Review Article

Treatment algorithm for spontaneous spinal infections:

A review of the literature

ABSTRACT

Background: Primary spinal infections are rare pathologies with an estimated incidence of 5% of all osteomyelitis. The diagnosis can be
challenging and this might result in a late identification. The etiological diagnosis is the primary concern to determine the most appropriate
treatment. The aim of this review article was to identify the importance of a methodological attitude toward accurate and prompt diagnosis using
an algorithm to aid on spinal infection management.

Methods: A search was done on spinal infection in some databases including PubMed, ISI Web of Knowledge, Google Scholar, Ebsco,
Embasco, and Scopus.

Results: Literature reveals that on the basis of a clinical suspicion, the diagnosis can be formulated with a rational use of physical, radiological,
and microbiological examinations. Microbiological culture samples can be obtained by a percutaneous computed tomography-guided procedure
or by an open surgical biopsy. When possible, the samples should be harvested before antibiotic treatment is started. Indications for surgical
treatment include neurological deficits or sepsis, spine instability and/or deformity, presence of epidural abscess and failure of conservative
treatment.

Conclusion: A multidisciplinary approach involving both a spinal surgeon and an infectious disease specialist is necessary to better define the
treatment strategy. Based on literature findings, a treatment algorithm for the diagnosis and management of primary spinal infections is proposed.
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INTRODUCTION

Primary infection of the spine is a rare entity although
its incidence is referred as increasing in the recent years.
The reported incidence varies between 1:100.000 and
1:250.000," about 5% of all cases of osteomyelitis./*?

According to the anatomical location, primary spinal infection
might be described as: (1) vertebral osteomyelitis, (2) discitis
and spondylodiscitis, (3) spinal canal infections (epidural,
subdural, and intramedullary abscess), and (4) paraspinal
soft-tissue infections.”!

Risk factors predisposing the development of a spinal
infection are age (usually under 20 or over 50 years), chronic
diseases (diabetes, kidney failure, cirrhosis, cancer, and
rheumatologic diseases), medical procedures (chemotherapy,
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previous spinal surgery, dialysis, and presence of central
venous catheter), immunosuppression (iatrogenic or host
related), and use of intravenous drugs (IVDU). In endemic
areas, Brucella and tuberculosis might represent the main
cause of spinal infection.*”! The aim of this review article
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was to identify the importance of a methodological attitude
toward accurate and prompt diagnosis using an algorithm
to aid on spinal infection management.

METHODS

We searched PubMed using the terms discitis, primary
spinal infections, spondylodiscitis, conservative treatment,
and surgical treatment for studies published in English
literature between January 1, 1990, and November 30, 2018.
Subsequently, we screened the bibliographies of the retrieved
articles. In this review, we concentrated mainly on published
series that involved >10 patients.

RESULTS

Based on the aforementioned keywords, only a few
studies were multicenter® or prospective®!"l or systematic
reviews.[”'>1% No randomized trials for the treatment
of spontaneous spinal infections were found although
randomized studies for the prevention of postoperative
spinal infections exist.'>'®l Most studies identified were
heterogeneous in design with variable inclusion criteria
based on age, etiology, patient groups, and use of a particular
diagnostic or treatment modality;!'”! direct comparison
between studies was therefore not possible.

DISCUSSION

Treatment strategies of primary infection of the spine
still remain controversial. Conservative cases are often
followed by mechanical back pain than surgically treated
cases." On the other hand, delayed surgical treatment
involves a significantly poorer surgical outcome."® A better
surgical outcome can be achieved by choosing the most
appropriate, and ideally a minimally invasive, approach.
Among the issues, the optimal duration for antimicrobial
treatment is still unclear, in surgical as in solely conservative
treatment. Observational studies reported a significantly
higher recurrence rate for treatment duration of <8 weeks,
compared to antibiotic treatment enduring longer than
12 weeks.!"! However, the only randomized controlled trial
on the topic established no differences in the outcome
after administration of 6 and 12 weeks of tailored antibiotic
treatment.””! Accordingly, shorter medical treatment seems
to be sufficient in most of the cases.

In this scenario, made by unsolved issues, the aim of this
review was to identify a working algorithm to support on
spinal infection management.

Pathophysiology

The infectious process can spread to the spine by
(1) hematogenous dissemination, (2) external inoculation,
and (3) diffusion from contiguous tissues.

Hematogenous dissemination is the most common
occurrence and involves mainly the arterial circulation.
However, under particular circumstances, the infection can
disseminate from the pelvic venous circulation through
Batson'’s valveless venous plexus.!"*?'l The most represented
localization in cases of hematogenous spread is the lumbar
spine (58%), followed by thoracic (30%) and cervical (11%)
spine.?

External inoculation is the result of medical treatments
(i.e., spinal surgery, lumbar puncture, and epidural
procedures). It affects the minority of patients and involves
the posterior elements of the spine, as in tuberculosis and
fungal spondylitis.l'®%! The contiguous diffusion is rarely
observed and may be related to upper respiratory tract
or mediastinal diseases such as esophageal perforation,
retropharyngeal abscesses, or infection of aortic
implants.’?4

The localization of the infection in the intervertebral disc is
frequently associated with an involvement of the adjacent
vertebral endplates, with or without the extension into the
spinal canal (epidural, subdural, or intramedullary abscess).
The anatomical basis for this phenomenon is related to the
vasculature of the adult spine that is of terminal type.?!
Accordingly, the septic emboli are expected to involve the
vertebral body and its surrounding area. In children, the large
anastomotic vascularization involving the disc is responsible
for the selective disc localization which is reported quite
exclusively in the pediatric population.*

Etiology

In industrialized countries, the most common pathogen
identified is the Staphylococcus aureus. In spinal infection,
the incidence of methicillin-resistant S. aureus (MRSA)
varies from 6.8% to 30% of the cases, mostly in patients
with specific risk factors (IVDU, intravascular devices,
and hematological diseases).?® Tuberculosis is the most
represented pathogen worldwide for spondylodiscitis,
with an incidence of 46% in developing countries.?” In
industrialized countries, it is found in immunosuppressed
people and in those coming from endemic areas.
Tuberculosis involves mostly the thoracic spine, with
extension in additional segments of the vertebral
column.?” Brucellosis represents the predominant cause of
spinal infection (21%—48%) in endemic areas of the Middle
East and Mediterranean Basin.!
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Diagnosis

Spondylodiscitis represents a diagnostic challenge,
often characterized by diagnostic delay since the clinical
presentation often lacks in specific signs and symptoms, with
a subacute or chronic presentation.!?s%!

The diagnosis relies upon three cornerstones: physical
examination, blood tests, and imaging.

Pain (axial and/or radicular) is the most encountered
symptom, typically constant and worsening during the
night.* However, up to 15% of patients can be pain free.b!
Fever is less common, being present in 48%—63% of cases,*2%
with a reduction to 17% in tuberculosis.* Neurological
impairment, due to spinal cord or root compression, might
be encountered in about one-third of the patients.”*! Motor
weakness to the upper and lower limbs, sphincter function,
and sensory loss to the trunk and limbs must be carefully
evaluated.

Laboratory findings include erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), and white blood cell (WBC)
count. Among these markers, WBC count has low sensitivity
and ESR has low specificity.”™ An elevation in CRP values
might be encountered in >90% of spondylodiscitis cases,*!
and its return to normal values after adequate therapy
has been considered to be the best marker for treatment
response.!

Blood cultures should be obtained in every case in which
there is a clinical suspicion for spondylodiscitis. They can
be diagnostic in up to 70% of patients, not only in cases
with fever but also in clinically bland cases and afebrile
patients.?l At least two to three pairs of blood cultures should
be obtained, for aerobic, anaerobic, fungal, and mycobacterial
agents. If a Gram positive is identified in blood cultures,
an echocardiography should be obtained to exclude the
presence of endocarditis.?®

First-level radiological investigations include X-rays,
computed tomography (CT), and magnetic resonance
imaging (MRI).

In the early phase (1-3 weeks) of the infection disease, plain
radiographs might not evidence any alteration or show only
radiolucency in the vertebral endplate and narrowing of the
disc space. Specific radiographic signs of the disease, such
as involvement of two adjacent endplates and destruction
of vertebral bodies, can be observed in an advanced
phase.P” X-rays should be performed in the early diagnostic
phase to evaluate any malalignment (on both coronal and

sagittal planes)® and could be used during follow-up to
evaluate deformity progression.

CT can assess bony changes with good sensitivity. Disc
hypodensity might be encountered in the early phase, while
endplate erosion and vertebral body disruption are signs
of a more advanced phase. Sequestra and pathological
calcifications are typical of tuberculosis.?”!

MRI with gadolinium enhancement is considered the gold
standard for the diagnosis of spondylodiscitis and allows a
clear visualization of soft tissues and neurological structures.®
Early signs include inflammatory edema and hyperemia, with
hypointensity in T1-weighted images and hyperintensity
in fluid-sensitive sequences in both bone marrow and
intervertebral discs.? After contrast administration, a
homogeneous enhancement of the disc space, bone marrow,
posterior elements, and paraspinal areas might be seen.’!

In case of uncertain diagnosis or equivocal MRI, a positron
emission tomography CT with F-18 fluorodeoxyglucose ("*FDG
PET-CT) might be performed since this technique has been
shown to have a good sensitivity and specificity.”**! Compared
to gallium-based single-photon emission CT (SPECT), '8FDG
PET-CT offers superior image resolution and a good
anatomical localization of the uptake site, allowing a
clear differentiation between degenerative and infectious
pathology.*'#? If the 'FDG PET-CT is suggestive for an
infectious disease, or the standard imaging combined with
laboratory tests and physical examination is suggestive for
an infectious disease, a multidisciplinary approach involving
spinal surgeons and infectious disease specialists should be
undertaken.

In cases without neurological deficit, vertebral instability,
spinal deformity, or sepsis, the patient should be investigated
by a CT-guided biopsy. In the absence of neurological
impairment and with stable hemodynamics, the antibiotic
therapy should be hold until the cultural samples will be
harvested. CT-guided biopsy yield has been investigated in
a recent meta-analysis, and the authors reported a yield for
detection of the responsible agent of 48%, at the lower end
of the previously reported range 31%-91%.14’!

In patients with hemodynamic instability, sepsis, septic shock,
and progressive neurological impairment, empiric antibiotic
therapy should be started while waiting for the results of the
microbiological analysis."*

Particular attention must be paid in collecting samples for
both microbiological and pathological investigations since
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both can be of help in confirming the diagnosis. In cases of
patients who received a prior antibiotic therapy, or in case
of Brucella or mycobacterial infection, a molecular diagnosis
with polymerase chain reaction might be helpful.*# In case
of tuberculosis or Brucella infection, immunological tests in
serum or plasma have been shown to be of value.

Open biopsy should be reserved in cases of negative
CT-guided biopsy cultures since it allows in harvesting
sufficient material for cultures.** Finally, when the cultures
do not permit to identify the responsible agent, an empirical
antimicrobial treatment should be started.

Treatment

Treatment of spinal infections has the following goals:
(1) eradicate the microbial agent; (2) preserve neurological
function; (3) restore spinal stability and morphology;
(4) debride and decompress the spinal canal in case of
epidural abscess; and (5) promote bone fusion of the involved
segments.*!

In the absence of emergencies, the antibiotic treatment
should be delayed until samples for cultures are obtained.
In case of negative cultures, an intravenous empiric
wide-spectrum antibiotic therapy is recommended. Empirical
antimicrobial therapy should cover against Gram-positive
organisms (staphylococcus including MRSA and streptococcus)
and Gram-negative bacilli (Escherichia coli is the most
represented). Accordingly, the recommended treatment
should include vancomycin and a third- or fourth-generation
cephalosporin. In case of allergy or intolerance, alternative
combinations might include daptomycin and a quinolone.*!
Furthermore, dalbavancin has been described as a promising
agent against MRSA spondylodiscitis./*! Empiric treatment
should not include coverage against anaerobic, fungal,
Brucella, or mycobacterial organisms.

For S. aureus and MRSA, there are controversial positions
about the duration of antibiotic treatment. According to some
authors, in uncomplicated pyogenic spondylodiscitis, 6-week
treatment (2 weeks intravenous followed by 4 weeks oral)
does not lead to an increase in mortality, relapse, and failure
rate if compared to 12-week treatment.*”! Other studies
suggest that at least 8 weeks of antibiotic treatment may
provide with successful results." For tubercular spondylitis,
it has been suggested that 12-month long treatment, using
isoniazid, rifampin, pyrazinamide, and ethambutol for
the initial 2 months followed by a maintenance therapy
for 10 months, can be effective. If no information on
sensitivities is available, isoniazid, ethambutol, and rifampin
are continued. If isoniazid and rifampin are active, they are

continued for 12 months. If other combinations are used,
therapy is extended to 18-24 months.?* Recently, it has been
suggested that 6-month antitubercular therapy has a similar
outcome of 12-month therapy at 24-month follow-up.*!

For Brucella infection, many combinations have been
proposed: doxycycline and rifampicin,* doxycycline and
ciprofloxacin,®' and doxycycline plus streptomycin.®>!

Fungal infection requires an appropriate antimycotic treatment,
specifically addressed against Coccidioides, Blastomyces,
Cryptococcus, Candida, or Aspergillus > Fungal spondylodiscitis
might be related to the use of immunosuppressive drugs,
prolonged use of broad-spectrum antibiotics, widespread
use of indwelling catheters, and acquired immunodeficiency
syndrome.>?

Since the antimycotic treatment might have a considerable
toxicity, early surgical treatment is often recommended./*>>3!
Pain medications should be always considered since it is the
most reported symptom. An operative algorithm of treatment
for spontaneous spinal infection is proposed in Figure 1.

CLINICAL SUSPICION

BLOOD TEST
Blood Cultures, CRP,
ESR, WBC

IMAGING
X-Rays, CT scan, MRI
with Gadolinium

PHISICAL
EXAMINATION

/

NEGATIVE OR
UNCERTAIN

| NEGATIVE | | POSITIVE /

CONSULT WITH INFECTIOUS
DISEASES SPECIALIST
& SPINAL SURGEON

/

CLINICAL\RADIOLOGICAL CRITERIA
OTHER No N logical deficit, N logical deficit
o Neurological deficit, eurological deficit,
DIAGNOSES Vertebral Instability / Vertebral Instability /
Deformity, Sepsis Deformity, Sepsis
/ \l
CT-GUIDED SURGERY & EMPIRICAL
BIOPSY ANTIBIOTIC THERAPY
NEGATIVE l
INTRAOP
SAMPLES
SURGICAL PATHOGEN
BIOPSY IDENTIFIED NEGATIVE
NEGATIVE TARGETED EMPIRICAL
THERAPY THERAPY
4

EMPIRICAL

ANTIBIOTIC THERAPY FoLLow-up

Figure 1: A proposed operative algorithm for the treatment of spontaneous
spinal infections (CRP - C-reactive protein; ESR - Erythrocyte sedimentation
rate; WBC - White blood cell; CT - Computed tomography; MRI - Magnetic
resonance imaging)
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Conservative treatment

Conservative treatment is the treatment of choice in
patients without neurological deficit, spinal instability,
deformity, and sepsis or with high surgical risk.”>*! Such an
approach results appropriate for the majority of pyogenic
spondylodiscitis with satisfactory results in 72%-85.7% of
patients. >

Conservative treatment is based on the immobilization of
the involved spinal segment with rigid orthosis combined
with antibiotic treatment. Orthosis redistributes the load
over the adjacent unaffected spinal segments, decreases
stress and pressure in the affected area, mitigates pain, and
prevents segmental deformity.® Furthermore, immobilization
with orthosis avoids prolonged bed rest,*” a procedure
recommended in the past in case of spondylodiscitis but
nowadays almost abandoned.? Some authors suggest the
use of an orthosis until complete infection healing®' or for
a period spanning 6—10 weeks.” Residual chronic back pain
has been described in up to 17.1% of cases of spondylodiscitis,
mostly in conservatively treated patients with kyphosis or
pseudarthrosis.”” Known risk related to immobilization
includes pseudarthrosis at the involved level in 16%-50%
of the cases, which may lead to kyphotic deformity and
pain.®! Conservative treatment should be abandoned if the
symptoms persist or worse and if the inflammatory indicators
and neuroradiological imaging do not provide signs of
normalization. In these cases, surgical management should
be considered.”

Surgical treatment

Surgical treatment is generally recommended in case of
neurological deficit, spinal instability, spinal deformity, sepsis,
intracanalar lesion with mass effect, failure of conservative
treatment including intractable pain, and patient’s lack of
compliance for conservative treatment.*?35%l The goals
of surgery are to remove the septic focus, identify the
responsible microbial agent, stabilize the affected spinal
segment, and promote bone fusion. Furthermore, it allows
a rapid postoperative mobilization and a more reliable
treatment of pseudarthrosis and kyphotic deformity. Surgery
is strongly indicated in presence of epidural abscess, even in
the absence of neurological impairment.!

Spinal cord compression is a surgical emergency. The
reported outcomes are worse if emergency surgery is
performed after 24-36 h upon the onset of the neurological
deficit.’ The recommendations for the surgical treatment
are still controversial. The standard procedure involves
debridement of the septic focus, span interposition, and then
instrumented stabilization.” Many surgical approaches have
been proposed, but in the absence of strict guidelines, the

treatment depends on patient characteristics and experience/
preference of the surgeon.

Posterior decompression should be reserved in cases of
isolated primary epidural abscesses, in the absence of
vertebral bodies or disk involvement due to the risk of
spinal instability.”” Furthermore, for isolated decompression
procedure, it has been reported a reoperation rate up to
43%.58 For the cervical spine, the debridement can be obtained
through an anterior approach (discectomy or corpectomy)
completed with anterior plating.”® Posterior instrumentation
is recommended in case of multilevel corpectomy.*! In
the thoracic spine, an anterior approach (transthoracic,
posterolateral, and thoracoscopic) is generally recommended
in monosegmental lesions in the absence of posterior
element involvement. In case of extensive bone erosion,
an anterior approach can be followed by a posterior
fixation.® For the thoracolumbar junction and lumbar spine,
the same principles might be applied. Debridement can be
performed through an anterior retroperitoneal,*>* lateral
transpsoas, or posterior approach,® followed by posterior
instrumentation. Minimally invasive techniques have also
been adopted. Percutaneous screw-rod instrumentation
has been described as an alternative to bracing in patients
with single-level thoracolumbar pyogenic spondylodiscitis
and high functional demands!®'®? or as standard procedure
after anterior debridement.” As an alternative to surgery,
percutaneous drainage of paravertebral and intradiscal
abscesses has been reported.©!

Follow-up

The follow-up is based on clinical findings and laboratory
tests. WBC, CRP, and ESR should be repeated every
10-15 days for the first 2-3 months. If the laboratory
results are favorable, the tests can be repeated at 3, 6, and
12 months. Pain and mobility improvement, absence of fever,
and normal values of WBC, ESR, and CRP are suggestive for
a good clinical outcome.

Follow-up MRI is not recommended if clinical findings
and laboratory tests are satisfactory since persistence of
alterations in radiological imaging has been reported, even
after complete recovery.!'"%5%l If an alteration in laboratory
findings is evidenced and/or the clinical status has changed,
new imaging is advisable. The rate of recurrence has been
reported between 0% and 14%.**4 Although its use is not
widespread, '8FDG-PET CT seems to be a promising technique
in the suspect of relapse.l’”! A possible instability during
follow-up can be detected performing flexion-extension
X-rays."®! If no response to therapy is evidenced during
follow-up, it is advisable to repeat attempts to bacterial
isolation.
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CONCLUSION

Spontaneous spinal infection should be suspected in any
patient with prolonged vertebral pain with or without a
history of febrile episodes, laboratory data for leukocytosis,
increased ESR, and elevated CRP. Current treatment protocols
require treatment by a multidisciplinary team of physicians,
including infectious disease experts, neuroradiologists, and
spine surgeons. The team will be able to assess the best
treatment approach on an individualized basis, whether it
is surgical or nonsurgical.
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