Bed rest during the initial 2-4 weeks followed by ambulation
with appropriate brace or corset is recommended in patients
with severe, acute pain’>”. External immobilization helps stabi-
lization of the spine, reduction of pain and prevents deformity”.
The appropriate duration of bracing may vary from 3-6 weeks,
up to 3 months, and should be decided according to individual

patient’s degree of bone destruction and deformity™".

SURGERY

Mostly, the goal of surgery for OM is diagnosis (biopsy)™”
but may itself have therapeutic roles in cases with compression
of the cord or cauda equina showing progressive neurologic
deficits. Urgent surgical decompression should be considered be-
cause preoperative neurologic status is the important predictor
of the final neurologic outcome in spinal epidural abscess pa-
tients™*”. Surgery should also be considered in cases where diag-
nosis is not confirmed, poor response to appropriate treatment
is seen, or progressive deformity of the spine causing instability
is noted.

Surgical debridement is almost always required in infections
associated with spinal prosthesis”’. Removal of the prosthesis
is further recommended for the late onset infection patients
whose symptoms presented more than 30 days after the instru-
mentation surgery, because presence of prosthesis decreases the
treatment success rate

Spinal infection may result in severe bone destruction and
deformity, in which internal fixation of structural stabilization
may be necessary. However, surgeons may be reluctant to in-
strumentation of an infected spine because prosthesis may hinder
the antimicrobial treatment. Recent studies focusing on this issue
have reported the usefulness and stability of internal fixation
in active PVO™>**%%,

Autograft, allograft, titanium mesh cage may be used as ma-
terials for anterior column support and bony fusion, allograft
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and titanium mesh cages have not been popular due to the
abovementioned reasons. Several studies have proved favora-
ble outcomes in infection control as well as spinal stability of
PVO gatients who had allograft or titanium mesh cage implan-
ted™ ™% 1t should be emphasized that in such patients thor-
ough, aggressive removal of the infected tissue combined with
appropriate antibiotic treatment is mandatory to obtain good
outcome.

The surgical approach for operation in PVO is worth consi-
dering. In many studies, the anterior and posterior approach
(combined approach) was performed and proved to be safe and
efficient®™*>*™)_ One study had shown the combined ap-
proach had advantages in terms of hospitalization period and
loss of correction compared to anterior or posterior only ap-
proach”. However another study proved superiority of ventral
stabilization via single anterior approach versus ventro-dorsal
fusion in long term outcome®. In addition there are several
studies that good clinical outcome was achieved via single ap-
proach®**>*®) Thus the type of surgical approach needs to
be tailored according to patient general medical condition, de-
gree of bony destruction and location of compressive lesions.

The utilization of intrawound vancomycin powder during spi-
nal surgery has become popular to prevent surgical site infection
(SSI)'®. Several meta-analyses had suggested that intrawound
vancomycin powder could be effective to reduce SSI after spinal

-7 4,10,40,44) o
operation . However those meta-analyses were limited in
that they included studies with low level of evidence (grade III
or IV) and had heterogeneity in the clinical settings, such as
definition of SSI, method of vancomycin powder application,
type of surgery, perioperative antibiotics regimen, etc. One pro-
spective randomized controlled study proved intrawound usage
of vancomycin powder did not significantly reduce the in-
cidence of SSI in spinal surgery™. A recent study aimed at 9,823
patients revealed about 50% reduction of SSI in intrawound anti-
biotics using group on unadjusted analysis, but this difference
was not statistically significant after adjustment'”. So far, the
evidence on the benefit of intrawound vancomycin in spinal sur-
gery is uncertain. It will be interesting to see the results of on-
going prospective clinical trials related to application of intra-
wound vancomycin in spinal surgery (http://Clinical Trials.gov;
NCT01566422; NCT01977989)"**.

FOLLOW-UP AND OUTCOMES

Response to treatment can be evaluated with improvement
of clinical symptoms such as pain and fever or laboratory study,
and radiologic imaging. When definite improvement in the clin-
ical symptom and laboratory parameters is observed in response
to treatment, follow-up evaluation with MRI or CT is usually
not necessary. The correlation between improvement of MRI
findings and clinical recovery is not strong”””. In one study,
there were 85% of the patients whose MRI taken 4-8 weeks
after the initiation of treatment showed no change or improve-

ment had improved clinically’”, and no single MR finding was
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associated with the patients’ clinical status’”. Therefore follow-
up MRI should be selectively performed for those patients who
do not show clinical improvement despite adequate treatment
or when epidural abscess is suspected®. The disappearance of
contrast enhancement and recovery of normal SI are reliable
MRI features of complete healing. It should be kept in mind
that even after complete resolution of the clinical infection, up-
take of contrast on the MRI may reside for several months™™.
MRI should be repeated before terminating antibiotic treatment
in case of a nonsurgically treated abscess”.

Various studies report successful treatment rate of 50%-91%
with antibiotics for PVO™***? Good prognosis is expected
for those patients who show decrease in ESR and weekly decre-
ment of CRP by 50% during the first month of treatment™*?.
In contrast, no relief of symptoms or consistent CRP value of
above 30mg/L may indicate treatment failure™’?.

PVO related mortality is reported to be 296-1196'>>%),
The severity of comorbidity, age over 60 years, high CRP value
at admission (=100 mg/L) are known related factors to higher
mortality®®. Another series reported that delay in diagnosis
of more than 2 months, neurological deficit such as paralysis
or paresis, and nosocomial infection were related to death or
permanent deficits®™. Some reports The PVO caused by MRSA
showed more persistent bacteremia, relapse, increased hospital
stay compared to those caused by MSSA™.

In one study of 253 patients, the relapse rate was approxi-
mately 14% and related factors were recurrent bacteremia,
chronic draining sinuses, paravertebral abscesses®. In another
study, the mortality between PVO patients with or without endo-
carditis was not different but the relapse rate was significantly
higher for those with endocarditis (8% vs. 1.9%)"®. Relapse of
PVO may occur as late as 1 year after the completion of treat-
ment"”, therefore follow-up for sufficient period after treat-
ment is mandatory.

CONCLUSION

The incidence of PVO has been increasing lately so although
a rare condition, clinicians should consider it in patients with
unremitting back pain and increase in inflammatory marker.
When PVO is suspected, MRI should be performed promptly
and culture study to identify the causative organism is crucial.
Treatment should be specified according to culture results, so
if the patient’s condition is tolerable, antimicrobial agents should
not be administered before identification of the organism.
Although data from randomized control trials regarding anti-
biotics regimen and administration period are lacking, 6-week
period of treatment is routinely recommended and longer peri-
ods for patients with complicated infection or spinal implants.
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