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Abstract:
The incidence of spontaneous or primary spondylodiscitis has been increasing over the years, affecting the aging popula-

tion with multiple comorbidities. Several conditions influencing treatment outcomes stand out, such as diabetes mellitus, re-

nal insufficiency, cardiovascular and respiratory dysfunction, and malnutrition. Due to these, the question arises regarding

properly managing their current conditions and pre-existing disease states. Treatment plans must consider all concomitant

comorbidities rather than just the infectious process. This can be done with the help of multidisciplinary teams to provide

comprehensive care for patients with pyogenic spondylodiscitis. To date, there is no article regarding comprehensive medi-

cine for spontaneous pyogenic spondylodiscitis; hence, this paper reviews the evidence available in current literature, recog-

nizes knowledge gaps, and suggests comprehensive care for treating patients with spinal infections.

Pre-requisites for implementing multidisciplinary teams include leadership, administrative support, and team dynamics.

This group comprises an appointed leader, coordinator, and different subspecialists, such as orthopedic surgeons, infectious

disease specialists, internists, rehabilitation doctors, psychiatrists, microbiologists, radiologists, nutritionists, pharmacologists,

nurses, and orthotists working together with mutual trust and respect.

Employing collaborative teams allows faster time for diagnosis and improves clinical outcomes, better quality of life, and

patient satisfaction. Forefront communication is clear and open between all team members to provide holistic patient care.

With these in mind, the need for employing multidisciplinary teams and the feasibility of its implementation emerges, show-

ing a promising and logical path toward providing comprehensive care in managing multimorbid patients with pyogenic

spondylodiscitis.
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Introduction

The incidence of spontaneous or primary pyogenic spon-

dylodiscitis has been increasing over the years and is esti-

mated at 4-24 cases per million inhabitants per year1). From

2010 to 2019, its incidence almost doubled in developed

countries2), comprising 2%-7% of all musculoskeletal infec-

tions3).

Compared to postoperative spondylodiscitis, recent studies

show that spontaneous spondylodiscitis has a higher predis-

position for epidural abscess, paraspinal abscess, and bone

destruction, leading to a complicated clinical course with

high mortality4). As the aging population is progressively in-

creasing, patients with spondylodiscitis are immunocom-

promised with multiple comorbidities, placing them at a

high risk for serious adverse events5). Due to this, healthcare

providers must be wary of the risks and benefits of different

treatment options to ensure safety. The conservative route is

the mainstay of treatment and has satisfactory outcomes, but

surgical intervention may be warranted based on response to

antibiotics and spinal stability2). Although conventional man-

agement has been established, treatment plans are tailored

for each patient and are made on a case-to-case basis involv-

ing multiple subspecialties.

To date, there is no article regarding comprehensive medi-

cine aside from conventional orthopedic management for
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spontaneous pyogenic spondylodiscitis; hence, this paper re-

views the evidence available in current literature, recognizes

knowledge gaps, and suggests comprehensive treatment for

multimorbid patients with spinal infections.

Current Trends in Pyogenic Spinal Infections

Pathophysiology

The mechanisms of infection of pyogenic spondylodiscitis

comprise three pathways: hematogenous seeding, contiguous

spread, and direct inoculation. Hematogenous spread is com-

monly through the arterial circulation but can also dissemi-

nate via the Batson’s plexus, which acts as a route for

spreading pelvic and genitourinary infections6,7). Contiguous

spread may be from the respiratory tract, oral cavity, urinary

or gastrointestinal tract, or infected cardiac devices. Direct

inoculation may occur through procedures, such as epidural

blocks or lumbar punctures, and intravenous drug use6).

Location

Pyogenic spinal infections were present in different loca-

tions. They may be classified as vertebral osteomyelitis;

discitis or spondylodiscitis; spinal canal infections, such as

epidural, subdural, and intramedullary abscess; and paraspi-

nal infections6). Hadjipavlou et al. reported that the lumbar

spine (56%) is the most commonly affected, followed by the

thoracic (34%) and cervical (10%) areas8). Neurologic defi-

cits are seen more in thoracic infections (19%) than in the

cervical (15%) and lumbar spine (9%) due to small medul-

lary canal diameter and limited arterial supply9,10).

Etiology

Identifying the offending organism is one of the most im-

portant steps in treating spine infections. In 84% of cases,

the organism identified is Staphylococcus aureus1), where

6.8%-30% are methicillin-resistant6). Gram-negative organ-

isms are seen in 7%-33%, commonly Escherichia coli, to-

gether with Proteus mirabilis, Klebsiella spp., and Entero-
coccus spp. These usually occur in those with advanced age,

diabetics, patients with gastrointestinal tract infections, and

those who previously underwent surgery. The growth of

Pseudomonas aeruginosa is seen in intravenous drug users,

although S. aureus is still the predominant organism in this

population1,7). Staphylococcus epidermidis is usually attrib-

uted to implant-related infections. Brucellosis is prevalent in

the Mediterranean and Middle Eastern countries, affecting

6%-12% of patients, and Echinococcal infections may be

seen in South America, southern and central Russia, China,

and some parts of Africa1).

Gender and age distribution

Patients with pyogenic spondylodiscitis are usually males

in the 8th decade of life with multiple comorbidities, most

commonly diabetes mellitus (DM)11). Those over 65 years

old are at a high risk of having neurological complications12),

including those with DM and rheumatoid arthritis13). Other

risk factors that increase mortality include end-stage renal

disease that needs hemodialysis, liver cirrhosis, malignancy,

infective endocarditis11), and chronic steroid use3).

Diagnosis

The most common presenting symptom is back or neck

pain that usually worsens at night6). Pain onset is insidious

and severe, lasting for several weeks, with 80% of patients

experiencing no relief with analgesics. Fever is present in

35%-60% of cases14), and neurologic deficits are seen in

30% of patients6). Tenderness on direct palpation or paraspi-

nal muscle spasm may also be appreciated1,14).

Standard laboratory examinations include C-reactive pro-

tein (CRP), erythrocyte sedimentation rate (ESR), and white

blood cell count. Procalcitonin (PCT) may be taken, al-

though its sensitivity is lower than that of CRP15), and that is

better used as a predictor of the persistence of bacterial in-

fection rather than for diagnosis16). Since patients with pyo-

genic spondylodiscitis are multimorbid, hemoglobin A1c

(HbA1c), glomerular filtration rate (GFR), and albumin

should also be part of the workup. At least two pairs of

aerobic and anaerobic blood cultures should be obtained17,18),

which can be used as a diagnostic material in 40% of pa-

tients even without fever17,19). When cultures yield gram-

positive organisms, an echocardiogram screen for infective

endocarditis6). Image-guided aspiration biopsy is recom-

mended for patients whose microbiologic diagnosis has not

been established after serologic cultures18). Open biopsy is

only indicated for negative image-guided aspiration results6).

Plain radiographs are the initial imaging examination as

they show the extent of bone destruction and provide infor-

mation regarding deformity and instability. The narrowing of

disk spaces is the early radiographic findings, followed by

the scalloping of adjacent endplates1). Computed tomography

shows bony sequestra formation and vertebral body destruc-

tion, which is essential in surgical reconstruction1,20). Mag-

netic resonance imaging (MRI) is the gold standard in the

radiographic diagnosis of spondylodiscitis, allowing visuali-

zation of soft tissues and neurologic structures with 96%

sensitivity, 92% specificity, and 94% accuracy1,6). Early find-

ings include edema, hypointense T1 and hyperintense T2

vertebra, and disk signals. Contrast administration shows en-

hancement of the disk, adjacent vertebral bodies, posterior

elements, and paraspinal areas6).

Several mimickers of disease should be differentiated

from bacterial infection (Table 1). Tuberculous spondylitis

typically spares the disk, which may be seen with Gibbus

deformity and present with a calcified paraspinal mass with

rim enhancement21). Osteoporotic vertebral fractures usually

have a linear or triangular area of hyperintensity in fat-

suppressed T2-weighted images corresponding to vertebral

body edema called the fluid sign22). Metastatic lesions have a

halo sign with a bright rim around the area of metastasis

and expansile lesions with a predilection for the posterior

column23).
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Table　1.　Imaging Findings of Pyogenic Spondylodiscitis as Compared to Differential Diagnoses1, 6, 14, 19-21, 73-75).

Pathology Classic Findings Radiographic Features CT scan Features MRI Features

Pyogenic 

spondylodiscitis

Homogenous enhancement 

of disk space, bone marrow, 

posterior elements, and 

paraspinal areas after con-

trast administration

Disk space narrowing

Endplate irregularity

Endplate destruction

Sequestra formation

T1WI hypointense

T2WI hyperintense

Post-gadolinium hyperintense 

(homogenous enhancement)

Tuberculous 

spondylitis

Spares intervertebral disk

Intraosseous abscess

Subligamentous spread

Gibbus deformity: verte-

bral body collapse and 

anterior wedging with 

local kyphosis

Bone necrosis

Pathological calcifica-

tions

T1WI hypointense

T2WI hyperintense

Post-gadolinium hyperintense 

(intraosseous abscess with rim 

enhancement)

Osteoporotic 

vertebral 

fractures

Fluid sign: linear or triangu-

lar area of hyperintensity in 

fat-suppressed T2WI corre-

sponding to vertebral body 

edema

Anterior vertebral height 

loss of 20%

Endplate deformity

Puzzle sign: sharp frac-

ture lines without corti-

cal destruction

Vacuum phenomenon/ 

air-filled cleft

T1WI hypointense

T2WI hyperintense

Post-gadolinium isointense 

(“return-to-normal” signal in-

tensity)

Metastatic 

lesions

Halo sign: bright rim around 

the area of metastasis

Expansile lesions with predi-

lection for posterior column

Erosion along pedicles or 

posterior vertebral body

Posterior cortical de-

struction

Epidural mass displac-

ing thecal sac or en-

croaching neural fora-

men

T1WI iso- to hypointense

T2WI hyperintense (osteolyt-

ic) or iso- to hypointense (os-

teoblastic)

Post-gadolinium hyperintense 

(heterogenous enhancement)

CT, Computed tomography; MRI, Magnetic resonance imaging; WI, weighted image

Historically, classification systems have been used to de-

scribe disease severity. Kulowski classified the condition

chronologically: acute (<3 weeks), subacute (3 weeks to 3

months), and chronic (>3 months)24). Griffiths and Jones

categorized pyogenic spondylodiscitis based on bone de-

struction on plain radiographs: early (narrowing of disk

space), destructive (vertebral collapse and bone prolifera-

tion), and sclerotic (healing and new bone formation)25).

However, since these categories provide no recommendation

concerning treatment, new classification systems have been

developed based on clinical and radiographic characteristics.

Pleumer et al. designed the Spinal Infection Treatment

Evaluation (SITE) Score (Table 2). This considers neu-

rologic symptoms, location of the infection, radiographic

findings, pain, and comorbidities. Treatment options are

based on the overall score where 0-8 suggest surgical inter-

vention, 9-12 recommend medical treatment and optional

surgical management, and 13-15 advocate for medical inter-

vention26). The Pola classification (Table 3) further describes

specific treatment schemes by categorizing the disease based

on the absence of bone destruction or segmental instability

(Type A), the presence of spinal instability without epidural

abscess and neurological impairment (Type B), and the pres-

ence of epidural abscess and/or neurological impairment

(Type C). A secondary criterion depends on paravertebral

soft tissues and intramuscular abscess involvement. Rigid or-

thosis immobilization may be done for Type A, rigid ortho-

sis immobilization or percutaneous stabilization for Type B,

and open debridement and stabilization and/or debridement

for Type C27).

Selection of antibiotics

For effective antibiotic management, treatment should al-

ways be culture-guided. Empiric antibiotics should only be

administered in patients who are septic, hemodynamically

unstable, or with progressive neurologic deficits6). Due to

poor vascularity and low oxygen tension at areas of infec-

tion, penetrating the intervertebral disk and the bone is diffi-

cult. Studies show that positively charged antibiotics, such

as gentamicin, vancomycin, clindamycin, and aminogly-

cosides, can penetrate the disk better compared to negatively

charged ones, such as linezolid, penicillin, and cepha-

losporins, as the extracellular matrix of the disk is also

negatively charged28-30).

Beta-lactams have moderate penetration and are the initial

choice when starting treatment due to good tolerance and

high dosages that can be given parenterally. Clindamycin

has higher penetration than beta-lactams and has good

bioavailability; hence, it is a good choice for oral stepdown.

Fluoroquinolones are broad-spectrum antibiotics, have good

bone penetration, and can be used for prolonged periods due

to their good safety profile. Rifampicin is particularly effec-

tive for biofilm and has good bone penetration but should

always be used with another antibiotic due to rapid resis-

tance development. Glycopeptides, such as vancomycin and

teicoplanin, are first-line antibiotics for methicillin-resistant

S. aureus (MRSA). Compared to teicoplanin, vancomycin

has better efficacy but with lower activity in anaerobes.

Lipopeptides, such as daptomycin, may also be used for

MRSA; it also works on biofilm. Linezolid is an oxazolidi-

none working against gram-positive organisms and MRSA.

However, prolonged use may result in hematotoxicity, such

as anemia and thrombocytopenia19). The treatment of Pseu-
domonas and Enterococcus species includes a combination

of two drugs, but the role of combined antibiotic therapy is

currently unclear for S. aureus31).
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Table　2.　Spinal Infection Treatment Evaluation Score26).

Variable Score

1. Neurology

Acute plegia or bladder/bowel dysfunction Surgery

Motor dysfunction 1

Sensory dysfunction 2

Neurologically intact 3

2. Location

Junctional (occiput–C2, C7–T2, T11–L1, L5–S1) 1

Mobile (C3–6, L2–4) 2

Semirigid (T3–10) 3

Rigid (S2–5) 4

3. Radiology

Spinal canal stenosis with central neural element impingement with or without de novo deformity 1

Segmental angulation or translation with de novo deformity or foraminal stenosis OR erosion of vertebral body 

on CT >50% OR posterolateral involvement on both sides
2

Visible endplate erosion on CT OR edema of vertebral body >50% on MRI OR intervertebral disk involvement 

on MRI OR posterolateral involvement on one side
3

None of these radiographic findings 5

4. Pain

Standing axial pain OR inability to ambulate 0

Other pain with inability to ambulate 1

No pain 2

5. Host comorbidities

Intravenous drug use or diabetes mellitus 0

Other comorbidities or no comorbidities 1

SITE Score Treatment Group Overall Score

Severe spinal infection with high instability probability or neural element impingement
0–8

Surgery recommended

Moderate spinal infection, moderate risk of instability or neural element impingement
9–12

Medical treatment recommended; surgical treatment optional

Mild spinal infection, mild to no instability risk or neural element impingement
13–45

Medical treatment recommended

CT, computed tomography; MRI, magnetic resonance imaging

Conditions Influencing Treatment Outcomes

Nutrition

Patients with spondylodiscitis are chronically ill and un-

der severe stress due to the catabolic nature of the condition.

Malnutrition is a modifiable preoperative risk factor32); yet

nutritional evaluation is often understated in patients with

spine problems33). Common measures used to look at nutri-

tional status are serum albumin and total lymphocyte count,

which quantify protein mass and depict the integrity of im-

mune response, respectively. Serum albumin of <3.5 mg/dL

and total lymphocyte count of <1,500-2,000 cells/mm3 are

the objective limits determining malnutrition19). Low levels

are associated with immunosuppression, postoperative infec-

tions, poor cardiac function, muscle wasting, and increased

mortality32,33). Kugimiya et al. reported that among patients

treated for pyogenic spondylodiscitis, those who achieve

cure through conservative management depicted by CRP

normalization are those with albumin ≥3.12 g/dL. Those

with albumin ≤2.85 g/dL are likely to fail in conservative

management34).

To address malnutrition, voluntary oral feeding and im-

munonutrition (IMN) have been introduced. IMN, either en-

teral or parenteral, comprises formulas to support stress

states and improve immune response. Enteral feeding is ad-

vocated as it is more physiologic and provides better out-

comes35). The North American Surgical Nutrition Summit

outlined the IMN protocol comprising preoperative admini-

stration of 500-1,000 mL/day of arginine, omega-3 fatty ac-

ids, and nucleotide formula 5-7 days before any surgical in-

tervention and 1,000 mL/day of the same formula 5 days af-

ter surgery36). With nutritionists and the nutrition manage-

ment team of the hospital, nutritional buildup should be

done in at-risk patients to avoid severe adverse events32,33,37).

Medical comorbidities

Diabetics have a higher predisposition to spinal infections

than healthy cohorts5,38). Bacteria thrive in high glucose envi-

ronments, and the hyperglycemic state impairs the body’s

ability to respond to antimicrobial therapy39). In a prospective

study on spondylodiscitis profiling by Kapsalaki et al., they
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Table　3.　Pola Classification27,76).

Type Description Treatment of Choice

Type A All cases without biomechanical instability, epidural abscesses or neurological involvement

A1 Simple discitis without vertebral body involvement Rigid orthosis immobilization

A2 Spondylodiscitis involving the intervertebral disk and adjacent ver-

tebral bodies

Rigid orthosis immobilization or percutaneous stabilization

A3 Spondylodiscitis with limited paravertebral soft tissue involvement

A4 Spondylodiscitis with unilateral (A.4.1) or bilateral (A.4.2) intra-

muscular abscesses

Type B Cases with radiological instability of significant bone destruction without epidural abscesses or neurological involvement

B1 Destructive spondylodiscitis without segmental instability Rigid orthosis immobilization or percutaneous stabilization

B2 Destructive spondylodiscitis extending to paravertebral soft tissues 

without segmental instability

B3 Destructive spondylodiscitis with biomechanical instability and seg-

mental kyphosis

Percutaneous or open stabilization

Type C All cases with neurological compromise or epidural abscesses

C1 Epidural abscess without neurological impairment and segmental 

instability

Rigid orthosis immobilization or percutaneous stabilization 

with closer clinical-radiological monitoring

C2 Epidural abscess and segmental instability without neurological im-

pairment

Open debridement and stabilization

C3 Epidural abscess and acute neurological impairment without seg-

mental instability

Open debridement and decompression

C4 Epidural abscess and acute neurological impairment with segmental 

instability

Open debridement, decompression and stabilization

saw that 75% of patients in the cohort had uncontrolled DM

indicated by deranged HbA1c levels40). The recommended

random blood sugar level is 140-180 mg/dL41), and the HbA

1c cutoff is 6.9%, especially in those needing operative in-

tervention. High levels are remarkably correlated with surgi-

cal site infection42). Despite the type of management,

whether conservative or surgical, DM increases the risk for

mortality and leads to poor prognostic outcomes; hence, a

collaborative effort with endocrinologists is essential5).

Kidney function, measured by the GFR, also influences

the outcomes of patients with spondylodiscitis. Bacteremia

resulting in inflammation and ischemia is thought to cause

acute kidney injury, leading to GFR derangement. As GFR

decreases, complication rates increase. Notable outcomes in-

clude delayed wound healing, pneumonia, implant failure,

longer hospital stays, and higher mortality rates. In patients

with GFR of >60 mL/min/1.73 m2, a remarkable decrease in

the need for monitoring at the intensive care unit was ob-

served. Hence, this parameter can be used to predict compli-

cation risks. Electrolyte management, maintenance of an

adequate volume status, and avoidance of nephrotoxic drugs

with the help of nephrologists may be done to improve kid-

ney function43).

Another important yet underrepresented assessment in

most orthopedic sections is psychiatric status. As the popula-

tion of patients with spondylodiscitis is growing older, many

have problems in using opioids and narcotics44). Due to de-

layed diagnosis owing to non-specific symptoms and possi-

ble spinal instability stemming from the condition, many ex-

perience chronic pain treated by a myriad and overdosage of

analgesics. Chronic pain commonly occurs with mental and

substance use disorders, where patients are at risk for suici-

dal ideation45), depression, and delirium. On taking follow-up

quality of life scores of patients treated for spondylodiscitis,

the mental health component of the EuroQol five-dimension

questionnaire (EQ-5D) was significantly lower than that of

the age-matched healthy cohort. This implies that psycho-

logical assessment should be done routinely upon admission,

followed up throughout the entire hospital stay, and continue

even after discharge with the help of psychiatrists46). Work-

ing with pharmacists and geriatricians would also be essen-

tial to avoid polypharmacy and ensure that only essential

medications are taken.

Treatment Options

Conservative treatment

Success with conservative treatment is best seen in pa-

tients in the early phase of the condition where the duration

of disease is <3 months. Non-surgical management is the

treatment of choice and provides satisfactory results up to

85.7%6), even in those with extremely elevated CRP levels

as long as there is no paralysis or worsening kyphosis47).

Most guidelines recommend antibiotic treatment for 6-12

weeks with varying rationale18). McHenry et al. saw that par-

enteral therapy for 4-6 weeks is the minimum duration of

treatment where oral antibiotics are given indefinitely until

pain, CRP and ESR levels, and mobility improve48). Bernard

reported that 6-week and 12-week antibiotic treatment have

the same effect, where patients are cured without needing

further antibiotic treatment at the 1-year follow-up. How-

ever, there was no standardized parenteral and oral antibiotic

administration duration in this study49). This was addressed
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by Rutges et al., wherein they reported that antibiotic ther-

apy, as long as it targets a specific pathogen, can be short-

ened from 6 weeks to 2 weeks (intravenous) and 4 weeks

(oral)―without risk of relapse or infection-related mortal-

ity50).

In addition to antibiotics, bracing with a rigid orthosis is

advocated to control pain by redistributing loads to adjacent

spinal segments, preventing deformity and encouraging am-

bulation. The duration varies, but it is recommended until

the infection or bony fusion is resolved, which is expected

for up to 6-10 weeks6).

Rehabilitation is also essential to non-surgical treatment

and should be done as early as possible. In patients without

neurologic deficits and with manageable pain, bed rest

should be kept to a maximum of 72 h. Prolonged immobili-

zation can lead to trunk and lower extremity muscle weak-

ness, resulting in immobilization-related morbidity, such as

urinary tract infection and decubitus ulcers. In the acute

stage of illness, where pain scales are high and movement

might be difficult, isometric, passive, and active-assisted ex-

ercises should involve all joints and muscles to avoid con-

tractures and atrophy. Respiratory exercises should be in-

cluded, especially for those with thoracic spine infections.

Proper bed positioning and turning every 2 h is advocated to

avoid pressure sores. Once patients are comfortable with

pain and have the appropriate brace, out-of-bed mobilization

is done, including active and active-assisted exercises, sitting

on the edge of the bed, balance exercises, and ambulation

with assistive devices51).

Surgical management

Surgical management for primary spinal infections is re-

served for patients with progressive neurologic deficits, sec-

ondary spinal deformity, and poor response to conservative

treatment2). The main contraindications are if the patient is

severely ill, in poor general condition, and cannot withstand

the stresses of surgery, leading to more risks52,53).

Early surgical intervention is recommended for patients

who develop complete paraplegia due to thoracic or cervical

epidural abscess and those with cauda equina syndrome due

to lumbar epidural abscess. Traditionally, procedures of

choice for surgical treatment include anterior decompression

and fusion with titanium cages or strut grafts and one- or

two-stage posterior stabilization19). Metallic implants were

initially believed to act as targets of bacteria and biofilm

formation, reducing antibiotic penetration in areas of infec-

tion. Pluemer et al. reported that this is safe and effective

without difference in recurrence of infection and failure of

treatment between instrumented and non-instrumented sur-

gery54). However, Carragee reported a 47% risk for postop-

erative complications in his series, which were most com-

monly instrumentation failure and wound dehiscence55).

Wang et al. saw that open surgery entails high blood loss,

leads to frequent blood transfusion, and has a 10% mortality

rate56). Also, surgically treated patients are predisposed to

high odds of having medical complications (odds ratio

[OR]: 2.62) and surgical site infection (odds ratio [OR]:

6.04) leading to prolonged hospital stay57). Due to these

numbers and since patients are at high risk, techniques have

been advocated to lessen the invasiveness of surgical man-

agement.

Percutaneous aspiration and drainage is one method done

under local anesthesia where saline infusion and suction as-

piration are performed through a tube placed on the in-

tervertebral disk. In 2010, Ando et al. reported good results

in 73% of patients treated using this technique within a 10-

year period58). Similarly, in 2018, Griffith-Jones et al. re-

ported that this is a truly minimally invasive option offering

promising outcomes for patients in the early stages of the

disease59). Ito et al. looked into posterolateral endoscopic de-

bridement and irrigation and achieved short operative times

and low blood loss, including statistically significant im-

provement in pain and laboratory parameters. Neurologic

function recovered progressively, and radiographic evalu-

ation showed the resolution of abscesses and bony fusion60).

Key points are curettage of intervertebral disk and vertebral

body to remove infected disk material and stimulate bone

bleeding to facilitate healing61,62).

Posterior fusion helps alleviate pain, correct or preserve

spinal alignment and stability of the segment1). One method

is percutaneous pedicle screw fixation alone, which Fuku-

take et al. saw as an effective technique to alleviate pain,

leading to a short ambulation period and hospital stay63). Lai

et al. compared percutaneous endoscopic drainage and de-

bridement (PEDD) with percutaneous endoscopic interbody

debridement and fusion (PEIDF) using percutaneous pedicle

screws in patients with severe comorbidities and poor health

status. Both procedures had blood loss of less than 50 mL,

with PEIDF being longer than PEDD by an average of 42

min. Within 1 year postoperatively, seven PEDD patients un-

derwent reoperation due to back pain and residual infection,

while only one PEIDF patient did. They concluded that a

one-stage PEIDF surgery could be done for spondylodiscitis

patients with unstable vertebral segments and severe medical

comorbidities64). Yang et al. retrospectively studied endo-

scopic debridement on the first surgery and assessed 7-14

days postoperatively using the Pola classification on MRI

scans to consider whether a second-stage minimally invasive

fusion should be done. All patients showed great improve-

ment with only two having minor complications of fever;

thus, they reported that using staged treatment guided by the

Pola classification in deciding subsequent fusion is feasible

in treating patients with spondylodiscitis65).

These studies show that endoscopic debridement and

minimally invasive spinal fusion are effective and provide

lesser risks than open surgery in the surgical treatment of

high-risk patients with pyogenic spondylodiscitis. However,

due to various employable techniques, there is no consensus

concerning the indications of single versus staged surgery.

Hence, this should be verified using high-level studies.
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Figure　1.　Flowchart of comprehensive care for patients with pyogenic spondylodiscitis.

Collaborative Care

Knowing that patients afflicted with pyogenic spondy-

lodiscitis are commonly the elderly with multiple comorbidi-

ties, the question arises regarding properly managing their

current condition and pre-existing disease states. The authors

believe that establishing a model in a multidisciplinary team

(MDT), looping together different medical fields, allows

ultra-specialized skills and evidence-based practices to ad-

dress medical and non-medical needs66).

MDTs first emerged in oncology in the mid-1980s and

are the “cooperation between different specialized profes-

sionals involved in care with the overarching goal of im-

proving treatment efficiency and patient care”67). In Orthope-

dics and orthopedic oncology, this is usually seen when

managing polytrauma patients; however, this is not widely

employed in spine surgery. Musculoskeletal infections, in-

cluding those affecting the spine, were historically treated

by orthopedic surgeons alone, but due to the challenging di-

agnosis and management coupled with its increasing inci-

dence, the need for a collaborative approach arises66).

For an effective MDT, the following elements are re-

quired: leadership, administrative support, and team dynam-

ics. An MDT leader should be appointed and ensure that the

members are treated equally and given chances for their

voices to be heard. An MDT coordinator, different from the

MDT leader, is essential in ensuring that all members are in-

formed, complete patient data is available, and records are

kept during meetings. The team should also have mutual re-

spect and trust toward all members68).

In treating pyogenic spondylodiscitis, key members in-

clude orthopedic surgeons, infectious disease specialists, in-

ternists, rehabilitation doctors, psychiatrists, microbiologists,

radiologists, nutritionists, pharmacologists, nurses, and or-

thotists66). Fig. 1 suggests the process to be undertaken and

guides the collaborative team for patients with pyogenic

spondylodiscitis. The physician-in-charge does initial man-

agement upon receiving the patient at the emergency room,

at the clinic, or from referrals from other institutions. The

primary physician may be a general practitioner, an inten-

sivist, or an internist; it does not necessarily need to be a

spine surgeon. After baseline diagnostics, subspecialties

should be looped in based on patient needs and are not lim-

ited to those listed. Once individual evaluations have been

made, the team, the MDT leader, and the coordinator should

discuss and create a treatment plan, emphasizing care objec-

tives and goals for the patient. This is when each subspe-

cialty provides their plan and when a medical or surgical ap-

proach is decided. Upon reaching a consensus with regard to

management, this can now be implemented. Frequent re-

evaluation is needed as the patient’s condition changes, and

new concerns might need additional intervention.
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Although an emerging practice, evidence regarding the

advantages of multidisciplinary teams in spine infections has

been reported. Vanino et al. proposed a spinal infection mul-

tidisciplinary management flowchart for Pott’s disease out-

lining important steps in diagnosis and management, which

includes a joint monthly evaluation by spine surgeons and

infectious disease specialists. They saw in this retrospective

study that this collaboration is effective in the timely and ef-

ficient treatment of patients69). Ntalos et al. reported in an-

other retrospective study that establishing a multidisciplinary

approach for spondylodiscitis patients comprising a spine

surgeon, medical microbiologist, infectious disease special-

ist, and pathologist who discuss and review patient records

leads to more appropriate duration of antibiotics and sound

surgical indications as compared to that of single discipline

approach70). Yoshizaki et al. also retrospectively compared

elderly patients with pyogenic spondylodiscitis treated with

comprehensive medicine with those who received treatment

from orthopedic spine surgeons alone and found similar re-

sults. The team focused on controlling all comorbidities,

building up and managing nutrition, and optimizing drug

use, resulting in overall improvement of clinical outcomes

and quality of life of patients71).

Although it has been seen that an MDT provides major

advantages, one limitation is that there are few reports with

high levels of evidence. Lamb et al. also outlined some

challenges that this team may face. There may be incom-

plete attendance in meetings due to differing schedules. The

environment for discussion may also not be one of equality,

such that nurses feel that their contributions are inferior to

that of physicians. Due to these, effective leadership is es-

sential to provide an inclusive environment fostering trust

and accountability72). Communication between all members

is at the forefront of creating a collaborative team to provide

effective holistic management. With these in mind, the need

for employing multidisciplinary teams and its feasibility

emerges, showing a promising and logical path toward com-

prehensive care in managing patients with pyogenic spondy-

lodiscitis.

Conclusion

The incidence of pyogenic spondylodiscitis is increasing

and is affecting the elderly with multimorbid conditions.

Due to this, spinal infections should be treated as systemic

diseases rather than local conditions. Implementing compre-

hensive care involving multidisciplinary teams effectively

improves clinical outcomes and the quality of life of patients

with pyogenic spondylodiscitis.

Disclaimer: Manabu Ito is one of the Editors of Spine

Surgery and Related Research and on the journal’s Editorial

Committee. He was not involved in the editorial evaluation

or decision to accept this article for publication at all.

Conflicts of Interest: The authors declare that there are

no relevant conflicts of interest.

Sources of Funding: None

Author Contributions: Rina Therese R. Madelar drafted

the article, reviewed and approved the final version to be

published, and agreed to be accountable for all aspects of

the work. Manabu Ito conceptualized the article, reviewed

and approved the final version to be published, and agreed

to be accountable for all aspects of the work.

Ethical Approval: Ethical approval was waived as the

manuscript is a review article.

Informed Consent: Consent was not required because

this study involved no human subject.

References
1. Mavrogenis AF, Megaloikonomos PD, Igoumenou VG, et al.

Spondylodiscitis revisited. EFORT Open Rev. 2017;2(11):447-61.

2. Pluemer J, Freyvert Y, Pratt N, et al. An assessment of the safety

of surgery and hardware placement in de-novo spinal infections. A

systematic review and meta-analysis of the literature. Glob Spine

J. 2023;13(5):1418-28.

3. Lener S, Hartmann S, Barbagallo GMV, et al. Management of spi-

nal infection: a review of the literature. Acta Neurochir (Wien).

2018;160(3):487-96.

4. Tschugg A, Lener S, Hartmann S, et al. Primary acquired spondy-

lodiscitis shows a more severe course than spondylodiscitis follow-

ing spine surgery: a single-center retrospective study of 159 cases.

Neurosurg Rev. 2018;41(1):141-7.

5. Ukon Y, Takenaka S, Makino T, et al. Preoperative risk factors af-

fecting outcome in surgically treated pyogenic spondylodiscitis.

Glob Spine J. 2022:21925682221077918.

6. Gregori F, Grasso G, Iaiani G, et al. Treatment algorithm for spon-

taneous spinal infections: a review of the literature. J Craniover-

tebr Junction Spine. 2019;10(1):3-9.

7. Calderone RR, Larsen JM. Overview and classification of spinal

infections. Orthop Clin North Am. 1996;27(1):1-8.

8. Hadjipavlou AG, Mader JT, Necessary JT, et al. Hematogenous

pyogenic spinal infections and their surgical management. Spine.

2000;25(13):1668-79.

9. Aljawadi A, Jahangir N, Jeelani A, et al. Management of pyogenic

spinal infection, review of literature. J Orthop. 2019;16(6):508-12.

10. Lemaignen A, Ghout I, Dinh A, et al. Characteristics of and risk

factors for severe neurological deficit in patients with pyogenic

vertebral osteomyelitis: a case-control study. Med (Baltim). 2017;

96(21):e6387.

11. Akiyama T, Chikuda H, Yasunaga H, et al. Incidence and risk fac-

tors for mortality of vertebral osteomyelitis: a retrospective analy-

sis using the Japanese diagnosis procedure combination database.

BMJ Open. 2013;3(3):e002412.

12. Milosevic B, Cevik M, Urosevic A, et al. Risk factors associated

with poor clinical outcome in pyogenic spinal infections: 5-years’

intensive care experience. J Infect Dev Ctries. 2020;14(1):36-41.

13. Eismont FJ, Bohlman HH, Soni PL, et al. Pyogenic and fungal

vertebral osteomyelitis with paralysis. J Bone Joint Surg Am.

1983;65(1):19-29.

14. Kwon JW, Hyun SJ, Han SH, et al. Pyogenic vertebral osteomye-

litis: clinical features, diagnosis, and treatment. Korean J Spine.



dx.doi.org/10.22603/ssrr.2023-0155 Spine Surg Relat Res 2024; 8(3): 243-252

251

2017;14(2):27-34.

15. Jeong DK, Lee HW, Kwon YM. Clinical value of procalcitonin in

patients with spinal infection. J Korean Neurosurg Soc. 2015;58

(3):271-5.

16. Santagada DA, Perna A, Tullo G, et al. Could serum procalcitonin

play a role in an emergency setting for patients with pyogenic

spondylodiscitis? Eur Rev Med Pharmacol Sci. 2022;26(1):66-77.

17. Kim NJ. Microbiologic diagnosis of pyogenic spondylitis. Infect

Chemother. 2021;53(2):238-46.

18. Berbari EF, Kanj SS, Kowalski TJ, et al. 2015 Infectious Diseases

Society of America (IDSA) clinical practice guidelines for the di-

agnosis and treatment of native vertebral osteomyelitis in adults.

Clin Infect Dis. 2015;61(6):e26-e46.

19. Pola E, Logroscino CA, Gentiempo M, et al. Medical and surgical

treatment of pyogenic spondylodiscitis. Eur Rev Med Pharmacol

Sci. 2012;16(suppl 2):35-49.

20. Leone A, Dell’Atti C, Magarelli N, et al. Imaging of spondy-

lodiscitis. Eur Rev Med Pharmacol Sci. 2012;16(suppl 2):8-19.

21. Kumar Y, Gupta N, Chhabra A, et al. Magnetic resonance imaging

of bacterial and tuberculous spondylodiscitis with associated com-

plications and non-infectious spinal pathology mimicking infec-

tions: a pictorial review. BMC Musculoskelet Disord. 2017;18(1):

244.

22. Mauch JT, Carr CM, Cloft H, et al. Review of the imaging fea-

tures of benign osteoporotic and malignant vertebral compression

fractures. AJNR Am J Neuroradiol. 2018;39(9):1584-92.

23. Shah LM, Salzman KL. Imaging of spinal metastatic disease. Int J

Surg Oncol. 2011;2011:769753.

24. Kulowski J. Pyogenic osteomyelitis of the spine: an analysis and

discussion of 102 cases. J Bone Joint Surg. 1936;18(2):343-64.

25. Griffiths HE, Jones DM. Pyogenic infection of the spine. A review

of twenty-eight cases. J Bone Joint Surg Br. 1971;53(3):383-91.

26. Pluemer J, Freyvert Y, Pratt N, et al. A novel scoring system con-

cept for de novo spinal infection treatment, the spinal infection

treatment evaluation score (SITE Score): a proof-of-concept study.

J Neurosurg Spine. 2023;38(3):396-404.

27. Pola E, Autore G, Formica VM, et al. New classification for the

treatment of pyogenic spondylodiscitis: validation study on a

population of 250 patients with a follow-up of 2 years. Eur Spine

J. 2017;26(suppl 4):479-88.

28. Jackson AR, Eismont A, Yu L, et al. Diffusion of antibiotics in in-

tervertebral disc. J Biomech. 2018;76:259-62.

29. Zhu Q, Gao X, Li N, et al. Kinetics of charged antibiotic penetra-

tion into human intervertebral discs: A numerical study. J

Biomech. 2016;49(13):3079-84.

30. Capoor MN, Lochman J, McDowell A, et al. Correction to: in-

tervertebral disc penetration by antibiotics used prophylactically in

spinal surgery: implications for the current standards and treatment

of disc infections. J Eur Spine. 2019;28(6):1546-7.

31. Gouliouris T, Aliyu SH, Brown NM. Spondylodiscitis: update on

diagnosis and management. J Antimicrob Chemother. 2010;65

(suppl 3):iii11-iii24.

32. Klein JD, Hey LA, Yu CS, et al. Perioperative nutrition and post-

operative complications in patients undergoing spinal surgery.

Spine. 1996;21(22):2676-82.

33. Adogwa O, Elsamadicy AA, Mehta AI, et al. Preoperative nutri-

tional status is an independent predictor of 30-day hospital read-

mission after elective spine surgery. Spine. 2016;41(17):1400-4.

34. Kugimiya F, Muraki S, Nagakura D, et al. Predictors of conserva-

tive treatment for pyogenic spondylitis. Spine Surg Relat Res.

2017;1(3):135-9.

35. Qureshi R, Rasool M, Puvanesarajah V, et al. Perioperative nutri-

tional optimization in spine surgery. Clin Spine Surg. 2018;31(3):

103-7.

36. McClave SA, Kozar R, Martindale RG, et al. Summary points and

consensus recommendations from the North American Surgical

Nutrition Summit. JPEN J Parenter Enter Nutr. 2013;37(5):99S-

105S.

37. Oe S, Watanabe J, Akai T, et al. The effect of preoperative nutri-

tional intervention for adult spinal deformity patients. Spine. 2022;

47(5):387-95.

38. Hillson R. The spine in diabetes. Pract Diab. 2018;35(1):5-6.

39. Chávez-Reyes J, Escárcega-González CE, Chavira-Suárez E, et al.

Susceptibility for some infectious diseases in patients with diabe-

tes: the key role of glycemia. Front Public Health. 2021;9:559595.

40. Kapsalaki E, Gatselis N, Stefos A, et al. Spontaneous spondy-

lodiscitis: presentation, risk factors, diagnosis, management, and

outcome [presentation]. Int J Infect Dis. 2009;13(5):564-9.

41. Duggan EW, Carlson K, Umpierrez GE. Perioperative hyperglyce-

mia management: an update. Anesthesiology. 2018;129(5):1053.

42. Hwang JU, Son DW, Kang KT, et al. Importance of hemoglobin A

1c levels for the detection of post-surgical infection following

single-level lumbar posterior fusion in patients with diabetes. Ko-

rean J Neurotrauma. 2019;15(2):150-8.

43. Lenz M, Harland A, Egenolf P, et al. Correlation between kidney

function and mortality in pyogenic spondylodiscitis: the glomeru-

lar filtration rate (GFR) as new predictive parameter? Eur Spine J.

2023;32(4):1455-62.

44. Dufort A, Samaan Z. Problematic opioid use among older adults:

epidemiology, adverse outcomes and treatment considerations.

Drugs Aging. 2021;38(12):1043-53.

45. Dowell D, Ragan KR, Jones CM, et al. CDC clinical practice

guideline for prescribing opioids for pain - United States, 2022.

MMWR Recomm Rep. 2022;71(3):1-95.

46. Lang S, Walter N, Froemming A, et al. Long-term patient-related

quality of life outcomes and ICD-10 symptom rating (ISR) of pa-

tients with pyogenic vertebral osteomyelitis: what is the psycho-

logical impact of this life-threatening disease? Eur Spine J. 2023;

32(5):1810-7.

47. Fukuda K, Miyamoto H, Uno K, et al. Indications and limitations

of conservative treatment for pyogenic spondylitis. J Spinal Disord

Tech. 2014;27(6):316-20.

48. McHenry MC, Easley KA, Locker GA. Vertebral osteomyelitis:

long-term outcome for 253 patients from 7 Cleveland-area hospi-

tals. Clin Infect Dis. 2002;34(10):1342-50.

49. Bernard L, Dinh A, Ghout I, et al. Antibiotic treatment for 6

weeks versus 12 weeks in patients with pyogenic vertebral osteo-

myelitis: an open-label, non-inferiority, randomised, controlled

trial. Lancet. 2015;385(9971):875-82.

50. Rutges JP, Kempen DH, van Dijk M, et al. Outcome of conserva-

tive and surgical treatment of pyogenic spondylodiscitis: a system-

atic literature review. Eur Spine J. 2016;25(4):983-99.

51. Nas K, Karakoç M, Aydın A, et al. Rehabilitation in spinal infec-

tion diseases. World J Orthop. 2015;6(1):1-7.

52. Sobottke R, Seifert H, Fätkenheuer G, et al. Current diagnosis and

treatment of spondylodiscitis. Dtsch Arztebl Int. 2008;105(10):

181-7.

53. Tsai TT, Yang SC, Niu CC, et al. Early surgery with antibiotics

treatment had better clinical outcomes than antibiotics treatment

alone in patients with pyogenic spondylodiscitis: a retrospective

cohort study. BMC Musculoskelet Disord. 2017;18(1):175.

54. Pluemer J, Freyvert Y, Pratt N, et al. An assessment of the safety

of surgery and hardware placement in de-novo spinal infections. A

systematic review and meta-analysis of the literature. Global Spine



Spine Surg Relat Res 2024; 8(3): 243-252 dx.doi.org/10.22603/ssrr.2023-0155

252

J. 2023;13(5):1418-28.

55. Carragee EJ. Instrumentation of the infected and unstable spine: a

review of 17 cases from the thoracic and lumbar spine with pyo-

genic infections. J Spinal Disord. 1997;10(4):317-24.

56. Wang SF, Tsai TT, Li YD, et al. Percutaneous endoscopic inter-

body debridement and fusion (PEIDF) decreases risk of sepsis and

mortality in treating infectious spondylodiscitis for patients with

poor physical status, a retrospective cohort study. Biomedicines.

2022;10(7):1659.

57. Abboud T, Melich P, Scheithauer S, et al. Complications, length of

hospital stay, and cost of care after surgery for pyogenic spondy-

lodiscitis. J Neurol Surg A Cent Eur Neurosurg. 2023;84(1):52-7.

58. Ando N, Sato K, Mitsukawa M, et al. Surgical results of percuta-

neous suction aspiration and drainage for pyogenic spondylitis.

Kurume Med J. 2010;57(3):43-9.

59. Griffith-Jones W, Nasto LA, Pola E, et al. Percutaneous suction

and irrigation for the treatment of recalcitrant pyogenic spondy-

lodiscitis. J Orthop Traumatol. 2018;19(1):10.

60. Ito M, Abumi K, Kotani Y, et al. Clinical outcome of postero-

lateral endoscopic surgery for pyogenic spondylodiscitis: results of

15 patients with serious comorbid conditions. Spine. 2007;32(2):

200-6.

61. Yamagami Y, Shibuya S, Komatsubara S, et al. Percutaneous cu-

rettage and continuous irrigation for MRSA lumbar spondylodisci-

tis: a report of three cases. Case Rep Med. 2009;2009:253868.

62. Elsaid A, Makhlouf M. Surgical management of spontaneous pyo-

genic spondylodiscitis: clinical and radiological outcome. Egypt J

Neurosurg. 2015;30(3):221-6.

63. Fukutake K, Wada A, Kamakura D, et al. Evaluation of percutane-

ous pedicle screw fixation in patients with pyogenic spondylitis of

the thoracolumbar spine. Open J Orthop. 2020;10(11):303-12.

64. Lai PJ, Wang SF, Tsai TT, et al. Percutaneous endoscopic inter-

body debridement and fusion for pyogenic lumbar spondy-

lodiskitis: surgical technique and the comparison with percutane-

ous endoscopic drainage and debridement. Neurospine. 2021;18

(4):891-902.

65. Yang Y, Wang J, Chang Z. The percutaneous endoscopic lumbar

debridement and irrigation drainage technique for the first-stage

treatment of spontaneous lumbar spondylodiscitis: A clinical retro-

spective study. Oxid Med Cell Longev. 2022;2022:6241818.

66. Sambri A, Fiore M, Tedeschi S, et al. The need for multidiscipli-

narity in modern medicine: an insight into orthopaedic infections.

Microorganisms. 2022;10(4):756.

67. Taberna M, Gil Moncayo F, Jané-Salas E, et al. The multidiscipli-

nary team (MDT) approach and quality of care. Front Oncol.

2020;10:85.

68. Silbermann M, Pitsillides B, Al-Alfi N, et al. Multidisciplinary

care team for cancer patients and its implementation in several

Middle Eastern countries. Ann Oncol. 2013;24(suppl 7):vii41-7.

69. Vanino E, Tadolini M, Evangelisti G, et al. Spinal tuberculosis:

proposed spinal infection multidisciplinary management project

(SIMP) flow chart revision. Eur Rev Med Pharmacol Sci. 2020;24

(3):1428-34.

70. Ntalos D, Schoof B, Thiesen DM, et al. Implementation of a mul-

tidisciplinary infections conference improves the treatment of

spondylodiscitis. Sci Rep. 2021;11(1):9515.

71. Yoshizaki H, Wang TZV, Ono T, et al. A retrospective clinical

study on the efficacy of comprehensive medical intervention in

elderly spondylitis. Clin Orthop Surg. 2021;56(12):1507-13.

72. Lamb BW, Sevdalis N, Arora S, et al. Teamwork and team

decision-making at multidisciplinary cancer conferences: barriers,

facilitators, and opportunities for improvement. World J Surg.

2011;35(9):1970-6.

73. Panda A, Das CJ, Baruah U. Imaging of vertebral fractures. Indian

J Endocrinol Metab. 2014;18(3):295-303.

74. Qasem KM, Suzuki A, Yamada K, et al. Discriminating imaging

findings of acute osteoporotic vertebral fracture: a prospective

multicenter cohort study. J Orthop Surg Res. 2014;9:96.

75. An Chansik, Lee Y-H, Kim S-J, et al. Characteristic MRI findings

of spinal metastases from various primary cancers: retrospective

study of pathologically-confirmed cases. J Korean Soc Magn

Reson Med. 2013;17(1):8-18.

76. Camino Willhuber G, Guiroy A, Zamorano J, et al. Independent

reliability analysis of a new classification for pyogenic spondy-

lodiscitis. Glob Spine J. 2021;11(5):669-73.

Spine Surgery and Related Research is an Open Access journal distributed under

the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-

tional License. To view the details of this license, please visit (https://creativeco

mmons.org/licenses/by-nc-nd/4.0/).


