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Abstract: The most prevalent zoonotic disease is brucellosis, which poses a significant threat for
worldwide public health. Particularly in endemic areas, spinal involvement is a major source of
morbidity and mortality and can complicate the course of the disease. The diagnosis of Brucella
spondylitis is challenging and should be suspected in the appropriate epidemiological and clinical
context, in correlation with microbiological and radiological findings. Treatment depends largely on
the affected parts of the body. Available treatment options include antibiotic administration for an
adequate period of time and, when appropriate, surgical intervention. In this article, we examined
the most recent data on the pathophysiology, clinical manifestation, diagnosis, and management of
spinal brucellosis in adults.

Keywords: Brucella; brucellosis; spine; spondylitis; spondylodiscitis; imaging

1. Introduction

Brucellosis is a zoonotic infection caused by the bacterial genus Brucella. Humans
represent occasional hosts, but brucellosis remains a major public health problem globally
and is the most common zoonotic infection. Spinal involvement may complicate the course
of the disease and is a significant cause of morbidity and mortality, especially in endemic
areas [1].

In this article, we reviewed the current literature on the epidemiology, pathophysiology,
clinical presentation, diagnosis, and treatment of a spinal infection due to Brucella spp.

2. Epidemiology

Brucellosis is caused by a group of small (diameter: 0.5–0.7; length: 0.6–1.5 μm),
non-motile, non-spore-forming, slow-growing, facultative intracellular, Gram-negative
coccobacilli [2]. It is an ancient disease known by various names, including Mediterranean
fever, Malta fever, and undulant fever. The genus Brucella was named after David Bruce in
1887. He isolated and identified the causative bacterium from the spleen of a British soldier
who had died of a febrile illness that was common among military personnel stationed in
Malta [3]. Twelve species are known to date [4], and each has its preferred animal host,
although it can also infect other hosts [5]. The major Brucella species known to cause disease
in humans are B. melitensis (sheep and goats), B. abortus (cattle, including the vaccine strain
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RB51), B. suis (pigs), and B. canis (dogs) [5]. The vast majority of human cases worldwide
are associated with B. melitensis [6].

The disease can be transmitted to humans through the consumption of unpasteurized
animal products (especially raw milk, soft cheese, butter, and ice cream), direct skin or
mucous membrane contact with infected animal tissue, or inhalation of infected aerosol
particles [6]. The risk of transmission is generally greater for people working with the bac-
teria in laboratories, slaughterhouses, veterinarians, hunters, shepherds, and meat-packing
plant workers. In rare cases, human-to-human transmission has been documented through
sexual contact, breastfeeding, congenital transmission, bone marrow transplantation, blood
transfusion, and aerosol from an infected patient [7].

Although accurate epidemiologic data are not available for many endemic areas, it is
estimated that more than 500,000 new human cases are reported worldwide each year [8].
The disease is most common in people who have travelled to or live in areas where the
disease is endemic in animals along the Mediterranean basin (Portugal, Spain, Southern
France, Italy, Greece, Turkey, and North Africa), Mexico, South and Central America,
Eastern Europe, Asia, Africa, and the Middle East [9,10]. Even though it is a nationally
notifiable disease in most countries and must be reported to the local health authorities, this
is not always the case, and official numbers represent only a fraction of the actual incidence
of the disease [10].

Osteoarticular involvement is one of the most common complications of brucellosis
and varies in the literature from 10% to 85% of patients [11–15]. The wide range between
reports in the literature may be due to the characteristics of the study populations, the
radio-diagnostic methods used, and the different diagnostic criteria [13]. It may present as
sacroiliitis, spondylitis, osteomyelitis, peripheral arthritis, bursitis, and tenosynovitis [14].
The type of skeletal involvement depends in part on the age of the patient [1]. The most
common osteoarticular finding in children is monoarticular arthritis (usually of the knees
and hips) [16], whereas in adults, the sacroiliac (up to 80%) and spinal (up to 54%) joints
are most commonly involved [17]. According to one study, patients with osteoarticular
brucellosis have a longer duration of illness before diagnosis [11].

Brucella spondylitis is among the most serious manifestations of the disease and is
associated with complications such as epidural, paravertebral, and psoas abscesses, and
possible resultant nerve compression [17]. The incidence of spondylitis among the cases
of brucellosis varies in the literature between 2 and 60% [18]. In a review study regarding
spinal brucellosis, the predominant radiologic finding was spondylitis or spondylodiscitis,
which was documented in 92% of cases, followed by a pre- or paravertebral abscess at a
rate of 18% [18]. According to several studies, spondylitis is more common in men and
in patients aged between 50 and 60 years [11,19,20]. It mainly affects the lumbar spine,
followed by the thoracic, sacral, and cervical areas [21]. The most frequently involved
site of infection is the L5–S1 level [15,21]. One study showed that although the lumbar
spine is most commonly affected, the involvement of the thoracic spine was more frequent
in severely complicated cases [19]. Notably, multilevel vertebral involvement has been
reported to occur in 2–36% of cases of Brucella spondylitis [11,18–23].

3. Pathogenesis

Brucellosis may present as a multisystemic disease. Infectious organisms have been
described to reach the spine by hematogenous or non-hematogenous routes, such as direct
external bacterial inoculation or contiguous spread from an adjacent infectious site [24]. As
for Brucella species, they mainly spread to the spine hematogenously through the nutrient
arterioles of the vertebral bodies [25] or, rarely, by retrograde flow through the venous
plexus of Batson, which was first described in an attempt to explain the preference of
metastatic disease for the posterior aspect of the vertebral body [26,27]. As the vascu-
larization of the vertebral bodies has been meticulously studied, the natural history of
Brucella spondylitis can be explained sufficiently. Early Brucella spondylitis involves the
anterior portion of the vertebral rim as the arterial vascularization of the vertebral bodies is

2



J. Clin. Med. 2024, 13, 595

anatomically denser on that surface [28]. Later, the infection progresses to the remainder of
the vertebral body using the medullary spaces, eventually reaching the disc annulus and
the nucleus pulposus [1,25]. It is worth noting that in adult life intra-osseous arteries are
end arteries and therefore, in the event of septic emboli entrapment, extensive destruction
of the vertebral body cannot be prevented by the presence of an anastomotic network [29].
The most commonly affected sites are the lumbar spine, followed by the thoracic and
cervical spine, while multilevel involvement has also been described [21,30].

Before diving deeper into the pathophysiological mechanisms that orchestrate the dele-
terious effects of a Brucella infection on joints and bones, we will first analyze the key aspects
of normal bone physiology. Bone is primarily comprised of cells and an extracellular matrix,
the osteoid, which becomes mineralized after the deposition of calcium and phosphate in
the form of hydroxyapatite, a process essential for the structural integrity of the bone. There
are three types of bone cells: osteoblasts, osteoclasts, and osteocytes [31]. Osteoblasts are
bone-forming cells responsible for bone mineralization and the production of the receptor
activator of nuclear factor kappa-B ligand (RANKL) and osteoprotegerin, which induce
and suppress osteoclastogenesis, respectively [32]. Osteocytes are terminally differentiated
osteoblasts that become entrapped in the mineralized matrix [31]. Finally, osteoclasts are
bone-resorbing cells with the unique ability to digest the calcified bone matrix. Until
recently, it was established that the formation of osteoclasts can be accomplished either
by the fusion of osteoclast progenitor cells that originate from the monocyte/macrophage
lineage of the bone marrow or through the differentiation of osteal macrophages, which
are the bone marrow resident macrophages [33,34]. Nonetheless, the latest research has
demonstrated that peripheral blood mononuclear cells can also fuse and become mature
multinucleated osteoblasts and that these may significantly contribute to the bone damage
seen during inflammatory conditions such as rheumatoid arthritis [35,36].

Bone is often regarded as a metabolically inert structure with an innate resistance to
infection. Nevertheless, osteoarticular brucellosis is the most frequent complication of a
Brucella infection in humans [11,12]. The underlying mechanisms involved in this process
have only recently been elucidated (Figure 1). The available data are mainly derived
from research regarding B. abortus but can be safely used for the understanding of the
pathogenesis of Brucella spondylitis in general. By now, it is evident that Brucella’s success
as a pathogen relies on its ability to maintain an intracellular lifestyle, primarily by invading
and replicating within macrophages. However, macrophages are not the only intracellular
niche that Brucella can penetrate [37]. Firstly, it has been established that B. abortus can infect
and replicate within osteoblasts in vitro [38,39]. Once inside osteoblasts, Brucella interferes
with the physiological functions of these cells via, principally, three mechanisms: the
induction of osteoblast apoptosis and the hampering of their differentiation; the inhibition
of mineralization and organic matrix deposition; and the upregulation of RANKL [39].
These changes are the result of the direct effect of Brucella on osteoblasts, but also the
result of Brucella-infected macrophages, the ones that already reside in the bone and
the ones that are attracted to the site of infection. The induction of apoptosis is largely
dependent upon the phosphorylation of p38 and extracellular signal-regulated kinase 1
and 2 (ERK1/2), which is activated in Brucella-infected osteoblasts. P38 and ERK1/2 are
mitogen-activated protein kinases (MAPK) that regulate a plethora of functions in terms of
cell growth, development, and survival [40]. Another critical function of these pathways
is the production of monocyte chemotactic protein 1 (MCP-1) by osteoblasts, which is
responsible for the attraction of monocytes and macrophages to the site of infection. In turn,
these cells secrete tumor necrosis factor alpha (TNF-a) that results in osteoblast apoptosis,
decreased bone mineralization, and upregulation of RANKL [39].
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Figure 1. The underlying mechanisms of Brucella-induced osteoarticular disease are multiple, com-
plex, and largely rely on experimental data from B. abortus studies. B. abortus can infect and replicate
within osteoblasts and interfere with the physiological functions of these cells via three mechanisms:
the induction of osteoblast apoptosis and the hampering of their differentiation; the inhibition of
mineralization and organic matrix deposition; and the upregulation of receptor activator of nuclear
factor kappa-B ligand (RANKL). Brucella-infected osteoblasts also secrete monocyte chemotactic
protein 1 (MCP-1) that attracts monocytes and macrophages to the site of infection. In turn, these cells
secrete tumor necrosis factor alpha (TNF-a) that, similarly, results in osteoblast apoptosis, decreased
bone mineralization, and upregulation of RANKL. Brucella-infected osteoblasts and monocytes
can also secrete matrix metalloproteinases, MMP-2 and MMP-9, respectively. Specifically, MMP-9
production is the result of the autocrine function of TNF-a produced by monocytes. Additionally,
Brucella can multiply within osteocytes and lead to the production of MMP-2, RANKL, TNF-a, and
proinflammatory cytokines. Moreover, Brucella and supernatants from Brucella-infected macrophages
inhibit the expression of connexin 43 along with the expression of integrins, ultimately leading to
osteocyte apoptotic cell death. Upon Brucella infection or in response to B. abortus, lipidated outer
membrane protein 19 macrophages release inflammatory mediators such as TNF-a, eventually en-
hancing osteoclastogenesis. Moreover, supernatants from B. abortus-activated macrophages stimulate
T cells to produce interleukin-17 which promotes osteoclast differentiation through the induction of
proinflammatory cytokines. Finally, B. abortus-infected B cells produce MMP-9 and RANKL.

Matrix metalloproteinases (MMPs) also contribute to the osteoarticular damage in
the context of brucellosis. Specifically, two types of MMPs, MMP-2 and MMP-9, which
aid in the degradation of type I collagen present in bones and type II collagen present in
cartilage, have been demonstrated to be involved in Brucella-induced tissue injury [41,42].
In particular, in vitro studies have shown that B. abortus-infected osteoblasts produce
MMP-2 in a process that is largely mediated by the production of granulocyte-macrophage
colony-stimulating factor (GM-CSF) by the same cells [42]. In addition, as mentioned above,
Brucella-infected osteoblasts produce MCP-1 that attracts monocytes, which then secrete
MMP-9 [42]. MMP-9 production is the result of the autocrine function of TNF-a produced
by monocytes in response to GM-CSF [42].

Brucella can also infect and multiply within osteocytes in vitro [43]. Infected osteocytes
then secrete MMP-2, RANKL, TNF-a, and proinflammatory cytokines [43]. This response
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ultimately leads bone marrow-derived monocytes (BMM) to undergo osteoclastogenesis.
At this point it should be mentioned that one of the ways by which coordinated commu-
nication among osteocytes and between osteocytes and osteoblasts is achieved is via gap
junctions, and the most abundant protein in these gap junctions is connexin 43 (Cx43) [44].
Interestingly, the B. abortus infection has been found to reduce the expression of Cx43 [43].
Moreover, the interaction between osteocytes and supernatants from Brucella-infected
macrophages inhibits the expression of Cx43 along with the expression of integrins [43],
which also participate in osteocyte adhesion and signaling [45]. The outcome of these
changes is osteocyte apoptotic cell death [43]. Based on these findings, it can be safely
deducted that Brucella harms osteocyte activity and viability, directly and indirectly, thus
contributing to the tissue damage observed in an osteoarticular infection.

The role of macrophages and monocytes in the pathophysiology of tissue damage
noted in Brucella infections is not limited to their interaction with osteoblasts and osteocytes.
Upon infection with Brucella or in response to Brucella lipoproteins, such as the lipidated
outer membrane protein 19 (L-Omp19), macrophages release inflammatory mediators
such as TNF-a, interleukin-6 (IL-6), and IL-1β in a toll-like receptor 2-dependent manner
(TLR2) [46]. In turn, TNF-a production results in the differentiation of BMM into osteo-
clasts [46]. Another intriguing observation is that supernatants from B. abortus-infected
monocytes or L-Omp19-stimulated monocytes are able to induce, again, through TNF-a
production, the differentiation of human monocytes to osteoclasts [46]. It should be pointed
out that osteoclastogenesis associated with B. abortus does not require bacterial viabil-
ity but is equally elicited by structural bacterial components. It is established that these
components are the Brucella lipoproteins but not the Brucella lipopolysaccharide [46,47].

Brucella affects the bone tissue not only through macrophages and monocytes but also
through T cells and B cells by exploiting them to induce bone loss. Specifically, stimulation
of activated T cells with supernatants from B. abortus-activated macrophages results in
the production of RANKL and IL-17 which promote osteoclastogenesis in vitro [48]. In
addition, it appears that IL-17 is the main driving force for osteoclast differentiation through
the induction of proinflammatory cytokines, primarily TNF-a, by osteoclast precursors [48].
This phenomenon has also been replicated in vivo when injection of mice tibiae with T
cells that were treated with supernatants from Brucella-infected macrophages induced
extensive osteoclastogenesis [48]. Similarly, B. abortus-infected B cells produce MMP-9,
proinflammatory cytokines, and RANKL, the latter being the main mediator of B cell-
induced osteoclastogenesis in vitro [49].

Finally, the role of several cytokines, their receptors, and single-nucleotide polymor-
phisms for cytokine-encoded genes in the inflammatory damaged observed during Brucella
spondylitis is still unclear and demands further research [50–52].

In summary, the osteoarticular damage observed in a Brucella infection is the aftereffect
of the direct changes that the bacterium causes on bone cells and also the result of the
intricate interactions between Brucella, bone cells, and the immune system.

4. Clinical Features

Brucellosis in humans affects numerous systems and manifests with a wide range
of symptoms, in both acute and chronic forms, but it can also be asymptomatic [53].
Fever, chills, headaches, malaise, and fatigue are some of the most prevalent, nonspecific
symptoms of both uncomplicated and complicated forms of the disease. Other symptoms
and signs are abdominal pain, splenomegaly, and hepatomegaly [54]. Apart from all
the aforementioned symptoms, brucellosis should also be considered in the differential
diagnosis of a fever of unknown origin, especially in non-endemic areas [55]. Complicated
forms of the disease include osteoarticular, genitourinary, neurologic, cardiovascular, and
pulmonary involvement [56,57].

In a recent systematic review, it has been shown that in approximately one third of
adult patients, brucellosis manifests as spondylitis or sacroiliitis [58]. In a set of different
studies, the percentage of osteoarticular involvement ranged between 20% and 60%, and
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the percentage of spondylitis between 8% and 13% [59]. When it comes to the muscu-
loskeletal manifestations of the infection, sacroiliitis and hip joint involvement are more
common in young individuals in the acute form of the disease, whereas spondylitis and
spondylodiscitis are more common in the elderly and in chronic forms of the disease [60].
The most commonly afflicted vertebrae in spondylitis are the lumbar (60%), sacral (19%),
and cervical (12%) [21]. Lumbar (60–70%), thoracic (20%), and cervical (6–13%) segments
are usually implicated in spondylodiscitis [17].

There are two forms of spinal brucellosis: localized and diffuse. In localized involve-
ment, osteomyelitis is restricted to the anterior region of an endplate at the discovertebral
junction, while in extensive involvement it affects the whole vertebral endplate or the entire
vertebral body [17].

Arthralgias are present in the majority of adults affected by brucellosis, and approx-
imately half of them suffer from myalgia and back pain [58]. Nevertheless, axial back
pain remains a non-specific clinical sign of spinal brucellosis. As a result, many patients
presenting with lower back pain combined with sciatic radiculopathy are misdiagnosed or
are diagnosed belatedly [17,61].

Because of its association with epidural, paravertebral, and psoas abscesses, and
probable nerve compression, spondylitis is a significant brucellosis complication. These
types of abscesses are present in a minority of patients suffering from Brucella spondylitis
and manifest as episodes of high-grade fever, lower back pain, and inability to bear weight,
possibly leading to permanent neurological deficits or even death in cases of delayed
or inappropriate treatment [17]. Lastly, it is important to keep in mind that tuberculous
spondylodiscitis can greatly resemble spinal brucellosis in terms of clinical presentation.
However, it appears that systemic symptoms such as fatigue and fever are more common
in a Brucella infection, whereas back pain, local tenderness, and spinal complications are
observed with a higher frequency in tuberculous spondylodiscitis [62].

5. Diagnosis

5.1. Microbiological Diagnosis

Because brucellosis in humans presents with nonspecific clinical and laboratory find-
ings, a microbiological analysis is crucial for a definite diagnosis. A Brucella infection
should be suspected in the appropriate clinical context and with relevant epidemiologic
exposure (consumption of unpasteurized dairy products, animal exposure in an endemic
area, and/or occupational exposure).

Laboratory findings of brucellosis may include mildly elevated erythrocyte sedimen-
tation rate and liver function enzyme levels, as well as hematologic abnormalities such
as anemia, leukopenia or leukocytosis with relative lymphocytosis, and thrombocytope-
nia [1,63]. Rarely, pancytopenia is observed in patients with a Brucella infection and is
attributed to hypersplenism, hemophagocytic syndrome, diffuse intravascular coagulation,
or immune-mediated cellular destruction [6,64–66].

According to the CDC and the Council of State and Territorial Epidemiologists, a
definitive diagnosis is established by direct detection of Brucella species by a culture from a
clinical specimen or indirectly by a fourfold or greater increase in Brucella antibody titer
between serum specimens from the acute and convalescent phases obtained at least 2 weeks
apart [67]. However, a presumptive diagnosis is made by a Brucella total antibody titer of at
least 1:160 in the serum agglutination test (SAT) or Brucella microagglutination test (BMAT)
in one or more serum specimens obtained after the onset of symptoms or by detection of
Brucella DNA in a clinical specimen by a polymerase chain reaction (PCR) [67].

A positive blood culture or a positive culture from other specimens (e.g., bone mar-
row, bone, synovial fluid, cerebrospinal fluid, urine) is the cornerstone of diagnosis [68].
Brucellosis is characterized by initial bacteremia that is followed by a macrophage inva-
sion resulting in a reduction of blood-circulating bacteria [69]. Therefore, at least two or
three separate peripheral blood culture sets should be drawn as soon as the disease is
suspected [70]. The sensitivity of blood cultures ranges from 10% to 90% [69]. Because of
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slow growth in culture media, the physician should inform the microbiology laboratory
to extend the incubation period up to 4 weeks, although the new BACTEC system has
higher reliability and can detect the bacterium within 5 to 7 days. Because of the high rate
of transmission to laboratory personnel, biosafety measures should be taken when isolating
this organism [71].

Bone marrow culture is more sensitive than blood and is considered the gold standard
for the diagnosis of brucellosis, but the invasiveness of the procedure should be consid-
ered [72]. In a study of 50 patients diagnosed with brucellosis, the bone marrow culture
was positive in 92% of cases. The bone marrow culture has a shorter time of detection than
blood culture does, and its sensitivity is not affected by prior antibiotic use. Individuals
with chronic infections are less likely to have a positive culture [73]. If focal disease is sus-
pected, such as in cases of spondylitis, samples should be obtained from the infected area
(e.g., bone, joint aspirate, cerebrospinal fluid) [8]. Rapid identification of Brucella species
recovered from cultures is essential to making a timely diagnosis, avoiding biological risk
to laboratory personnel, confirming the presence of the disease in its early stages when
antibody titers are negative or low/borderline, distinguishing between wild and vaccine
Brucella strains, and identifying the source of transmission, since the individual species and
their naturally occurring hosts are highly interrelated [68].

In patients with a clinically compatible illness, serologic testing is the most com-
monly used diagnostic method, especially in endemic areas, because they are inexpensive,
user-friendly, and have high negative predictive value [68]. The most common serologic
tests for detecting specific antibodies in the serum of infected patients are the SAT and
the enzyme-linked immunosorbent assay (ELISA). The Rose Bengal agglutination test
(RBT) is a rapid, accurate method in the acute phases of the disease and can be used as a
screening tool [74]. Other tests that are most useful in chronic or/and complicated cases
are the 2-mercaptoethanol (2-ME) agglutination test, the immunocapture agglutination
(BrucellaCapt) test, and the indirect Coombs test [68].

The SAT, which measures total IgM, IgA, and IgG antibodies against smooth lipopolysac-
charide (S-LPS), remains the most popular method. Although a single titer is not diagnostic,
SAT titers > 1:160 outside endemic areas and >1:320 within endemic areas are considered
highly suggestive of an infection [6]. Seroconversion and a fourfold or greater increase in titers
measured at least 2 weeks apart indicate a definitive diagnosis [6]. SAT can detect antibodies
against B. abortus, B. suis, and B. melitensis but not B. canis or the vaccine strain RB51 [6,72]. In a
study that included patients with a blood culture-proven Brucella infection, the initial titer of
SAT was ≥1:320 in 96% of patients [75].

When interpreting positive SAT results, the possibility of cross-reactions of IgM
antibodies of Brucella with other Gram-negative bacteria such as Υersinia enterocolitica,
Escherichia coli O:116 and O:157, Moraxella phenylpyruvica, Francisella tularensis, certain
Salmonella serotypes, and from individuals vaccinated against Vibrio cholerae should be
considered [71,72]. Early, chronic, or complicated disease is associated with high rates of
false-negative antibody titers [68].

ELISA is a sensitive quantitative method for measuring specific IgA, IgM, and IgG anti-
Brucella antibody titers that allows for a better interpretation of the clinical situation. IgM
antibodies are predominant in acute infection but decrease within a few weeks. Low IgM
titers may persist for months or years after the initial infection. Relapses are accompanied
by transient increases in IgG and IgA antibodies, but not IgM [71]. However, until better
standardization is established, ELISA should be used in cases of strong clinical suspicion
when SAT is negative to confirm the diagnosis or in chronic, focal, or complicated cases [68].

PCR tests can be performed on serum or any tissue samples, such as bone, and allow
for a diagnosis within a few hours with high sensitivity and specificity, but are not a routine
diagnostic tool. Caution should be taken when interpreting results, as a false positive
result could be due to low bacterial inoculum in frequently exposed healthy individuals in
endemic areas, DNA from dead bacteria, or a patient who has recovered [76]. In one study,
real-time PCR demonstrated high sensitivity (93.5%) and specificity (100%) in formalin-
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fixed, paraffin-embedded samples from patients with Brucella vertebral osteomyelitis
who required surgical treatment for neurologic deficits. In terms of sensitivity, real-time
PCR proved to be better than blood culture (35.5%), SAT test (80.6%), and Giemsa stain
(51.6%) [77].

Lastly, a special mention must be made regarding the pathological features of Brucella
spondylitis, although these are not routinely used as a diagnostic tool. Firstly, chronic
inflammation along with in-acute-phase chronic inflammation are the most commonly
encountered pathological changes of spinal brucellosis [78]. Furthermore, histopathology
can potentially aid in the differentiation between brucellar and tuberculous spondylitis
through specific findings like caseous necrosis, which is typically identified in tuberculous
lesions, and through staining markers like Angiopoietin-like protein 4 [79].

5.2. Radiological Diagnosis

The focal form of the disease is confined to the anterior portion of the endplate,
typically in the anterior superior of a lumbar vertebra, often at the L4–L5 level [6]. The
diffuse form involves the entire vertebral body and extends to the adjacent disc and the
paravertebral and epidural space. Multifocal involvement has been described in sporadic
cases [80]. Plain radiographs show no findings initially. At about 3–5 weeks after the
onset of symptoms, osteolysis demonstrated with loss of the osteosclerotic epiphyseal
plate is shown (Figure 2). Focal erosions of the superior or inferior vertebral body are
characteristic [30].

Figure 2. A 34-year-old man with Brucella spondylodiscitis. The initial lateral radiograph (left) shows
a cortical disruption at the inferior epiphyseal plate of L4 vertebral body (arrows). The sagittal fat
suppressed contrast enhanced T1-w MR image (right) shows septic discitis (open arrow) and bone
barrow edema on both L4 and L5 vertebral bodies (arrows), suggesting spondylitis.

A gas vacuum may be observed in the anterior part of the disc, either due to disc
ischemia and necrosis or due to focal instability [81]. Osteophytosis at the anterior vertebral
endplate is shown in long-standing or poorly treated cases. It has to be pointed out
that osseous remodeling may progress slowly, and radiographic findings may simulate
degenerative spinal disease. Computed tomography (CT) depicts the changes earlier in
the course of the disease, and due to lack of overlapping tissues, gas within the disc can be
depicted in 25–30% of the cases. Post-contrast CT may show abscess formation either in the
paravertebral spaces or in the spinal canal [82].
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Magnetic resonance imaging (MRI) findings are not specific and follow the typi-
cal infection pattern, including a hypointense signal on T1-w images, hyperintensity
on T2-w and STIR images, and enhancement of the disc and bone marrow edema foci
(Figures 2–4) [14,30]. The presence of intracanalicular abscess formation is confirmed with
wall enhancement and is an indication for surgical decompression (Figure 3). Similarly,
paravertebral abscesses are observed in approximately 30% of cases and are typically
demonstrated with wall enhancement [30].

Figure 3. Axial plain (A) and contrast-enhanced (B) T1-w MR images, showing the epidural abscess
formation on the right side (arrows in A), with wall enhancement (arrows in B), and displacement of
the dural sac to the left.

Figure 4. Noncontiguous multifocal musculoskeletal brucellosis. (A) Axial STIR MR image, showing
bone marrow edema (open arrow), joint effusion (thin arrow), and capsular thickening (thick arrow)
in keeping with sacroiliac joint involvement. Sagittal fat-suppressed contrast-enhanced MR images
of the lumbar spine (B) and thoracic spine (C) showing discitis (open arrows) with spondylitis (thin
white arrows).

Extraspinal involvement occurs primarily in the sacroiliac joints and the knee. In
most of the cases (>80%), Brucella sacroiliitis is unilateral [82]. Radiographic findings of
sacroiliitis 3 weeks after the onset of symptoms include disruption of the subchondral
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sclerotic line and later narrowing or widening of the joint space. Erosions, subchondral
sclerosis, and ankylosis of the joint may be seen in chronic cases. Early in the course of the
disease, MRI findings are not specific and include bone marrow edema, joint effusion, and
capsular thickening (Figures 4 and 5).

Figure 5. A 23-year-old male with a serologically proven diagnosis of brucellosis 9 months prior
to current imaging. The patient received treatment for 3 months and now presents with recurrent
symptoms. Axial fat-suppressed T1-w MR image showing enhancing bone marrow edema on both
sides of the sacroiliac joints (open arrows), joint effusion (arrows), and anterior capsular thickening
and enhancement (yellow arrow) in keeping with septic sacroiliitis.

The main differential diagnosis of spinal brucellosis is spinal tuberculosis. As a rule,
radiographic findings occur later in the course of the disease. In spinal tuberculosis, CT
appears to be superior to plain radiographs in identifying endplate irregularity and osseous
destruction and can guide a percutaneous biopsy. CT and MRI findings in tuberculosis
include contiguous on non-contiguous vertebral involvement with preservation of the disc
spaces until later in the course of the disease, prevertebral and paravertebral collections,
often in the psoas muscles, with an extension beneath the anterior longitudinal ligament,
and epidural abscess formation. A straightforward diagnosis may be difficult in atypical
cases, and the differential diagnosis should also be supported by clinical and serological
findings [83,84].

6. Treatment

6.1. Conservative Management

Brucellosis treatment depends largely on the affected parts of the body. Available treat-
ment options include antibiotic administration for an adequate period of time and, when
appropriate, surgical intervention. Antibiotics agents which accumulate into phagocytes
may be pivotal for the successful treatment of brucellosis. Combinations of tetracyclines,
rifampicin, aminoglycosides, trimethoprim-sulfamethoxazole (TMP-SMX), and quinolones
have been used [85]. The most commonly used combination regimens in the absence of
focal disease are doxycycline (100 mg BID) for 6 weeks plus an aminoglycoside (strepto-
mycin 1 gr OD for 2–3 weeks or gentamicin 5 mg/kg/day OD for 7–10 days) or doxycycline
(100 mg bid) plus rifampicin (600–900 mg OD) both for 6 weeks [6,86]. Resistance of Brucella
species to tetracyclines or aminoglycosides does not occur [87,88], while decreased suscep-
tibility or even resistance to rifampicin has been described [89,90]. Relapses occur usually
within the first 6 months of treatment completion and are only rarely due to antibiotic
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resistance if a combination treatment has been used. Inadequate antimicrobial choice, short
treatment duration, undiagnosed focal disease, and lack of compliance are the main reasons
for relapse [91]. Most of the relapsed cases respond favorably to a repeated course of the
antimicrobial regimen that was administrated during the first episode [92].

While sacroiliitis does not appear to require special treatment, Brucella spondylitis
requires a longer course of antibiotics than uncomplicated brucellosis, and surgical inter-
vention might be required [85,93,94], while delayed initiation of treatment can result in
long-term disability, as is usually the case in spondylodiscitis in general irrespective of the
cause [95]. Regrettably, the optimal approach in terms of treatment duration and antibiotic
combination has yet to be defined [61,96,97]. A combination of two or three antibiotics is
commonly used for 3–6 months and in many cases for even longer [91,98].

In an open, controlled, nonrandomized study which involved only 31 patients with
spinal brucellosis treated for a median time of 12 weeks, clinical response did not differ
between patients who received ciprofloxacin plus rifampicin and patients who received
doxycycline plus streptomycin [99]. In another retrospective observational study there were
no significant differences between patients receiving doxycycline-streptomycin and those
receiving doxycycline-rifampicin for 3 months but it should be underlined that treatment
failure rate ranged between 15–18% [100]. In a large multicenter retrospective comparative
study including 293 patients with spinal brucellosis, five major treatment regimens were
used for at least 12 weeks: doxycycline plus rifampicin plus streptomycin; doxycycline plus
rifampicin plus gentamicin; doxycycline plus rifampicin plus ciprofloxacin; doxycycline
plus streptomycin; and doxycycline plus rifampicin [19]. There were no significant differ-
ences among these antibiotic groups regarding outcomes [19]. On the contrary, in a recent
retrospective cohort study on 100 patients with Brucella spondylitis, the triple antibiotic
regimen of doxycycline, compound sulfamethoxazole, and rifampicin was more successful
in treating Brucella spondylitis compared to the dual antibiotic regimen of compound
sulfamethoxazole and rifampicin [101].

Many clinicians, including us, favor a triple-regimen antibiotic treatment for Brucella
spondylitis. The combination of doxycycline (100 mg BID for at least 12 weeks) plus
rifampicin (600–900 mg OD for at least 12 weeks) plus streptomycin (1 gr OD for 2–3 weeks)
or gentamycin (5 mg/kg/d OD for 5–7 days) is commonly used in adults and is associated
with high rates of favorable outcomes and reduced relapse rates [102]. Other treatment
regimens are derived from the substitution of the aminoglycoside with a quinolone (e.g.,
ciprofloxacin 500 mg BID for at least 12 weeks) or TMP-SMX (TMP 10 mg/kg/day and
SMX 50 mg/kg/day, both divided in 2 doses for at least 12 weeks) [19,103,104]. Pregnant
women can be treated with a combination of two or three of the following antibiotics:
rifampicin (600–900 mg OD for at least 12 weeks), TMP-SMX (160 mg TMP/800 mg SMX
OD for at least 12 weeks), and ceftriaxone (2 g OD for 4–6 weeks). For pregnant patients
≥36 weeks of gestation, only rifampicin and ceftriaxone are prudent to be administered
until delivery, due to the risk of neonatal kernicterus with the use of TMP-SMX in the last 4
weeks of pregnancy [105,106].

6.2. Surgical Management

As mentioned, long term administration of antimicrobial agents is the mainstay of
treatment of Brucella spondylodiscitis [104]. According to Lozano et al., surgery is required
in 3% to 29% of patients [107]. Surgical treatment is indicated for patients with neurological
symptoms caused by bone deformities and purulent epidural abscesses due to possible
irreversible neural damage [108]. Patients with partial or temporary response to antimicro-
bial therapy, such as patients with large paravertebral abscesses, might also require surgical
intervention [107]. There are limited data regarding the surgical treatment of Brucella
spondylitis. The role of surgical intervention, particularly in patients without neurological
symptoms, remains to be determined [108,109]. In the past, the use of spinal implants in
the presence of infection was highly controversial. Nowadays, there is sufficient evidence
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to support the claim that the use of spinal instrumentation in patients with infections is
safe since it does not compromise the eradication of the pathogen [110].

6.2.1. Open Surgery

In patients with spinal instability, symptomatic neural compression, or progressive
kyphotic deformity, decompression of the spinal canal and stabilization are mandatory.
The main surgical approaches include anterior debridement, traditional posterior decom-
pressive procedures with or without instrumentation surgery, and combined anterior
and posterior approaches. However, there is no consensus on the optimal surgical ap-
proach [111,112]. The surgical approach should be chosen according to the location of the
spinal lesion, the degree of vertebral destruction and nerve compression, and the surgeon’s
experience and technical skills [113].

In the past, anterior decompression combined with posterior internal fixation was
commonly used. The current development of spinal surgery implants and techniques
has facilitated the treatment of lumbar brucellosis with abscesses only by the posterior
approach [114]. Posterior surgery is considered suitable for intraspinal granulation and
abscess removal, especially for patients with nerve compression caused by posterior column
lesions, whereas combined surgery is recommended for patients with perivertebral abscess,
psoas abscess, or severe anterior column destruction [113,114].

Anterior standalone approach with reconstruction of the spinal column has been
described by several authors as safe and effective in the treatment of spinal infections,
including cases of Brucella spondylitis. This approach remains the only way to obtain
direct and adequate neural decompression as well as optimal spine reconstruction and
fixation through a single surgical procedure [115]. Katonis et al. have recommended
anterior decompression with corpectomy, reconstruction with a titanium cage filled with
autograft, and stabilization with an anterior plate in cases of kyphotic deformity with cord
compression caused by Brucella spondylitis in the lower thoracic spine, whereas when
the infection was localized in the lumbar spine, a posterior approach and laminectomy
were chosen [108]. Yin et al. more recently reported their results on treating 16 patients
with lumbar Brucella spondylitis with one-stage anterior internal fixation, debridement,
and bone fusion. The mean follow-up was 35.3 ± 8.1 months (range, 24–48 months). All
patients were considered completely cured, with bone fusion achieved in 4.8 ± 1.3 months.
Pain and neurological function were significantly improved between the preoperative and
last follow-up visits, as well as kyphotic deformity, as the Cobb angle was 20.7 ± 9.8◦
preoperatively and measured 8.1 ± 1.3◦ at the last follow-up visit. The authors concluded
that one-stage surgical treatment with anterior debridement, fusion, and instrumentation
can be an effective and feasible treatment method for lumbar Brucella spondylitis [116].

However, the opponents of the anterior standalone approach in the treatment of
vertebral osteomyelitis consider this approach inadequate to restore and to ensure stability
of the infected spine and to correct kyphosis and, therefore, believe that supplemented
posterior fixation is mandatory [117]. In order to determine the optimal surgical approach,
Na et al. compared 2 groups of patients undergoing surgical treatment for lumbar Brucella
spondylitis. The clinical and surgical outcomes were compared in terms of operative time,
intraoperative blood loss, hospitalizations, bony fusion time, complications, visual analog
scale score, recovery of neurological function, and deformity correction. Both anterior and
posterior approaches were successful, and fusion was achieved within 11 months in all
cases. Yet, the posterior approach resulted in better kyphotic deformity correction, less
surgical invasiveness, and fewer complications [112]. Similar results have been reported by
Jiang et al. in 62 patients with lumbar Brucella spondylitis who underwent either one-stage
posterior pedicle fixation, debridement, and interbody fusion or anterior debridement,
bone grafting, and posterior instrumentation. Both surgical interventions were equally
effective in the treatment of lumbar Brucella spondylitis. However, the posterior approach
demonstrates advantages such as reduced surgical time, less blood loss and hospital
stays, and fewer perioperative complications. Therefore, the one-stage posterior pedicle
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fixation, debridement, and interbody fusion represent a superior treatment option [118].
Significant shorter operation time, hospitalization time, and intraoperative blood loss has
also been reported in patients with thoracolumbar Brucella spondylitis who were treated
with posterior debridement and instrumented fusion compared to patients treated with one-
stage anterior radical debridement combined with bone grafting and fusion and posterior
internal fixation (360◦ surgery). No significant difference has been found between the two
groups in terms of pain control, neurological improvement and deformity correction [119].

6.2.2. Minimally Invasive Surgical Techniques

Spinal brucellosis is less destructive compared to other infectious spinal diseases such
as pyogenic spondylitis or spinal tuberculosis, and therefore, minimally invasive proce-
dures should be preferred as much as possible in patients undergoing surgical treatment,
especially in cases with poor general health and comorbidities [120]. Hadjipavlou et al.
have reported their technique of percutaneous transpedicular discectomy and drainage of
purulent material in patients with pyogenic spondylodiscitis [121,122], including patients
with Brucella spondylitis [108]. In a series of 10 patients receiving surgical treatment for
spinal brucellosis, 3 patients with spondylodiscitis without epidural abscesses underwent
transpedicular discectomy and drainage with good and sustained results [108]. According
to the authors this minimally invasive technique has high diagnostic and therapeutic ef-
fectiveness when applied in the early stages of uncomplicated spondylodiscitis because it
promotes pain relief and healing by stimulating granulation tissue to enter the avascular
disc space from the subchondral bone, but is contraindicated in the presence of instability,
kyphosis from bone destruction, and neurological deficit [122]. This technique is also ideal
for collecting samples for microbiological diagnosis with greater sensitivity compared to
CT-guided biopsies [123].

Recently, Wang et al. retrospectively analyzed 13 patients with lumbar Brucella
spondylitis who underwent bi-portal endoscopic decompression, debridement, and in-
terbody fusion, combined with percutaneous screw fixation, with 92.3% of the patients
reporting good to excellent outcomes [109]. Indications for this procedure are similar
to those of open surgery and include severe disc or vertebral destruction resulting in
intractable low back pain refractory to medication treatment, severe or progressive neuro-
logical dysfunction due to compression of the spinal cord or cauda equina by inflammatory
tissue in the spinal canal or epidural abscesses, spinal instability, and ineffective medi-
cal therapy. However, this operation is contraindicated in cases with severe destruction
of the anterior column requiring anterior debridement and interbody fusion through a
retroperitoneal approach or in cases with massive paravertebral abscesses [124].

Other minimally invasive procedures, such as percutaneous endoscopic discectomy
and drainage [125,126], percutaneous endoscopic debridement with dilute Betadine so-
lution irrigation [123], and thoracoscopic debridement and stabilization [127], have been
described for the management of bacterial spondylodiscitis, including cases of spinal tuber-
culosis, and could potentially be recruited for the surgical treatment of Brucella spondylitis.

7. Conclusions

Brucellosis is the most common zoonosis worldwide, posing a significant public health
problem. Spinal involvement presenting as spondylitis, spondylodiscitis, and epidural, par-
avertebral, and psoas abscesses is a frequent and serious complication of the disease, often
with post-treatment residual damage. The therapeutic approach of spinal brucellosis should
always be multidisciplinary with a team of infectious disease specialists, microbiologists,
radiologists, neurosurgeons, and orthopedics in order to achieve a favorable outcome.
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Abstract: Background: Vertebral osteomyelitis (VO) often necessitates surgical intervention due to
bone loss-induced spinal instability. Anterior column reconstruction, utilizing expandable verte-
bral body replacement (VBR) implants, is a recognized approach to restore stability and prevent
neurological compromise. Despite various techniques, clinical evidence regarding the safety and
efficacy of these implants in VO remains limited. Methods: A retrospective cohort analysis, spanning
2000 to 2020, was conducted on 24 destructive VO cases at a Level 1 orthopedic trauma center.
Diagnosis relied on clinical, radiological, and microbiological criteria. Patient demographics, clinical
presentation, surgical interventions, and radiological outcomes were assessed. Results: The study
included 24 patients (62.5% male; mean age 65.6 ± 35.0 years), with 58% having healthcare-associated
infections (HAVO). The mean radiological follow-up was 137.2 ± 161.7 weeks. Surgical intervention
significantly improved the bi-segmental kyphotic endplate angle (BKA) postoperatively (mean −1.4◦

± 13.6◦). However, a noticeable loss of correction was observed over time. The study reported a mor-
tality rate of 1/24. Conclusions: Anterior column reconstruction using expandable VBR effectively
improved local spinal alignment in destructive VO. However, the study underscores the necessity
for prolonged follow-up and continuous research to refine surgical techniques and postoperative
care. Addressing long-term complications and refining surgical approaches will be pivotal as the
field progresses.

Keywords: expandable vertebral body replacement; vertebral osteomyelitis; bony fusion rate; ante-
rior column reconstruction; spondylodiscitis

1. Introduction

Vertebral osteomyelitis (VO) is the most common manifestation of osteomyelitis in
the adult population with an increasing incidence rate [1,2]. A feared complication is
spinal instability due to progressive bone loss of the infected vertebral bodies (VB) [3].
However, VO requires complete surgical debridement only in chosen, severe cases [4].
In most other cases, conservative treatment, or a limited surgical regime is sufficient. In
cases in which surgery is indicated, it has been suggested to significantly reduce pain,
enhance neurologic function, and result in a high percentage of patients going back to their
previous functional/work status [5]. In these cases, segmental stabilization with dorsal
instrumentation and the option of interbody fusion, combined with systemic antibiotic
therapy, usually is the therapy of choice [6,7]. Indications for surgical treatment of pyo-
genic spondylodiscitis are sepsis, an epidural abscess, neurological deficits/complications,
and instabilities/deformities in the affected motion segment, which are also included in
current classification systems [8]. Preservation of vertebral body integrity, development
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of spinal deformities, refractory back pain, inadequate patient compliance, and failure of
conservative therapy are considered relative surgical indications. Segmental kyphosis >15◦,
vertebral body loss >50%, and/or translation >5 mm are considered instability criteria [9,10].
Combined posterior–anterior surgery is considered in cases of large anterior defects. It has
been demonstrated that a better reconstruction of the sagittal profile could be achieved
with posterior–anterior stabilization in comparison to posterior only constructs [11]. The
indication for the posterior–anterior stabilization [12] mainly depends on the clinical course,
radiological parameters for segmental instability, and on the experience of the treating sur-
geons [13,14]. An autologous iliac bone crest can be used to restore the ventral load-bearing
column. This has the disadvantage of donor site morbidity and the risk of subsequent graft
failure due to collapse of the bone chip. Alternatively, cages filled with autologous bone
or, in the case of larger defects, (expandable) vertebral body replacement implants can be
used. The titanium cage is considered the gold standard, although polyetheretherketone
(PEEK) cages show comparable results in the medium term [15]. Expandable vertebral
body replacement (VBR) implants have been shown to be an effective alternative for bone
blocks and cages [16–19]. Data on restoring the bi-segmental kyphotic endplate angle
(BKA) in VO patients are scarce, despite the fact that it has been demonstrated that they
are effective in supplying primary stability. It is noteworthy that reports have been made
of cage subsidence and loss of ventral support over time [20,21]. The ensuing kyphotic
malalignment may also cause subsequent neurological signs and diseases, impairing spinal
function [22,23].

This study aimed to examine the safety and radiological outcome of posterior–anterior
treatment with anterior column reconstruction of destructive vertebral osteomyelitis at the
thoracolumbar spine with an expandable VBR (ObeliscTM, Ulrich Medical, Ulm, Germany).

2. Materials and Methods

This retrospective study conducted at a Level 1 orthopedic trauma center in Germany
focused on patients with spondylodiscitis who underwent vertebral body replacement
(VBR) between 1 January 2000 and 31 December 2020. The evaluation considered three
time points: pre-operation, post-operation, and the final follow-up, ensuring a minimum
follow-up period of 6 weeks.

2.1. Patient Selection and Characterization

Patients eligible for this study were those aged 18 years or older diagnosed with
vertebral osteomyelitis (VO) per ICD-10 codes: M46.2 (osteomyelitis of vertebra), M46.3
(infection of the intervertebral disc, pyogenic), M46.4 (discitis, unspecified), and M46.5
(other infective spondylopathies). The cases were meticulously screened, and the diagnosis
was confirmed by compatible clinical features, radiological evidence in CT and/or MRI,
and microbiologic demonstration of bacterial pathogens.

The study differentiated between healthcare-associated vertebral osteomyelitis (HAVO)
and community-acquired vertebral osteomyelitis (CAVO) [24,25]. HAVO was identified
if symptoms developed a month after hospitalization without prior evidence of VO, or if
there was a hospital admission or outpatient diagnostic or therapeutic manipulation six
months before symptom onset. If none of these criteria were met, VO cases were classified
as CAVO.

The inclusion criterion was patients with vertebral osteomyelitis in the thoracolumbar
spine who were treated with a VBR implant and had at least two radiological follow-ups
after surgery, with the latter one after a minimum follow-up period of 6 weeks. Exclusion
criteria were patients under 18, those with non-operative treatment or surgical treatment
other than an expandable VBR, and those with incomplete radiological follow-up. Given
the retrospective nature of the data-set, VO patients with heterogeneous infection courses
were indicated for ventral column reconstruction. In general, we consider vertebral body
replacement for defects encompassing 50% or more of the vertebral body, progressive
osteolysis, persistent symptoms despite dorsal instrumentation and antibiotic therapy,
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and cases with severe local sagittal deformity. The indication primarily depended on the
individual patient’s situation.

2.2. Data Collection and Ethics

Data were retrospectively collected, focusing on patient demographics, injury mecha-
nism, neurological status, treatment details, and microbiological details on the causative
pathogens and treatments. Septic patients admitted to the Intensive Care Unit were clas-
sified according to the Sequential Organ Failure Assessment score. The study adhered to
the Declaration of Helsinki and was approved by the University of Regensburg’s ethics
committee (Number: 12-218_2-101 09/2021).

2.3. Radiological Assessment

Radiological assessment involved pre- and postoperative CT scans and X-rays for
surgical planning and implant verification, with subsequent X-rays conducted at least 6
weeks post-surgery. The evaluation utilized the bi-segmental kyphotic endplate angle
(BKA), visualized in Figure 1, to measure medio-lateral X-rays. In the assessment, BKA
values below zero denote kyphosis, while values above zero denote lordosis. In a subset
analysis, we separately evaluated the BKA at the thoracic spine (T1-T10), thoracolumbar
transition (T11-L2), and the lumbar spine (L3-L5). Fusion at the final follow-up was assessed
using the Bridwell [26] classification system. Briefly, the evaluation of fusion rates was
conducted via lateral X-ray examination, where the absence of radiolucency, lack of bone
sclerosis, and presence of bridging trabecular bone within the fusion area were assessed.
Additionally, the observation of screw loosening or implant displacement indicated the
presumption of insufficient fusion.

Figure 1. Measurement of the bi-segmental kyphotic endplate angle (BKA) in medio-lateral X-rays.

2.4. Statistical Analysis

Statistical analysis was conducted using SPSS software, version 28. Tests, including
Mann–Whitney U, Kruskal–Wallis, and independent t-tests, were performed as appropriate.
The associations between implant specifications and the loss of correction were assessed
using Pearson correlation analysis. p-values < 0.05 were deemed statistically significant.
Continuous variables are presented as mean ± standard deviation, and categorical data
as frequencies.
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3. Results

The study included 24 patients (Figure 2), with a male predominance (62.5%) and a
mean age of 65.6 ± 35.0 years. The average BMI was 29.5 ± 6.3. Symptoms had been present
for 71.0 ± 46.3 days on average before hospitalization. Healthcare-associated infections
(HAVO) were identified in 58% of cases (Table 1), with 54.2% potentially being iatrogenic.
The mean hospital stay was 33.2 ± 22.3 days, and 75.0% (18/24) of patients required
ICU (Intensive Care Unit) admission, with an average ICU (Intensive Care Unit) stay of
3.3 ± 3.4 days. A third of the patients (33.3%) developed sepsis during their hospitaliza-
tion, according to the reviewed diagnoses in the patient charts. Initial CRP levels upon
admission were high at 149.3 ± 11.2 mg/L, decreasing to a mean of 83.6 ± 9.7 mg/L by
the end of the hospitalization. Leukocyte counts increased slightly from an initial mean of
9.4 ± 3.5 × 109/L to a final mean of 10.0 ± 7.5 × 109/L.

Figure 2. Inclusion and exclusion criteria of study cohort.

Six (25.0%) patients had a paravertebral abscess, eight (33.3%) had a psoas abscess,
and three (12.5%) had an epidural abscess. Neurological complications were also present:
eight (33.3%) patients had paresis, two (8.3%) had hyposensitivity, and two (8.3%) had
paresthesia. Six (25.0%) patients experienced a spinal cord injury. Additionally, 19 patients
(79.2%) reported back pain.
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Table 1. Baseline statistics of study cohort.

Percentage [n]

n 100.0% [24]

age [years] 65.9 ± 11.9

sex ♂= 62.5% [15]♀= 37.5% [9]

BMI 29.5 ± 6.3

HAVO/CAVO [n]
HAVO = 58.4% [14]
CAVO = 41.7% [10]

hospital stay duration [days] 33.2 ± 22.3

intensive care unit stay 75.0% [18]

intensive care unit stay duration [days] 3.3 ± 3.4

duration of symptoms [days] 71 ± 46.3

mortality (in-hospital) 4.2% [1]

localisation
thoracic spine 45.9% [11]

thoracolumbal junction 29.2% [7]
lumbar spine 25.0% [6]

abscess

no abscess 37.5% [9]
total 62.5% [15]

paravertebral 25.0% [6]
psoas 33.4% [8]

epidural 12.5% [3]

An acute fulminant septic course was observed in eight cases (33.4%). With Staphy-
lococcus aureus being the most isolated pathogen (n = 10, 41.7%), Streptococcus species
(n = 1, 4.2%) and Enterococcus (n = 1, 4.2%) were detected in patients’ microbiological
samples. In 12 cases, no pathogen could be isolated. The most frequent comorbidity was
diabetes mellitus (n = 10, 41.7%), followed by congestive heart failure (n = 7, 29.2%). Pe-
rioperative abscess formation occurred in 15 cases (62.5%), with percutaneous drainage
performed in 11 cases. All patients received empirical broad-spectrum antibiotic therapy,
which was subsequently adjusted according to antibiotic susceptibility testing in cases
where pathogens were identified. Nine patients were treated with antibiotic monotherapy,
while the remaining patients received combination antibiotic regimens, including the addi-
tion of rifampicin in five cases, among other variations. The mean duration of antibiotic
therapy was 62.4 ± 28 days.

Among the cohort, 22 (91.6%) cases underwent dorsal instrumentation. The recon-
struction of the anterior column and implantation of the VBR was conducted using a
thoracoscopic approach in n = 11 cases (45.8%) and a lumbotomy in n = 4 (16.7%) cases,
whereas in n = 9 (37.5%) cases an isolated dorsal approach was used. In 20 cases (83.3%),
implants with 0◦ angulation base- and endplates were used, while in two cases (8.3%) 5◦
and 10◦ angulations were utilized, respectively. A total of seven different VBR sizes were
utilized, ranging from 17–23 mm to 40–62 mm.

A total of 17 patients underwent a one-staged procedure, and in seven cases a two-
staged procedure was performed. The mean surgical duration for the reconstruction of
the anterior column was calculated at 155.5 ± 65 min. Complications were observed in
six patients (25.0%), encompassing a dislocation of the VBR implant in one case (4.2%),
material irritation in three cases (12.5%), postoperative hematoma in one case (4.2%), and
screw dislocation in one case (4.2%). Among these cases, five (20.8%) required subsequent
revision surgeries to address the identified complications. In the study population, material
irritation manifested as localized discomfort and pain at the site of the implanted dorsal
instrumentation material, while VBR dislocation, observed radiographically during follow-
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up, did not exhibit any clinical symptoms. However, it necessitated implant removal due
to a high risk of potential further damage. The time to failure, defined as the need for
revision surgery, was recorded at an average of 280.5 ± 386.8 days (as shown in Table 2).
The in-hospital mortality rate was observed to be 4.2% (n = 1). Recurrent infection related
to the VBR was not recorded during the follow-up period.

Table 2. Complications and revisions after surgical implantation of VBR.

Percentage [n]

n 100.0% [24]

revision surgery 20.8% [5]

time to failure [days] 280.5 ± 386.8

consolidation 75.0% [18]

Bridwell classification

I 4.2% [1]
II 58.4% [14]
III 8.4% [2]
IV 4.2% [1]

complications

no complications 75.0% [18]
total 25.0% [6]

VBR dislocation 4.2% [1]
material irritation 12.5% [3]

bleeding 4.2% [1]
screw dislocation 4.2% [1]

Radiological Outcome

The mean radiological follow-up was after 137.2 ± 161.7 weeks with a minimum
follow-up of 6 weeks. Examining the entire cohort initially, we found a mean preoperative
BKA of −7.3◦ (±17.9◦). Post-surgery, a significant correction in the BKA was observed,
demonstrated by a postoperative mean of −1.4◦ (±13.6◦; p = 0.023). At the follow-up, we
observed a decrease of the BKA to a mean of −8.3◦ (±14.4◦), indicating a significant loss of
surgical correction over time by 8.7 ± 7.7◦ (p < 0.000, Figure 3).

Figure 3. BKA changes of the total cohort (n = 24).

For the thoracic spine subset of patients, the preoperative mean BKA was
−19.3 ± 12.7◦, showing a more pronounced kyphotic deformity than the overall cohort.
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Post-surgery, a correction was noted with a postoperative mean BKA of −10.8 ± 8.6◦
(p = 0.123). By the time of follow-up, the mean BKA had decreased to −17.8 ± 11.4◦,
reflecting a significant loss of correction by 8.3 ± 7.1◦ (p = 0.021; Figure 4A).

Figure 4. Changes in the BKA in the Thoracic Spine (A), the Thoracolumbar junction (B), and the
Lumbar Spine (C).

At the thoracolumbar junction the preoperative mean BKA was −5.1 ± 16.7◦. Post-
operative measurements indicated a corrected mean of 1.1 ± 11.7◦, yet the change did
not reach statistical significance (p = 0.245). By the time of follow-up, the mean BKA was
−4.0 ± 7.8◦, implying loss of correction by 11.1 ± 10.1◦ (p = 0.067, Figure 4B).

At the lumbar spine, the preoperative mean BKA was 10.1◦ ± 11.2◦. Postoperatively,
there was an observed correction to a postoperative mean of 12.9 ± 9.4◦, showing a
correction by 4.1 ± 3.4◦ (p = 0.210). At follow-up, the mean BKA decreased to 7.4 ± 10.2◦,
demonstrating a loss of correction by 6.8 ± 6.1◦ (p = 0.109; Figure 4C).

We did not detect a correlation between the VBR size and the amount of loss of
correction (r = 0.178; p = 0.400). There was a medium positive correlation between the
used VBR base-and endplate angulation and the loss of correction at the final follow-up
(r = 0.513; p < 0.05). A subsidence rate of 5/24 was documented in patients but did not
exhibit a significant correlation with changes in the BKA.

In 18 of 24 patients, we were able to assess the bony consolidation progress using the
Bridwell classification [26]. Among those 18 patients, we observed varying progress in
fusion at the follow-up period. Specifically, 4.2% of the patients were classified as Bridwell
stage 1, 58.4% as Bridwell stage 2, 8.4% as Bridwell stage 3 and 4.2% as stage 4 (as shown in
Table 2).

4. Discussion

The present study provides a comprehensive analysis of the surgical treatment and
vertebral body replacement in patients with VO, focusing on the thoracolumbar spine.
Our findings suggest that surgical intervention, specifically posterior–anterior treatment
with anterior column reconstruction using an expandable VBR (ObeliscTM, Ulrich Medical,
Ulm, Germany), can significantly improve the bi-segmental kyphotic endplate angle (BKA)
postoperatively. However, a significant loss of this surgical correction was observed over
time, indicating the potential for long-term complications, cage subsidence and the need
for further research and improvement in surgical techniques and postoperative care.

Our findings align with previous studies that have highlighted the effectiveness of sur-
gical intervention in spondylodiscitis cases. For instance, a study by Kehrer et al. reported
that surgical intervention could significantly reduce pain, enhance neurological function,
and enable a high percentage of patients to return to their previous functional or work
status [27]. Similarly, our study found that surgical intervention could significantly improve
the BKA postoperatively, suggesting an improvement in spinal alignment and potentially
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reducing pain and enhancing neurological function. However, this study did not include a
detailed clinical follow-up. It has been recently demonstrated that spondylodiscitis patients
show acceptable but impaired patient-reported outcome measurements, regardless the
therapy strategy [15]. A recent study by Neuhoff et al. demonstrated a sagittal correction
of 10◦ (range 0–54◦) in a cohort of 100 patients with spinal infections treated via vertebral
body replacements. This aligns with our study’s results, which indicated an approximate
average 6◦ correction in the BKA [28].

Our study also revealed a significant loss of surgical correction over time, as evidenced
by the decrease in the BKA at follow-up. This finding is consistent with previous reports
of cage subsidence and loss of ventral support over time in thoracolumbar vertebral body
replacement [19,29]. The ensuing kyphotic malalignment may also cause subsequent
neurological impairment, limiting spinal function [22,23]. This suggests that while surgical
intervention can provide immediate relief and improvement, long-term complications
may arise.

In the cohort studied by Neuhoff et al., 31 patients were followed up for more than one
year. They found that the main causes for revision surgery were wound healing disorders
(12%) and implant failure (11%), with specific complications including posterior pedicle
screw loosening (8%) and anterior cage subsidence (3%) [28]. Aseptic mechanical complica-
tions were more common in longer pedicle-screw constructs, occurring significantly less
in shorter constructs (0–4 levels). In comparison, 6/24 patients in our study experienced
complications, including VBR implant dislocation (n = 1), material irritation (n = 3), postop-
erative hematoma (n = 1), and screw dislocation (n = 1), leading to revision surgeries in five
cases. The average time until the unplanned revision surgery was 280.5 days. A subsidence
rate of 5/24 was documented in patients but did not exhibit a significant correlation with
changes in the BKA. A subsidence rate of 5 out of 24 was noted, but this did not show a
significant association with alterations in the BKA during the overall follow-up period.
The study’s findings underscore the complexity of managing VO, particularly within the
thoracolumbar region, and depending on the complexity of the surgical intervention, due
to the intricate interplay of anatomical, biomechanical, and infectious factors.

The choice of surgical intervention for anterior column reconstruction using an ex-
pandable VBR represents a strategic approach to address the multifaceted challenges posed
by VO. However, it is important to acknowledge that surgical management in this context
demands meticulous patient selection, thorough preoperative planning, and a nuanced
assessment of risk factors to ensure optimal outcomes [2].

Furthermore, the noted decrease in the BKA over time highlights the ongoing biome-
chanical challenges associated with vertebral body replacement. Darwich et al. showed
overall low complication rates and a good functional outcome within their cohort treated
with VBR, but also that significant height gain was associated with higher complication
rates [30]. While immediate improvements in spinal alignment are evident, the long-term
biomechanical implications require continuous scrutiny. The interplay between surgical
correction, fusion, and load distribution underscores the importance of biomechanical
studies that provide insights into the longevity and sustainability of surgical outcomes.

Additionally, a reported mortality rate of 4.2% and septic complications in one third
of the cohort indicate the potential severity of VO and its associated challenges. This
underlines the importance of early diagnosis, timely intervention, and comprehensive
management to mitigate adverse outcomes [2,31].

In analyzing our results, the study revealed a statistically significant improvement
in the bi-segmental kyphotic endplate angle (BKA) postoperatively across the entire co-
hort, emphasizing the effectiveness of posterior–anterior treatment with anterior column
reconstruction using an expandable VBR. However, the observed long-term loss of surgical
correction underscores the need for continuous scrutiny and further research to address
potential complications such as cage subsidence, contributing to the ongoing biomechanical
challenges associated with vertebral body replacement [32,33].
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Limitations

An important limitation of our study is the unavailability of longstanding X-rays
for all the cases to assess global spinal alignment. In our study, follow-up X-rays were
conducted with the patient standing upright. However, we did not apply X-rays of the
whole spine because global deformity correction was not the main surgical goal for the
mostly severely ill patients, but rather local reconstruction and stabilization. It is worth
noting that comparison between the pre- and postoperative kyphotic angle might partially
be influenced by the difference of patient positioning [34]. While the preoperative CT
was conducted with the patient in supine position, the postoperative follow-up X-rays
were taken with the patient standing upright. Additionally, beyond these considerations,
11 patients were excluded from the analysis because of incomplete radiological follow-up.
The reported follow-up time of 137 ± 161.7 weeks exhibits a notably uneven distribution.
This asymmetry in follow-up duration is a relevant consideration that may have influenced
the interpretation of the radiographic results. Another limitation is that our retrospec-
tive design restricts our study’s capability to thoroughly analyze the multifaceted factors,
including heterogeneous infection courses in VO patients, that influenced the decision
for patients to undergo either one- or two-staged procedures. Generally, the two-staged
procedure is selected for patients with multimorbidity, as it allows for a more cautious
surgical approach, minimizing operative time and blood loss. Furthermore, it is worth
emphasizing that a more comprehensive understanding of the reasons behind the loss of
correction is desirable, for example through a comparison with another patient group. This
could be achieved through the implementation of a prospectively designed study, which
might also include an evaluation of the height of the VBR in correlation to postoperative
outcomes. Such an approach could provide valuable insights into optimizing patient care
and surgical strategies in the future. Additionally, the evaluation of the role of osteoporo-
sis, with VBR combined allo- or autografts as well as local antibiotics, should be taken
into consideration.

In light of the retrospective design and limited sample size acknowledged in our study,
it is imperative to recognize that our findings offer a valuable mid-term analysis of surgical
interventions for vertebral osteomyelitis in the thoracolumbar spine. While the study’s
limitations necessitate careful consideration, the observed biomechanical challenges and
long-term complications underscore the importance of ongoing research and refinement in
surgical techniques and postoperative care to optimize patient outcomes in this complex
clinical scenario. Also, due to the retrospective design of our study, a notable limitation is
the absence of an assessment of functional outcomes or other patient-associated symptoms,
which could have provided a more comprehensive understanding of the clinical impact of
the procedures. The potential influence of patient positioning on the comparison between
pre- and postoperative kyphotic angles emphasizes the importance of standardized imaging
protocols in future studies, with a recommendation for consistent positioning, such as
standing lateral radiographs, to ensure more accurate and reliable measurements.

While the study has certain limitations inherent to its retrospective design and small
sample size, its comprehensive analysis, clinical relevance, and focus on mid-term consider-
ations contribute valuable insights into the outcomes of surgical interventions for VO. The
findings provide a foundation for further research and optimization of treatment strategies
to improve patient outcomes in this challenging clinical scenario.

5. Conclusions

In conclusion, the study’s radiological outcomes highlight the promising potential
of surgical interventions in the management of spondylodiscitis, specifically within the
thoracolumbar spine. The immediate benefits in spinal alignment improvement need to be
balanced with a keen awareness of potential long-term complications and the imperative
for ongoing research to refine surgical techniques and postoperative care. As the field
advances, collaborative efforts that integrate biomechanical, clinical, and microbiological
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insights will be essential in optimizing treatment strategies and enhancing patient outcomes
in this complex clinical scenario.
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Abstract: Background: Owing to the lack of evidence on the diagnostics, clinical course, treatment,
and outcomes of patients with extremely rare spinal intradural abscess (SIA) and spinal epidural
abscess (SEA), we retrospectively analyzed and compared a cohort of patients to determine the
phenotyping of both entities. Methods: Over a period of 20 years, we retrospectively analyzed the
electronic medical records of 78 patients with SIA and SEA. Results: The patients with SIA showed
worse motor scores (MS scores) on admission (SIA: 20 ± 26 vs. SEA: 75 ± 34, p < 0.001), more
often with an ataxic gait (SIA: 100% vs. SEA: 31.8%, p < 0.001), and more frequent bladder or bowel
dysfunction (SIA: 91.7% vs. SEA: 27.3%, p < 0.001) compared to the SEA patients. Intraoperative
specimens showed a higher diagnostic sensitivity in the SEA patients than the SIA patients (SIA:
66.7% vs. SEA: 95.2%, p = 0.024), but various pathogens such as Staphylococcus aureus (SIA 33.3%
vs. SEA: 69.4%) and Streptococci and Enterococci (SIA 33.3% vs. SEA: 8.1%, p = 0.038) were detected
in both entities. The patients with SIA developed sepsis more often (SIA: 75.0% vs. SEA: 18.2%,
p < 0.001), septic embolism (SIA: 33.3% vs. SEA: 8.3%, p = 0.043), signs of meningism (SIA: 100%
vs. 18.5%, p < 0.001), ventriculitis or cerebral abscesses (SIA: 41.7% vs. SEA: 3.0%, p < 0.001), and
pneumonia (SIA: 58.3% vs. SEA: 13.6%, p = 0.002). The mean MS score improved in both patient
groups after surgery (SIA: 20 to 35 vs. SEA: 75 to 90); however, the SIA patients showed a poorer MS
score at discharge (SIA: 35 ± 44 vs. SEA: 90 ± 20, p < 0.001). C-reactive protein (CrP) (SIA: 159 to
49 vs. SEA: 189 to 27) and leukocyte count (SIA: 15 to 9 vs. SEA: 14 to 7) were reduced at discharge.
The SIA patients had higher rates of disease-related mortality (SIA: 33.3% vs. SEA: 1.5%, p = 0.002),
had more pleural empyema (SIA: 58.3% vs. SEA: 13.6%, p = 0.002), required more than one surgery
(SIA: 33.3% vs. SEA 13.6%, p = 0.009), were treated longer with intravenous antibiotics (7 ± 4 w vs.
3 ± 2 w, p < 0.001) and antibiotics overall (12 ± 10 w vs. 7 ± 3 w, p = 0.022), and spent more time in
the hospital (SIA: 58 ± 36 vs. SEA: 26 ± 20, p < 0.001) and in the intensive care unit (SIA: 14 ± 18 vs.
SEA: 4 ± 8, p = 0.002). Conclusions: Our study highlighted distinct clinical phenotypes and outcomes
between both entities, with SIA patients displaying a markedly less favorable disease course in terms
of complications and outcomes.

Keywords: spinal intradural abscess; spinal epidural abscess; epidural empyema; Staphylococcus
aureus; spinal infection
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1. Introduction

Spinal intradural abscess (SIA) is an extremely rare form of primary spinal infection
(PSI) [1]. Together with isolated spinal epidural abscess (SEA) and the most common
form, spondylodiscitis (SD), they form PSI [2,3]. While the incidence of PSI was previously
reported to be 0.2–3 cases per 100,000 people per year [4–6], the current age-standardized
incidence rate in Germany is estimated to be 30 per 250,000 people a year based on data
from the Federal Statistical Office (2015) [7].

SIAs are located in the subdural space or in the spinal cord. In contrast to spinal
epidural abscesses, intradural abscesses can occur anywhere along the spinal cord or in
the spinal cord and are associated with a higher mortality rate. In the first instance, SIA
and isolated SEA are due to the hematogenous spread of an infection, but they can also be
caused iatrogenically, e.g., by epidural injections [3,8].

In the case of neurological deficits in SIA or SEA patients, the standard recom-
mended treatment is surgical drainage followed by adequate antimicrobial therapy for
4–6 weeks [2,9–12].

The prognosis of an isolated SEA may be better than that of SD with or without an
epidural abscess [13]. If SIA is not treated immediately, the prognosis is poor [14,15]. The
incidence, clinical course, morbidity, mortality, and optimal standardized treatment of
patients with SIA are still unclear, and most evidence is based on case reports and lacks
systematic analysis [2,10].

Given the lack of conclusive evidence on the diagnosis, clinical course, treatment,
and outcome of patients with SIA and SEA, we retrospectively analyzed a large cohort
of 78 patients and compared both populations to determine the phenotyping of the two
entities and propose a treatment algorithm for both diseases.

2. Materials and Methods

2.1. Study Design and Patient Data
2.1.1. Study Design

We retrospectively analyzed the data of 228 patients with PSI. We included all con-
secutive patients with PSI who underwent surgery at our hospital between 2002 and 2022.
Patients were excluded based on one of the following criteria:

- Early or late postoperative local spinal infection
- Only conservative treatment
- Spondylodiscitis

We investigated 78 consecutive patients with SIA and SEA who underwent surgery at
our neurosurgical university spine center in Dresden, Germany, between 2002 and 2022
(Figure 1).

Figure 1. Study design. This figure shows our study design in 228 patients with primary spinal
infection. One-hundred and fifty patients were excluded due to spondylodiscitis and only receiving
conservative treatment.
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2.1.2. Institutional Review Board and Electronic Patient Data Software

This study was reviewed and approved by the local ethics committee of the Medical
Faculty of the TU Dresden and University Hospital Carl Gustav, Dresden (Ref: BO-EK-
17012022). Data on the patients were identified using the ORBIS system (ORBIS, Dedalus,
Bonn, Germany), and imaging files were identified using the IMPAX system (IMPAX,
Impax Asset Management Group plc, London, UK).

2.1.3. Patient Data

The electronic medical records were pseudonymized and first divided into two
groups—SIA or SEA—according to the type of infection. The data collected included
sex, age, type of PSI, causative pathogen, detection via (blood cultures, intraoperative
specimens, and computer tomography (CT)-guided biopsies), time passed to pathogen
detection, type of antibiotic strategy, presence of psoas or pleural abscesses, spinal location
of infection, time passed to surgery, incidental dural tears, primary source of infection,
surgical and antibiotic treatment, type of surgical procedure, comorbidities (diabetes melli-
tus, immunodeficiency, obesity, malignancy, hepatic cirrhosis, dialysis, stent or vascular
prosthesis, artificial heart valve replacement, osteoporosis, rheumatoid arthritis or elevated
rheumatoid factors, gout or elevated uric acid, chronic venous insufficiency, peripheral
artery disease, and atrial fibrillation), relapse, sepsis, septic embolism, sign of meningism,
reoperation, disease-related mortality, hospitalization, intensive care unit (ICU) stay, ven-
triculitis or cerebral abscess, deep wound infection, pneumonia, urinary tract infection,
presentation of ataxic gait, bladder or bowel dysfunction, number of decompressed levels,
number of required surgeries, American Society of Anaesthesiologists (ASA) classification,
preoperative and postoperative C-reactive protein (CrP) level and leukocyte count, and
motor score based on the American Spinal Injury Association grading system (MS score).

2.2. Clinical Management

We diagnosed SIA and SEA on the basis of the patient’s medical history, clinical
examination, fever, laboratory values such as leukocyte count, CrP and procalcitonin,
typical radiological changes in magnetic resonance imaging (MRI) and CT, as well as
pathogen detection in blood cultures, intraoperative specimens, or CT-guided biopsies of
paravertebral psoas abscesses. The determination of whether a patient had an SIA or an
SEA was based on the intraoperative findings in accordance with the MRI.

Depending on the clinical condition, at least two blood cultures were taken before
antibiotic therapy was started for microbiological diagnosis, although some of the pa-
tients were initially treated with antibiotics in a peripheral hospital due to their severe
clinical condition.

All the patients underwent transthoracic echocardiography (TTE) to rule out infec-
tive endocarditis (IE), while the patients with possible or definite IE according to the
modified Duke criteria or with proven Gram-positive bacteria received transesophageal
echocardiography (TEE).

The SEA and SIA cases were discussed in our neurosurgery–neuroradiology confer-
ence or multidisciplinary spine board and treated in collaboration with infectiologists,
neuroradiologists, trauma surgeons, and orthopedic surgeons to determine the best treat-
ment strategy for the patients.

2.3. Surgical and Antibiotic Treatment

Surgical treatment of SEA was indicated in the case of source control, epidural abscess
with space-occupying effects, or neurological deficits. All the patients with SIA had
severe motor deficits and elevated infection parameters and showed obvious intradural
findings on their post-contrast MRI. The type of surgical intervention was determined in
the multidisciplinary spine board or in the neurosurgical–neuroradiological conference.

The patients with SEA underwent abscess evacuation with epidural suction–irrigation
drainage (ESID) or anterior cervical discectomy and fusion (ACDF) for abscesses ventral to
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the cervical spinal cord with ESID. The patients with SIA were treated via a laminectomy or
hemilaminectomy, midline durotomy, and abscess evacuation if the abscess was subdural
and extramedullary. In the case of an intramedullary abscess, a limited midline myelo-
tomy with evacuation of the abscess was performed. However, to avoid postoperative
cerebrospinal fluid (CSF) leakage, we decided not to use ESID in SIA. Therefore, surgical
decision making depended on clinical experience and various defined radiological features.

All the patients received targeted antibiotic treatment (TAT) or empirical antibiotic
treatment (EAT) depending on their clinical condition upon admission and according
to the recommendations of the local infectious diseases department. It is important to
mention that most of the patients with EAT came to us from peripheral hospitals and
needed immediate surgery; therefore, the number of EAT patients was high. EAT was
switched to TAT as soon as the causative pathogens were isolated.

In the case of a culture-negative spinal infection (blood culture, image-guided biopsy,
and open surgery), we initiated EAT. EAT was based on the suspected pathogen, suspected
source of infection, clinical condition, epidemiologic risk, and local historical in vitro
susceptibility data. In most cases, our therapy consisted of a combination of vancomycin
with ceftriaxone or vancomycin with piperacillin/tazobactam.

The first-line therapy in our department for methicillin-sensitive Staphylococcus au-
reus (MSSA) was flucloxacillin (1.5–2 g intravenously (IV) every (e) 4–6 h), β-hemolytic
Streptococci or penicillin-susceptible Enterococci penicillin G (20–24 million units IV e 24 h),
Enterobacteriaceae or Pseudomonas aeruginosa Cefepime (2 g IV e 8–12 h), methicillin-resistant
Staphylococcus aureus (MRSA), or coagulase-negative Staphylococci (CoNS) or penicillin-
resistant Enterococci Vancomycin (IV 15–20 mg/kg e 12 h with a loading dose and monitor-
ing of serum levels). In the patients with foreign body infections or osteosynthesis material,
a combination such as flucloxacillin or vancomycin with rifampicin was used [7,16].

Depending on the clinical condition, infection parameters, and MRI findings, the SIA
patients were switched from IV to oral antibiotics after 4 weeks for a further 6–8 weeks.
The twelve SIA patients in our study were treated longer on average (7 weeks) with IV
antibiotics due to their severe infection after consultation with our infectiologist. The SEA
patients were switched from IV antibiotics to oral antibiotics after 2–3 weeks on average for
a further 4 weeks.

All the patients who met our recommendation were followed up clinically and radio-
logically at 3, 6, and 12 months after discharge from the hospital, if possible.

2.4. Illustrative Case with Spinal Intradural Abscess

A 49-year-old male patient presented with a three-day history of an increasing ataxic
gait, high-grade tetraparesis (MS score 55), urinary and faecal incontinence, meningism sign,
and positive Babinski sign. Infectious parameters, including leukocyte count and CrP, were
elevated, and MRI scans of the whole spine and cranium with contrast showed an isolated
dorsal SIA between the C5 and C7 levels. Intramedullary involvement could not be ruled
out. Emergency surgery was performed in the form of a dorsal laminectomy at the C6 level,
durotomy, and abscess evacuation, as well as irrigation with gentamycin. Intramedullary
involvement was excluded intraoperatively via ultrasound. The postoperative MRI with
contrast showed a regression of the SIA, but with residual edema of the spinal cord.
Streptococcus anginosus was detected, which was treated with antibiotics for a total of
12 weeks (4 weeks intravenously). A source of infection could not be determined through
further examinations. Endocarditis and septic embolisms were ruled out. On discharge, the
infection parameters were within the normal range, and the tetraparesis had regressed (MS
score 85). At the first outpatient follow-up after completion of antibiotic therapy (12 weeks),
the patient had no neurological abnormalities, and no recurrence was detected on the
postcontrast MRI (Figure 2).
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Figure 2. Clinical management of spinal intradural abscess. (A1,A2): Preoperative sagittal and axial
contrast-enhanced T1-weighted MR images of the cervical spine showing a spinal intradural abscess
(SIA) on the dorsal part of the spinal cord at the level of C5 to C7. The yellow arrows indicate
the SIA. (B1,B2): Immediate postoperative sagittal and axial T1-weighted contrast-enhanced MR
images of the cervical spine showing postoperative contrast enhancement at the level of C6 (yellow
arrow). (C1,C2): Immediate postoperative sagittal and axial T2-weighted MR images showing the
postoperative intramedullary hyperintense signal (sign of myelopathy, yellow arrow in C1). The
yellow arrow in C2 points out the approach. (D1,D2): Sagittal and axial T2-weighted MR images
after 12 weeks at the time of discontinuation of antibiotics, showing no signs of infection.

2.5. Illustrative Case with Spinal Epidural Abscess

A 68-year-old male patient presented to a peripheral hospital with one week of in-
creasing neck pain, signs of meningism, and fever. The infection parameters, including
leukocyte count and CrP, were elevated, and Streptococcus dysgalactiae was detected in his
blood cultures. The patient was then treated with intravenous antibiotics. A postcontrast
MRI of the entire spine and cranium revealed a space-occupying isolated SEA at the level
of C2 to C7 ventral to the spinal cord. We performed urgent surgery in form of an ACDF
at level C5/6, abscess evacuation, and irrigation with Gentamycin through an epidural
irrigation catheter up to level C2. The intraoperative specimen also contained Streptococcus
dysgalactiae. Intravenous antibiotics were administered for 2 weeks and then continued
orally for 4 weeks. A source of infection could not be determined through further exami-
nations. Endocarditis and septic embolisms were ruled out. On discharge, the infection
parameters were within the normal range and there were no neurological abnormalities.
No recurrence was detected during the MRI examination with contrast (Figure 3).
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Figure 3. Clinical management of spinal epidural abscess. (A1): Preoperative sagittal reformatted CT
image showing no sign of spondylodiscitis. (A2): Preoperative sagittal T2-weighted MR image of the
cervical spine showing an isolated spinal epidural abscess (SEA) on the ventral part of the spinal canal
at the level of C2 to C7 (yellow arrow). (A3,A4): Preoperative sagittal and axial contrast-enhanced
T1-weighted MR images presenting the SEA (yellow arrows). (C3,C4): Preoperative sagittal and axial
contrast-enhanced T1-weighted MR images of the cervical spine showing an SEA (yellow arrows).
(B1): Intraoperative sagittal X-ray showing the insertion of epidural drainage from the C5/C6 level to
C2 (yellow arrow). (B2): Postoperative sagittal X-ray image showing the anterior cervical discectomy
and fusion (ACDF). (B3): Intraoperative image presenting the situation after discectomy of C5/C6
without signs of infection. (B4): Intraoperative image showing the pus outflow from the posterior
longitudinal ligament after opening it (yellow arrow). (B5): Intraoperative image revealing the
insertion of the catheter up to the level of C2 (yellow arrow). (C1–C4) Sagittal and axial T2-weighted
and contrast-enhanced T1-weighted MR images at the time of discontinuation of antibiotics showing
no signs of infection.

2.6. Statistical Analysis

Statistical analysis of the data was performed using the SPSS software package (SPSS
Statistics 29, IBM, Armonk, NY, USA). Descriptive statistics were used, and the categorical
variables were tested using Fisher exact tests or chi-square tests. The numerical variables
were analyzed using Mann–Whitney U tests. All the statistical tests were two-sided, and a
p value (p < 0.05) was considered statistically significant.

3. Results

3.1. Baseline Characteristics

Over a 20-year period, 66 patients were diagnosed with SEA and 12 patients were
diagnosed with SIA. The groups did not differ in terms of age, gender, preoperative
infection parameters, and spinal localization of the infection.

On admission, a new motor deficit was observed in both groups, with the mean MS
score being lower in SIA than in SEA (SIA: 20 ± 26 vs. SEA: 75 ± 34, p < 0.001). The
patients with SIA had a more ataxic gait (SIA: 12, 100% vs. SEA: 21, 31.8%, p < 0.001) and
bladder or bowel dysfunction (SIA: 11, 91.7% vs. SEA: 18, 27.3%, p < 0.001) compared to
the SEA patients.

The most common comorbidities showed only a difference in the distribution of
rheumatic diseases (SIA: 0, 0.0% vs. SEA: 9/25, 36.0%, p = 0.018) and gout (SIA: 0, 0.0% vs.
SEA: 9/21, 42.9%, p = 0.012) between the two groups.

The American Society of Anesthesiologists (ASA) class was significantly higher in
the SIA patients, such as ASA class IV (SIA: 4, 33.3% vs. SEA: 4, 6.1%, p = 0.028), and the
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distribution of the source of infection, such as skin infection (SIA: 1/6, 16.7% vs. SEA:
14/44, 31.8%, p = 0.015) (Table 1).

Table 1. Baseline factors between spinal intra- or epidural abscess.

Variables
SEA

(n = 66)
SIA

(n = 12)
p Value

Demographics
Age, mean ± SD 63 ± 13 59 ± 21 0.739
Male, n (%) 35 (53.0) 6 (50.0) 1.000

Preoperative symptoms
Preoperative MS score, mean ± SD 75 ± 34 20 ± 26 <0.001
Ataxic gait, n (%) 21 (31.8) 12 (100) <0.001
Bladder or bowel dysfunction, n (%) 18 (27.3) 11 (91.7) <0.001

Preoperative infection parameters
CrP level, mg/L, mean ± SD 189 ± 111 159 ± 91 0.406
Leukocyte count/L, mean ± SD 14 + 6 15 ± 4 0.445

ASA class, n (%)
I 3 (4.5) 0 (0.0)

0.028
II 24 (36.4) 2 (16.7)
III 35 (53.0) 6 (50.0)
IV 4 (6.1) 4 (33.3)

Medical history, n (%)

Obesity (BMI > 30 kg/m2) 29 (43.9) 3 (25.0) 0.340
Diabetes mellitus 18 (27.3) 3 (25.0) 1.000
Osteoporosis 19/58 (32.8) 1/11 (9.1) 0.157
Hepatic cirrhosis 7 (10.6) 3 (25.0) 0.178
Dialysis 1 (1.5) 2 (16.7) 0.060
History of malignancy 12 (18.2) 4 (33.3) 0.254
Atrial fibrillation 8 (12.1) 1 (8.3) 1.000
Rheumatic disease or elevated RF 9/25 (36.0) 0 (0.0) 0.018
Immunodeficiency 7 (10.6) 2 (16.7) 0.622
Gout or elevated uric acid 9/21 (42.9) 0 (0.0) 0.012
PAD/CVI 6 (9.1) 0 (0.0) 0.582
History of stent or vascular prosthesis 2 (3.0) 0 (0.0) 1.000
AHVR 2 (3.0) 0 (0.0) 1.000

Localization, n (%)
Cervical 7 (10.6) 1 (8.3)

0.246

Cervicothoracic 5 (7.6) 2 (16.7)
Thoracic 13 (19.7) 5 (41.7)
Thoracolumbar 6 (9.1) 2 (16.7)
Lumbar 25 (37.9) 1 (8.3)
Distributed in the whole spine 10 (15.2) 1 (8.3)

Source of infection, n (%)
Skin infection 14/44 (31.8) 1/6 (16.7)

0.015

Foreign body-associated infection 2/44 (4.5) 0 (0.0)
Following epidural intervention 15/44 (34.1) 2/6 (33.3)
Respiratory tract infection 3/44 (6.8) 0 (0.0)
Urinary tract infection 6/44 (13.6) 0 (0.0)
Gastrointestinal tract infection 0 (0.0) 2/6 (16.7)
Retropharyngeal infection 1/44 (2.3) 0 (0.0)
Odontogenic 3/44 (6.8) 1/6 (16.7)
Unknown 12/66 (18.2) 6/12 (50.0)

SIA: spinal intradural abscess; SEA: spinal epidural abscess; MS: motor score of the American Spinal Injury
Association grading system; SD: standard deviation; CrP: C-reactive protein; ASA: American Society of Anesthesi-
ologists; BMI: body mass index, RF: rheumatoid factors; PAD: peripheral arterial disease; CVI: chronic venous
insufficiency; AHVR: artificial heart valve replacement. Values in bold are significant results (p < 0.05), as indicated
in the methods.
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3.2. Pathogens and Diagnostic Sensetivity

The distribution of pathogens between the two groups was significantly different, such
as for MSSA (SIA: 3/9, 33.3% vs. SEA: 43, 69.4%, p = 0.038) and Streptococci and Enterococci
(SIA: 3/9, 33.3% vs. SEA: 5, 8.1%, p = 0.038).

In SEA, pathogens could always be detected, while no pathogens could be detected in
25.0% of the SIA patients (n = 3). No polymicrobial infections were identified in the SEA
patients, while this was the case in 33.3% of the SIA patients (n = 3, p = 0.003).

The diagnostic sensitivity of the intraoperative specimens was higher in both groups
than that of the blood culture and CT-guided biopsy. The success rate via intraoperative
specimens was significantly higher in SEA than in SIA (SIA: 6/9, 66.7% vs. SEA: 59, 95.2%,
p = 0.024) (Table 2).

Table 2. Pathogens and diagnostic sensitivity of spinal intra- or epidural abscess.

Variables
SEA

(n = 66)
SIA

(n = 12)
p Value

Gram stain, n (%)
Gram-positive bacteria 57 (91.9) 9/9 (100)

1.000Gram-negative bacteria 8 (8.1) 0 (0.0)
Pathogen, n (%)

MSSA 43 (69.4) 3/9 (33.3)

0.038

Streptococcus and Enterococcus spp. 5 (8.1) 3/9 (33.3)
Enterobacterales 4 (6.5) 0 (0.0)
Coagulase-negative Staphylococci 5 (8.1) 0 (0.0)
MRSA 1 (1.6) 1/9 (11.1)
Anaerobic bacteria 3 (4.8) 2/9 (22.2)
Pseudomonas aeruginosa 1 (1.6) 0 (0.0)

Polymicrobial 0 (0.0) 3/9 (33.3) 0.003
Diagnostic sensitivity, n (%)

Blood culture 29 (46.8) 5/9 (55.6) 0.729
Intraoperative specimen 59 (95.2) 6/9 (66.7) 0.024
CT-guided biopsy of psoas abscess 11/19 (57.9) 0/2 (0.0) 0.214

SIA: spinal intradural abscess; SEA: spinal epidural abscess; MMSA: methicillin-sensitive Staphylococcus aureus;
MRSA: methicillin-resistant Staphylococcus aureus; CT: computer tomography. Values in bold are significant results
(p < 0.05), as indicated in the methods.

3.3. Antibiotic Management and Surgical Characteristics

The patients with SIA were treated longer with intravenous antibiotics (SIA: 7 ± 4 w vs.
SEA: 3 ± 2 w, p < 0.001), and they also received prolonged antibiotics overall (SIA: 12 ± 10 w
vs. SEA: 7 ± 3 w, p = 0.022) compared to the SEA patients. The mean postoperative MS
score was lower in the SIA patients than in the SEA patients (SIA: 35 ± 44 vs. SEA: 90 ± 20,
p < 0.001).

Pleural empyema was observed more frequently in the SIA patients than in the SEA
patients (SIA: 7, 58.3% vs. n SEA: 9, 13.6%, p = 0.002). The patients with SIA were more
likely to require more than one surgery compared to the SEA patients (SIA: 4, 33.3% vs.
SEA 9, 13.6%, p = 0.009) (Table 3).

3.4. Disease Course and Complications

The patients with SIA developed more sepsis (SIA: 9, 75.0% vs. SEA: 12, 18.2%,
p < 0.001), septic embolism (SIA: 4, 33.3% vs. SEA: 4/48, 8.3%, p = 0.043), signs of meningism
(SIA: 12, 100% vs. 12/65, 18.5%, p < 0. 001), ventriculitis or cerebral abscess (SIA: 5, 41.7%
vs. SEA: 2, 3.0%, p < 0.001), pneumonia (SIA: 7, 58.3% vs. SEA: 9, 13.6%, p = 0.002), and
disease-related mortality (SIA: 4, 33.3% vs. SEA: 1, 1.5%, p = 0.002).

Furthermore, the patients with SIA spent more time in the hospital (SIA: 58 ± 36
vs. SEA: 26 ± 20, p < 0.001) and in the intensive care unit (SIA: 14 ± 18 vs. SEA: 4 ± 8,
p = 0.002) (Table 4).
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Table 3. Antibiotic management and surgical features of spinal intra- or epidural abscess.

Variables
SEA

(n = 66)
SIA

(n = 12)
p Value

Type of antibiotic strategy, n (%)
EAT 51 (77.3) 10 (83.3)

1.000TAT 15 (22.7) 2 (16.7)
Antibiotic treatment, mean ± SD

Time passed to TAT, D 4 ± 3 6 ± 3 0.366
Duration of intravenous antibiotics, W 3 ± 2 7 ± 4 <0.001
Total duration of antibiotics, W 7 ± 3 12 ± 10 0.022
CrP level, mg/L 27 ± 31 49 ± 61 0.359
Leukocyte count/L 7 ± 3 9 ± 4 0.119

Surgical characteristics
Incidental dural tears, n (%) 7 (10.6) -- --
Time passed to surgery, mean ± SD, D 2 ± 3 2 ± 2 0.864
Postoperative MS score, mean ± SD 90 ± 20 35 ± 44 <0.001
Paravertebral psoas abscess n (%) 33 (50.0) 2 (16.7) 0.056
Pleural empyema, n (%) 9 (13.6) 7 (58.3) 0.002

Number of decompressed levels
I 32 (48.5) 6 (50.0)

0.763
II 21 (31.8) 4 (33.3)
III 6 (9.1) 2 (16.7)
IV 5 (7.6) 0 (0.0)
V 2 (3.0) 0 (0.0)

Number of required surgeries, n (%)
I 57 (86.4) 8 (66.7)

0.009II 8 (12.1) 1 (8.3)
III or more 1 (1.5) 3 (25.0)

SIA: spinal intradural abscess; SEA: spinal epidural abscess; TAT: targeted antibiotic treatment, EAT: empirical
antibiotic treatment; SD: standard deviation; D: days; W: weeks; CrP: C-reactive protein; MS: motor score of the
American Spinal Injury Association grading system. Values in bold are significant results (p < 0.05), as indicated
in the methods.

Table 4. Complications and hospitalization rates between spinal intra- or epidural abscess patients.

Variables
SEA

(n = 66)
SIA

(n = 12)
p Value

Complications, n (%)
Sepsis 12 (18.2) 9 (75.0) <0.001
Septic embolism 4/48 (8.3) 4 (33.3) 0.043
Sign of meningism 12/65 (18.5) 12 (100) <0.001
Infective endocarditis 1/52 (1.9) 0 (0.0) 1.000
Ventriculitis or cerebral abscess 2 (3.0) 5 (41.7) <0.001
Deep wound infection 9 (13.6) 2 (16.7) 0.675
Pneumonia 9 (13.6) 7 (58.3) 0.002
Urinary tract infection 10 (15.2) 4 (33.3) 0.212
Re-Surgery 9 (13.6) 3 (25.0) 0.383
Relapse 4/46 (8.7) 2/8 (25.0) 0.213
Disease-related mortality 1 (1.5) 4 (33.3) 0.002

Hospitalization, mean ± SD, D
Hospital stay 26 ± 20 58 ± 36 <0.001
ICU stay 4 ± 8 14 ± 18 0.002

SIA: spinal intradural abscess; SEA: spinal epidural abscess; SD: standard deviation; D: days; ICU: intensive care
unit. Values in bold are significant results (p < 0.05), as indicated in the methods.

3.5. Course of the Disease within a Group

The mean motor deficits based on the MS score improved in both groups (SIA: from
20 to 35 vs. SEA: from 75 to 90) following surgery. In addition, infection parameters such as
CrP (SIA: from 159 to 49 vs. SEA: from 189 to 27) and leukocyte count (SIA: from 15 to 9 vs.
SEA: from 14 to 7) were reduced at discharge (Figures 4 and 5).
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Figure 4. Clinical course of spinal intradural abscess. This figure shows the course of CrP (C-reactive
protein), leukocyte count, and the MS score for motor deficits (motor score of the American Spinal
Injury Association Grading System) in spinal intradural abscess patients.

Figure 5. Clinical course of spinal epidural abscesses. This figure shows the course of CrP (C-reactive
protein), leukocyte count, and the MS score for motor deficits (motor score of the American Spinal
Injury Association Grading System) in spinal epidural abscess patients.

4. Discussion

The main message of this study and our 20-year experience with SIA and SEA patients
is that SIA is a very severe and rare entity with a distinctly less-favorable disease course in
terms of complications and outcomes, requiring a long, intensive conservative and surgical
treatment.

The baseline demographics of the patients in our study did not differ between the two
groups in terms of age, gender, preoperative infection parameters, and spinal localization
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of the infection. To the best of our knowledge, there are no comparisons in the literature
between the two groups, as SIA being a rare disease [2,13,17,18]. A systematic review
by Arko et al. showed an average age of 57.2 years in 1099 patients with SEA, which
was similar to our SEA patients, with an average age of 59 years [19]. Likewise, a study
by Lenga et al. found an average age of 69.6 years in patients with SIA, which is also
comparable to our average age of SIA patients of 63 years [2]. Presumably, SEA and SIA
are more common in men than in women, which we could not be reproduced in our
study [3,19]. In our study, the patients with SEA mostly presented with infections of the
lumbar spine, which has also been described in the literature [19]. On the contrary, infection
in the thoracic spine was more frequent in the SIA patients in our cohort.

The symptoms on admission, such as new motor deficits based on the MS score, an
ataxic gait, and bladder or bowel dysfunction, were worse in the SIA patients compared
with the SEA patients in our study, although both groups showed significant improvement
at discharge after medical and surgical treatment [2,18,20,21]. This study demonstrates the
severity of SIA and the importance of surgical and medical treatment for SIA patients.

Remarkably, the SEA patients had more rheumatic diseases and gout as a concomitant
disease. The extent to which these two diseases have an influence on the development of
SEA needs to be investigated in a prospective study. Intravenous drug abuse is suggested
to be an associated risk factor, and diabetes is the most commonly associated medical
comorbidity in SEA patients [19]. In our study, we found that obesity (BMI > 30 kg/m2),
diabetes mellitus, osteoporosis, rheumatic diseases, and gout were frequent in the SEA
patients, whereas malignancy, liver cirrhosis, diabetes, and obesity were common in the
SIA patients. The poorer ASA class in the SIA patients compared to the SEA patients also
reflected the severity of the diseases and sequelae.

The primary source of infection in our cohort was different for both entities, with the
most common reason being due to epidural intervention followed by skin infection. These
two causes have also been identified in the literature as the most common primary sources
of infection [3,13,17,18,20,22]. The finding of the primary source of infection is essential in
the management of both diseases. We were only able to detect the primary nidus in 50% of
the patients with SIA, whereas we identified the primary infectious source in 82% of the
SEA patients.

In order to successfully treat a bacterial infection, pathogen isolation is absolutely cru-
cial. In our SEA patients, as known in the literature, MSSA was the most common pathogen,
followed by Streptococci and Enterococci and coagulase-negative Staphylococci [13,19]. The
patients with SIA in our cohort showed a diverse distribution of pathogens, such that 33%
of the patients had polymicrobial infections, 33% had MSSA, and 33% had Streptococci and
Enterococci. Lenga et al. pointed out that MSSA is the most common pathogen in SIA [2].

Open surgery specimens showed the best diagnostic sensitivity for both entities, with
SIA patients having a poorer sensitivity. Nevertheless, the collection of blood cultures plays
a greater role in pathogen isolation due to its natural non-invasiveness [23].

In our cohort, most of the patients with both entities were treated with the EAT
strategy, and it took on average 4–6 days to switch to TAT. Overall, the antibiotic treatment
was effective, and both groups showed a decrease in the infection parameters (CrP and
leukocyte count) at discharge. The duration of intravenous antibiotic therapy and the total
duration of antibiotic therapy were significantly longer in SIA, which is consistent with
our algorithm.

Pleural abscesses were more common in our SIA patients than in our SEA patients,
whereas the rate of paravertebral psoas abscesses was equal in both groups, indicating the
frequent thoracic localization and systematic infection of the SIA patients. On average, the
patients were admitted within 2 days of admission. This slight delay is probably due to
the extensive diagnostics that these patients needed. An incidental durotomy occurred
intraoperatively in approximately 10% of the SEA patients in our cohort. However, the
rates of incisional durotomies in lumbar spine surgeries is reported in the literature to be
between 1 and 17% [24]. Most of the patients with SEA and SIA were treated equally with
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one or two levels of spinal decompression and abscess evacuation, with the SIA patients
more often requiring more than one surgery on average.

In contrast to our expectations, the occurrence of IE in both entities seemed to be a
rarity, whereas PSI patients, such as those with spondylodiscitis with MSSA as a pathogen,
showed a higher occurrence of IE in the literature [13,25–27]. All the SIA patients underwent
TTE followed by TEE without finding vegetations confirming IE, although some of these
patients had septic emboli, brain abscesses, and ventriculitis with proven bacteremia. The
largest study of patients with SIA provided no insights into endocarditis as a possible
complication or cause in its results [2]. This finding should be investigated in a larger
prospective multicenter study. SEA often results from local infection following spinal
infiltration or epidural analgesia via a catheter; therefore, IE is less likely.

Both groups showed a recurrence rate of 8–25%, with no significant difference. There
were no significant differences in the rates of deep wound infections, between 14–17%,
in both groups. Urinary tract infections occurred more frequently in the SIA patients
without being significant. The patients with SIA in our cohort developed more sepsis,
septic embolism, signs of meningism, ventriculitis or cerebral abscess, and pneumonia.
These complications demonstrate the severity of SIA and the difficulties of its management,
which requires multidisciplinary assessments.

Disease-related mortality in SEA patients is reported in the literature to be between
1.3% and 31%; however, in our cohort, it was 1.5% [13,28]. Indeed, SIA is associated with
high morbidity and mortality rates of up to 45%, which is also similar to our disease-related
mortality rate of 33% in our SIA patients [29–31]. Furthermore, we observed in our cohort
that the patients with SIA spent more time in the hospital and in the intensive care unit
compared to the SEA patients.

Limitations and Strengths of This Study

Our study is limited by its retrospective design and a possible bias in the selection of
the more severe cases due to the high degree of specialization at our university center. In
addition, some of the patients were primarily pre-treated in another hospital and transferred
to us secondarily following a clinical deterioration. Furthermore, the generalizability of
our observations is limited by the monocentric design of our study. The number of SIA
patients treated was limited, with only 12 patients. Nevertheless, our data are based
on detailed state-of-the-art clinical, imaging, and microbiological diagnostics with high
internal validities. To validate and confirm our results, a large multicenter study with a
larger number of SIA patients is needed.

5. Conclusions

Our 20-year experience and cohort analysis of the diagnostics and clinical manage-
ment of SIA and SEA shows that both entities display different clinical phenotypes and
outcomes. The patients with SIA had poorer symptoms on admission, higher ASA classes,
different primary sources of infection, distinct causative pathogens, and more frequent
pleural empyema.

The patients with SIA were more likely to develop sepsis, septic embolism, signs of
meningism, ventriculitis or brain abscesses, and pneumonia. Intraoperative sampling has
the best diagnostic sensitivity for both entities.

In addition, disease-related mortality was very high in the SIA patients, and these pa-
tients required more frequent surgeries, longer durations of intravenous antibiotic therapy,
and longer overall durations of antibiotic therapy, as well as prolonged hospital stays and
ICU stays.
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Abstract: (1) Background: There is a marked proportion of spondylodiscitis patients who die during
the early stage of the disease despite the applied therapy. This study investigates this early mortality
and explores the associated risk factors. (2) Methods: We conducted a retrospective analysis of
spondylodiscitis patients treated at our Level I spine center between 1 January 2018 and 31 December
2022. (3) Results: Among 430 patients, 32 (7.4%) died during their hospital stay, with a median
time of 28.5 days (range: 2.0–84.0 days). Six of these patients (18.75%) did not undergo surgery
due to dire clinical conditions or death prior to scheduled surgery. Identified causes of in-hospital
death included multiorgan failure (n = 15), acute bone marrow failure (2), cardiac failure (4), liver
failure (2), acute respiratory failure (2), acute renal failure (1), and concomitant oncological disease
(1). In a simple logistic regression analysis, advanced age (p = 0.0006), diabetes mellitus (p = 0.0002),
previous steroid medication (p = 0.0279), Charlson Comorbidity Index (p < 0.0001), and GFR level at
admission (p = 0.0008) were significant risk factors for in-hospital death. In a multiple logistic
regression analysis, advanced age (p = 0.0038), diabetes mellitus (p = 0.0002), and previous steroid
medication (p = 0.0281) remained significant. (4) Conclusions: Despite immediate treatment, a subset
of spondylodiscitis patients experience early mortality. Particular attention should be given to elderly
patients and those with diabetes or a history of steroid medication, as they face an elevated risk of a
rapidly progressing and fatal disease.

Keywords: in-hospital death spondylodiscitis; vertebral osteomyelitis; spondylodiscitis; spinal infection

1. Introduction

Spondylodiscitis—the infection of the intervertebral disc and the adjacent vertebral
bodies—is an infectious disease associated with high morbidity and mortality [1]. It
primarily affects patients aged 70 years or older [1]. Men are 1.5 times more likely to be
affected than women [1]. The incidence of spondylodiscitis is on the rise in Europe as
well as in the United States, leading to a high socioeconomic burden [1–3]. Notably, in
Germany, the incidence rose from 10.4 per 100,000 inhabitants in 2010 to 14.4 per 100,000
in 2020 [1]. In the United States, the incidence increased from 2.9 per 100,000 in 1998
to 5.4 per 100,000 in 2013 [2]. This trend can be attributed to the shifting demographic
landscape, encompassing an aging population [4], and to an increase in multimorbid and
immunocompromised patients [5,6]. Additionally, better diagnostic techniques and broader
access to these diagnostic modalities have also contributed to the enhanced detection of
spondylodiscitis cases [7]. Spondylodiscitis may arise through different mechanisms,
including hematogenous spread from a distant focus of infection, dissemination from
nearby tissue, or direct inoculation [8]. When spondylodiscitis is caused by hematogenous
spread, it predominantly affects the lumbar spine (58%), followed by the thoracic (30%)
and cervical spine (11%) [9]. In cases of hematogenous spread, the infection can extend
beyond the bony structures and affect the surrounding tissue. In contrast, spondylodiscitis
originating from dissemination from contiguous tissues is rare and is typically associated
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with adjacent infections such as esophageal fistula [10]. The mode of direct external
inoculation is primarily iatrogenic, often arising from infiltrations or prior surgeries [11].
Although diagnostic and therapeutic guidelines have been established to optimize the
management of patients with spondylodiscitis [12,13], delay of diagnosis due to the lack of
specific symptoms is still a relevant problem [8]. Additionally, therapy for spondylodiscitis
is not standardized and differs locally. The duration and method of antibiotic treatment, as
well as the effectiveness of conservative versus surgical treatment, are still matters of debate.
While numerous studies report favorable outcomes with low relapse and therapy failure
rates [14], there is still a marked proportion of patients who die during the early stage of
the disease despite adequate therapy [15]. Older age, diabetes, hemodialysis, endocarditis,
malignant diseases, and liver cirrhosis have been identified as risk factors for the death
of patients with spondylodiscitis [16]. However, the literature data on these severe cases
are sparse. Understanding the present epidemiology and clinical characteristics of these
severe cases is of utmost importance to ensure effective treatment. This study’s aim was to
describe the clinical data of patients with spondylodiscitis-related early mortality and to
identify the associated risk factors.

2. Materials and Methods

2.1. Population

We conducted a retrospective study comprising consecutive patients treated for
spondylodiscitis of the cervical, thoracic, or lumbosacral spine at a high-volume Level I
surgical spine center between 1 January 2018 and 31 December 2022. Patients aged 18 years
or older were included. Spondylodiscitis cases were retrieved from the hospital’s database
by screening for the International Classification of Diseases, Tenth Revision (ICD-10) code
for spondylodiscitis. Patients’ records, imaging data, laboratory and microbiological results,
and surgical reports were analyzed. The following variables were extracted: age, sex, body
mass index (BMI), American Association of Anesthesiologists (ASA) risk classification
score, substance abuse, previous steroid medication, comorbidities, (previous or current)
malignant disease, hepatopathy, diabetes mellitus, Charlson Comorbidity Index (CCI), C-
reactive protein (CRP) level, neurologic status at admission and discharge, infective focus,
bacteria cultivated, surgical strategy, and complications. The primary outcome measured
was in-hospital mortality. Patients were divided into those with early mortality, i.e., who
died during the same hospital stay, and those who survived the hospital stay. Patients who
died after discharge from the hospital were excluded.

2.2. Diagnostics and Treatment

The diagnosis of spondylodiscitis was established based on the typical clinical presen-
tation of the patients, along with the characteristic radiological features, and confirmed by
positive pathogen detection in blood cultures or through CT-guided tissue biopsy. Culture-
negative, mycobacterial, or fungal cases were also included in our analysis. The date of the
hospitalization was assigned as the date of the diagnosis.

Magnetic resonance imaging (MRI) scans of the whole spine were performed in all
patients. Computer tomography (CT) and/or positron emission tomography (PET) were
performed if the MRI results were not conclusive enough or in patients who were not able
to undergo MRI.

Septic condition at admission was defined by fulfilling at least two Systemic In-
flammatory Response Syndrome (SIRS) criteria: body temperature over 38 or under
36 degrees Celsius; heart rate greater than 90 beats/minute; respiratory rate greater
than 20 breaths/minute or partial pressure of CO2 less than 32 mmHg; and leucocyte
count >12,000/mm3 or <4000/mm3, or >10% bands.

In almost all cases, surgical therapy was performed except for severely affected pa-
tients with very high perioperative risks or patients who died prior to surgery. Surgery
typically involved dorsal fixation with pedicle screws and decompression of the infected
intervertebral disc space from the dorsal or ventral/lateral approach, followed by fusion
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using a cage, and local antibiotic application. Empirical antibiotic therapy, usually consist-
ing of a combination of vancomycin and meropenem, was initiated promptly after biopsy
collection or, in cases of severely affected patients with elevated inflammation markers,
after the collection of blood cultures. Subsequently, antibiotic therapy was tailored to the
specific spectrum of identified pathogens. All patients received a minimum of two weeks
of intravenous antibiotic therapy, followed by a long-term oral regimen to complete a total
of 12 weeks of antibiotic treatment.

2.3. Statistics

Simple logistic regression and multiple logistic regression analysis were used to
identify risk factors for in-hospital mortality. A paired t-test (for continuous variables),
Fisher’s exact test (for categorical variables), and chi-square test (for categorical variables)
were used to compare the clinical data of patients who died during the same hospital stay
and of those who survived. Statistical analysis was performed with GraphPad Prism 10.0.2
(Boston, MA, USA).

3. Results

3.1. Demographic Background

Over the course of a five-year study period, we enrolled 430 patients with a median age
of 72 years (ranging from 30 to 94 years) in our research cohort. Among these participants,
271 (63.0%) were male and 159 (37.0%) were female (Table 1). In total, 32 (7.4%) patients
died during the same hospital stay (early mortality group) after a median time of 28.5 days
(2.0–84.0 days), while 14 (3.3%) died after being discharged from hospital after a median
time of 313 days (54–990 days). These 14 patients were subsequently excluded from further
analysis. Consequently, 384 patients (98.3%) successfully survived throughout the study
period, with a median follow-up duration of 86 days (ranging from 20 to 1232 days). The
median hospital stay for surviving patients was 14 days (2–110 days). This was primarily
determined by the duration of intravenous antibiotics.

Notably, the patients in the early mortality group were significantly older than those
who survived (p = 0.0018) (Table 1). Furthermore, there were significant disparities in the
American Association of Anesthesiologists (ASA) risk classification scores between the two
groups (p < 0.0001). Specifically, patients in the early mortality group were more likely to
have a more severe ASA score (IV and V) compared to their counterparts who survived.
Additionally, the early mortality group exhibited a notably higher Charlson Comorbidity
Index (CCI) compared to those who survived (p < 0.0001).

While both groups were comparable regarding body mass index (BMI), alcohol abuse,
IV drug abuse, hepatopathy, and history of malignant diseases, the proportion of patients
on steroid medication (p = 0.0242) and with diabetes mellitus (p = 0.0004) was significantly
higher in the early mortality group (Table 1).

3.2. Characterization of Spondylodiscitis

In most instances, spondylodiscitis was acquired endogenously, indicating that it
occurred without any prior spinal surgery on the same spinal level (Table 2). For both
groups, the lumbosacral region emerged as the predominant site for spondylodiscitis
(Figure 1A,B). However, it is noteworthy that 25.0% of patients who experienced early mor-
tality had multifocal spondylodiscitis, whereas this occurred in only 11.7% of patients who
survived (p = 0.0477). Among the surviving patients, there was a trend, albeit statistically
non-significant, towards less frequent occurrences of epidural empyema and paravertebral
abscess compared to patients with early mortality (Table 2).
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Table 1. Demographic overview. Shows a comparison of the patients’ baseline characteristics.
ASA = American Association of Anesthesiologists, BMI = body mass index, CCI = Charlson Comor-
bidity Index. A paired t-test (for continuous variables) and Fisher’s exact test/chi-square test (for
categorical variables) were used.

All
N (%)

Surviving (S)
N (%)

In-Hospital Mortality (M)
N (%)

p-Value
(S vs. M)

Total 430 384 32

Age (y)

0.0018
Median 72.0 70.5 76.5

Min. 30.0 30.0 62.0
Max. 94.0 94.0 91.0

Sex
n.s.Male 271 (63.02) 238 (61.98) 24 (75.00)

Female 159 (36.98) 146 (38.02) 8 (25.00)

BMI (kg/m2)
n.s.Mean 26.7 26.9 26.8

STD 6.4 6.1 4.7

ASA

n.a.

I 8 (1.86) 8 (2.08) 0 (0.00)
II 117 (27.21) 111 (28.91) 4 (12.50)
III 259 (60.23) 232 (60.42) 16 (50.00)
IV 41 (9.53) 32 (8.33) 8 (25.00)
V 5 (1.16) 1 (0.26) 4 (12.50)

ASA
<0.0001I–III 384 (89.30) 351(91.40) 20 (62.50)

IV–V 46 (10.70) 33 (8.60) 12 (37.50)

CCI

<0.0001
Median 4.0 4.0 6.5

Min. 0.0 0.0 3.0
Max. 12.0 12.0 12.0

Alcohol
abuse n.s.

Present 24 (5.58) 22 (5.73) 2 (6.25)
Absent 406 (94.42) 362 (94.27) 30 (93.75)

Drugs IV
n.s.Present 18 (4.19) 18 (4.69) 0 (0.00)

Absent 412 (95.81) 366 (95.31) 32 (100.00)

Diabetes
mellitus 0.0004
Present 125 (29.07) 103 (26.82) 19 (59.38)
Absent 305 (70.93) 281 (73.18) 13 (40.62)

Hepatopathy
n.s.Present 46 (10.70) 39 (10.16) 4 (12.50)

Absent 384 (89.30) 345 (89.84) 28 (87.50)

Steroids
0.0242Present 23 (5.35) 18 (4.69) 5 (15.62)

Absent 407 (94.65) 366 (95.31) 27 (84.38)

Malignant
disease n.s.
Present 56 (13.02) 46 (11.98) 5 (15.62)
Absent 374 (86.98) 338 (88.02) 27 (84.38)

n.s. = non significant; n.a. = not applicable.
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Table 2. Details of spondylodiscitis. Compares the details of spondylodiscitis between the differ-
ent groups. Secondarily acquired was defined as prior spinal surgery on the same spinal level.
CRP = C-reactive protein. A paired t-test (for continuous variables) and Fisher’s exact test/chi-square
test (for categorical variables) were used.

All
N (%)

Surviving (S)
N (%)

In-Hospital Mortality (M)
N (%)

p-Value
(S vs. M)

Total 430 384 32

Etiology
0.0058Endogenously 318 (73.95) 278 (72.40) 30 (93.75)

Secondarily 112 (26.05) 106 (27.60) 2 (6.25)

Localization

n.a.
Cervical 47 (10.93) 43 (11.20) 3 (9.38)
Thoracic 68 (15.81) 61 (15.89) 5 (15.63)

Lumbosacral 260 (60.47) 235 (61.20) 16 (50.00)
Multifocal 55 (12.79) 45 (11.72) 8 (25.00)

Unifocal 375 (87.21) 339 (88.28) 24 (75.00)
0.0477Multifocal 55 (12.79) 45 (11.72) 8 (25.00)

Epidural
empyema n.s.

Present 200 (46.51) 177 (46.09) 16 (50.00)
Absent 230 (53.49) 207 (53.91) 16 (50.00)

Paravertebral
abscess n.s.
Present 161 (37.44) 141 (36.72) 16 (50.00)
Absent 269 (62.56) 243 (63.82) 16 (50.00)

CRP
(mg/dL)

0.0437Median 8.1 7.5 12.2
Min. 0.1 0.1 1.6
Max. 50.4 50.4 41.2

Treated
surgically 0.0003

Yes 415 (96.51) 376 (97.92) 26 (81.25)
No 15 (3.49) 8 (2.08) 6 (18.75)

n.s. = non significant; n.a. = not applicable.

C-reactive protein (CRP) level at admission was significantly higher for patients who
died during the same hospital stay.

Interestingly, only five (15.6%) patients experiencing early mortality were admitted
in a clinically compromised state necessitating intensive care therapy. The vast majority
(84.4%) initially presented in a stable general condition but experienced rapid deterioration
during their hospitalization. Of the surviving patients, 20.8% had sepsis at admission and
10.2% suffered from sepsis-induced hepatopathy. Of patients with in-hospital mortality,
50.0% had sepsis when admitted to hospital and 12.5% suffered from hepatopathy. While
almost all surviving patients were treated surgically, 18.8% of patients in the early mortality
group did not receive surgical treatment due to their swift deterioration and death before
scheduled surgery.

Table 3 provides an overview of patients’ neurological status at admission. Patients
with early mortality were more likely to exhibit significant motor deficits (as indicated by
a Medical Research Council Scale for Muscle Strength score of 3 or less) (p = 0.0064) or
bowel/bladder dysfunction (p = 0.0054) compared to those who survived.
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(A) 

(B) 

Figure 1. (A): Localization of spondylodiscitis in the survivor group. Cervical: n = 43; thoracic:
n = 61; lumbosacral: n = 235; multifocal: n = 45. (B): Localization of spondylodiscitis in early mortality
group. Cervical: n = 3; thoracic: n = 5; lumbosacral: n = 16; multifocal: n = 8.

3.3. Focus of Spondylodiscitis and Microbiology

Among patients in the early mortality group, the most prevalent sources of infection
were joint empyema (21.9%), urosepsis (18.8%), and leg ulcers (15.6%), respectively (Table 4).
In contrast, for surviving patients, the primary source of infection was prior spinal surgery

49



J. Clin. Med. 2023, 12, 7228

(29.4%) (Table 5). Notably, 4 out of 32 patients (12.5%) in the early mortality group were
afflicted with endocarditis (Table 4), in comparison to 19 out of 384 surviving patients
(4.9%), although this difference was not statistically significant. Patients with endocarditis
in the early mortality group exhibited a significantly worse ASA score than those without
endocarditis in the same group (p = 0.0138).

Table 3. Neurological examination. Shows the neurological status at admission to the hospital
indicated by muscle strength grades according to the Medical Research Council (MRC) scale, with 0
representing the worst and 5 the best muscle strength grade. Fisher’s exact test was used.

Surviving (S)
N (%)

In-Hospital Mortality (M)
N (%)

p-Value
(S vs. M)

Total 384 32

MRC

n.a.

5 250 (65.10) 15 (46.88)
4 60 (15.63) 2 (6.25)
3 22 (5.73) 2 (6.25)
2 16 (4.17) 6 (18.75)
1 12 (3.13) 1 (3.13)
0 20 (5.21) 3 (9.38)

n.a. 4 (1.04) 3 (9.38)

MRC

0.0064
5–4 310 (80.73) 17 (53.12)
3–0 70 (18.23) 12 (37.50)
n.a. 4 (1.04) 3 (9.38)

Bladder/bowel
dysfunction

0.0054Yes 51 (13.28) 9 (28.13)
No 331 (86.20) 16 (50.00)
n.a. 2 (0.52) 7 (21.88)

n.a. = not applicable.

Table 4. Infective focus of the early mortality group. Depicts the infective focus of patients in the
early mortality group. In six cases, more than one focus was found.

Infective Focus
N (%)

32

Joint empyema 7 (21.9)

Urogenital tract 6 (18.8)

Leg ulcers 5 (15.6)

Endocarditis 4 (12.5)

Prior spinal surgery 2 (6.3)

Pulmonal 2 (6.3)

Catheter-associated 2 (6.3)

Teeth 1 (3.1)

Ears–Nose–Throat 1 (3.1)

Not found 7 (21.9)
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Table 5. Infective focus of the survivor group. Shows the infective focus of patients in the survivor
group. In 36 cases, more than one focus was found.

Infective Focus
N (%)

384

Prior spinal surgery 113 (29.4)

Joint empyema 38 (9.9)

Urogenital tract 37 (9.6)

Teeth 36 (9.4)

Leg ulcers 29 (7.6)

Endocarditis 19 (4.9)

Prior spinal infiltration 16 (4.2)

Pulmonal 11 (2.9)

Catheter-associated 10 (2.6)

Ears–Nose–Throat 10 (2.6)

Peritonitis 3 (0.8)

Hepatic abscess 1 (0.3)

Cholangitis 1 (0.3)

Infected aortic prosthesis 1 (0.3)

Not found 95 (24.7)

Bacterial cultures of infected disc tissue were successfully obtained in 78.9% of surviv-
ing patients and 81.3% of patients with early mortality, respectively. In both groups, the
most frequently isolated pathogen was Staphylococcus aureus, followed by Staphylococcus
epidermidis and Cutibacterium acnes (Figure 2A,B). Mycobacterium tuberculosis was found in
three cases (0.8%) among surviving patients and in none of the patients with early mortality.
A fungal infection with Candida albicans was detected in three cases (0.8%) among the
surviving patients, whereas in patients with early mortality, it was observed in one case
(3.1%).

3.4. In-Hospital Mortality: Causes and Risk Factors

The overall in-hospital mortality rate was 7.4%, comprising 32 out of 430 patients.
The documented causes of in-hospital mortality were multiorgan failure (n = 15), acute
bone marrow failure (n = 2), cardiac failure (n = 4), cirrhosis-related liver failure (n = 2),
acute respiratory failure (n = 2), acute renal failure (n = 1), and the presence of concomi-
tant oncological disease (n = 1). In five cases, a single specific cause of death could not
be identified.

In a simple logistic regression analysis, advanced age (p = 0.0006), diabetes mellitus
(p = 0.0002), previous steroid medication (p = 0.0279), Charlson Comorbidity Index (CCI)
(p < 0.0001), and glomerular filtration rate (GFR) level at admission (p = 0.0008) were
significant risk factors for in-hospital death (Supplementary Table S1). However, variables
such as BMI, CRP level at admission, history of malignant disease, alcohol abuse, hepatopa-
thy, endocarditis, paraspinal abscess, and intraspinal empyema did not reach statistical
significance. A multiple logistic regression analysis identified advanced age (p = 0.0038),
diabetes mellitus (p = 0.0002), and previous steroid medication (p = 0.0281) as significant
risk factors for in-hospital death (Supplementary Table S2).

51



J. Clin. Med. 2023, 12, 7228

(A) 

(B) 

Figure 2. (A). Microbiological results of the early mortality group. (A) shows the results of microbi-
ological cultivation (blood cultures and tissue) in the early mortality group. E. = Eschericha; Staph. =
Staphylococcus; Strept. = Streptococcus. (B). Microbiological results of the survivor group. (B) shows the
results of microbiological cultivation (blood cultures and tissue) in the survivor group. For the sake of
clarity, bacteria that were detected fewer than 5 times were grouped under the category “Other”. E. =
Eschericha; Staph. = Staphylococcus; Strept. = Streptococcus.

4. Discussion

This study aimed to investigate the rate of in-hospital mortality in patients with
spondylodiscitis and explore its associated risk factors.

Over the five-year study period, the in-hospital mortality rate was 7.4% (32 out of
430). This rate is consistent with findings from a large-scale Japanese study (6%) [16] and
a smaller study conducted in the United Kingdom (7%) [17]. However, recent German
studies reported even higher in-hospital mortality rates ranging from 10 to 14% [15,18–20].
This persistently high mortality underscores that spondylodiscitis remains a potentially
life-threatening disease, despite advancements in diagnostic and treatment approaches.
It should be recognized and treated not merely as a localized infection of bones and
intervertebral discs but also as a systemic disease. As a result, the primary treatment
objectives must focus on managing the infection by addressing the underlying systemic
condition and eliminating the source of infection. Antibiotic therapy should be tailored
to the results of microbiological cultivation. In our study, the majority of patients were
treated surgically. Conservative treatment options can effectively manage many cases;
however, they may not always be sufficient. In general, surgical intervention should be
considered when conservative treatment proves ineffective and when symptoms or imaging
results indicate disease progression [8]. Immediate surgical intervention is essential when
patients present with neurologic impairments, septic disease progression, or progressive
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deformity [21]. We and many other centers are opting for early surgery including cases
without neurologic impairments or deformity as complications arising from immobilization
and ongoing infection can be particularly severe in today’s older and comorbid population.
Moreover, during the early stages of the infection, minimally invasive procedures reducing
surgical trauma, intraoperative blood loss, and postoperative complications [22] may still
be viable, while extensive strategies are required at later stages with significant bony
destruction and deformity.

Our data revealed that patients with early mortality often presented with a more
extensive infection, characterized by a higher prevalence of paravertebral manifestations,
neurological deficits, and septic condition. Interestingly, only a small percentage of patients
with early mortality were admitted in an unstable general condition necessitating intensive
care therapy. This suggests that clinical deterioration may occur later in the disease course
in a certain subset of patients, emphasizing the importance of identifying risk factors for
rapid deterioration at an early stage of the disease.

For patients with early mortality, the most prevalent sources of infection were joint
empyema (21.9%), urosepsis (18.8%), and leg ulcers (15.6%), while for surviving patients,
the primary source of infection was a prior spinal surgery (29.4%). These data are in line
with results from Lener et al. [23]: they reported that deceased patients were more frequently
affected by primary acquired spondylodiscitis compared to surviving patients. In a large-
scale nationwide study of 10,695 spondylodiscitis patients, Kim et al. [24] documented the
most frequent concurrent infections as urinary tract infections (11.3%), intra-abdominal
infections (9.4%), pneumonia (8.5%), and septic arthritis (4.6%). Moreover, they found that
patients with concurrent infection had a four-fold higher mortality than those without.
Kim et al. registered concurrent infections, whereas we identified the infective focus of
spondylodiscitis. This explains why typical hospital-acquired infections were numerically
predominant in the study by Kim et al. On the other hand, in some infections, such as
endocarditis or joint empyema, retrospectively, it will never be possible to distinguish
whether they are the infective focus of spondylodiscitis or concurrent infections. However,
for clinical practice, this distinction is not relevant, as the treatment does not differ. In both
cases, the infection must be addressed.

Known risk factors for the development of spondylodiscitis in general include ad-
vanced age, obesity, diabetes mellitus, substance abuse, immunodeficiency, and long-term
steroid medication [8]. The present study identified advanced age, diabetes mellitus, pre-
vious steroid medication, higher CCI, and lower glomerular filtration rate (GFR) level
at admission as significant risk factors for in-hospital death from spondylodiscitis. A re-
cent German study reported increasing age, elevated creatinine and CRP levels, and the
presence of rheumatoid arthritis as significant risk factors for in-hospital mortality from
spondylodiscitis [15], whereas in the present study, CRP level at admission did not reach
statistical significance. Additionally, unlike a study from Ohio that identified epidural
empyema, neurologic deficits, in-hospital acquisition, and time to diagnosis as risk factors
for an adverse outcome [25], our study did not find epidural empyema to be a significant
factor. Contrary to findings from a Japanese study [16], in the present study, a history of
malignant disease, hepatopathy, and endocarditis were not associated with an elevated risk
for in-hospital death from spondylodiscitis.

Interestingly, the bacterial spectrum did not differ between patients with early mor-
tality and surviving patients. For both groups, the most frequently detected bacterium
was Staphylococcus aureus, which is the most common pathogen for spondylodiscitis in
Europe [26–28]. Other studies have reported increased mortality, complication rates,
and treatment failure rates for spondylodiscitis patients with Staphylococcus aureus bac-
teremia [15,20,28,29].

Our study has several limitations. First, being retrospective, it relies on historical data,
which may not be as comprehensive as those provided by prospective trials, particularly
regarding comorbidities, prior medication, and prior clinical course before admission to
hospital. Second, group sizes differed significantly, a fact that is inherent to the nature of
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the matter and cannot be overcome. Third, the follow-up period for surviving patients
was not standardized. However, the primary outcome was in-hospital death compared to
patients who survived this period, not long-term outcomes. Additionally, some potentially
predictive factors were not considered in our analysis, either due to their perceived lack of
relevance or unavailability in a retrospective setting.

However, it is important to note that one of the study’s strengths lies in its substantial
sample size, encompassing consecutive patients treated at a single specialized center known
for its high treatment standards, over an extended five-year period.

5. Conclusions

The present study demonstrates that even if admitted in a moderate clinical condition
and if maximum medical treatment is applied immediately, a certain proportion of patients
with spondylodiscitis die during their hospital stay. Special attention should be paid to
elderly patients and to patients with diabetes or steroid medication who harbor an elevated
risk for a fulminant disease with fatal consequences.
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Abstract: Background: Various treatment modalities are available for local antibiotic therapy in
spondylodiscitis (SD) and isolated spinal epidural empyema (ISEE), but there is no evidence-based
recommendation. Postoperative epidural suction–irrigation drainage (ESID) is thought to reduce
bacterial load, which may prevent the development of relapse, wound healing, hematogenous
spread, and systemic complications. We evaluated the efficacy of postoperative ESID over 20 years
on disease progression and outcome in SD and ISEE. Methods: Detailed demographic, clinical,
imaging, laboratory, and microbiological characteristics were examined in our cohorts of 208 SD
and ISEE patients treated with and without ESID at a university spine center in Germany between
2002 and 2022. Between-group comparisons were performed to identify meaningful differences for
the procedure. Results: We included data from 208 patients (142 SD, 68.3% vs. 66 ISEE, 31.7%) of
whom 146 were ESID patients (87 SD, 59.6% vs. 59 ISEE, 40.4%) and 62 were NON-ESID patients
(55 SD, 88.7% vs. 7 ISEE, 11.3%). ESID patients with SD showed more frequent SSI (ESID: 22, 25.3%
vs. NON-ESID: 3, 5.5%, p = 0.003), reoperations due to empyema persistence or instability (ESID: 37,
42.5% vs. NON-ESID: 12, 21.8%, p = 0.012), and a higher relapse rate (ESID: 21, 37.5% vs. NON-ESID:
6, 16.7%, p = 0.037) than NON-ESID patients with SD. The success rate in NON-ESID patients with
SD was higher than in ESID patients with SD (ESID: 26, 29.9% vs. NON-ESID: 36, 65.6%, p < 0.001).
Multivariate binary logistic regression analysis showed that ESID therapy (p < 0.001; OR: 0.201; 95%
CI: 0.089–0.451) was a significant independent risk factor for treatment failure in patients with SD.
Conclusions: Our retrospective cohort study with more than 20 years of experience in ESID technique
shows a negative effect in patients with SD in terms of surgical site infections and relapse rate.

Keywords: spondylodiscitis; isolated spinal epidural empyema; epidural suction–irrigation drainage;
surgical site infection; complications; relapse
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1. Introduction

Successful treatment of primary spinal infections (PSI), including spondylodiscitis (SD)
and isolated spinal epidural empyema (ISEE), is a clinical challenge and can be addressed
with a variety of surgical techniques [1]. Once the pathogen is identified, the focus is on
systematic therapy, whereby the use of local antibiotic irrigation during and after surgery
is an important adjunctive treatment [2]. The primary purpose of local antibiotic irrigation
is to reduce the bacterial load, which may prevent the development of recurrence, wound
healing, hematogenous spread, and systemic complications by shortening the duration of
antibiotic therapy [2].

Several techniques for local antibiotic irrigation have been reported, but none of them
has yet gained acceptance. Some authors reported on a small number of patients with
continuous or onetime epidural irrigation and drainage as an effective method to reduce the
residual infection and the risk of nosocomial complication [3–5]. Other authors proposed
CT-guided percutaneous needle drainage with irrigation showing its efficacy in ISEE [6].
The endoscopic application in this setting has increased recently, with many authors
reporting posterolateral endoscopic debridement followed by percutaneous drainage for
irrigation [7,8].

One disadvantage of local antibiotic therapy using collagen carriers or antibiotic
irrigation is increased seroma formation [9,10]. Löhr et al. reported an increased risk of
epidural fluid stasis following the use of postoperative suction–irrigation drainage with no
beneficial effects on outcome [11]. It is not known whether local antibiotic irrigation after
surgical debridement promotes fusion [2].

Postoperative epidural suction–irrigation drainage (ESID) has been reported to have
potential advantages and disadvantages; however, previous studies did not examine the
short- and long-term outcome of ESID on SD and ISEE. The purpose of this study was to
determine the efficacy of postoperative ESID on disease course and outcome on SD and
ISEE, and to identify the benefits and drawbacks of this technique.

2. Materials and Methods

2.1. Study Design and Patient Data
2.1.1. Study Design

Retrospective data from 208 patients with SD and ISEE managed with ESID or NON-
ESID were analyzed. Consecutive patients with PSI who underwent surgery at our neuro-
surgical university spine center in Dresden, Germany, between 2002 and 2022 were included.
Patients with early or late postoperative secondary spinal infections, patients with intradu-
ral infections (subdural abscess or spinal cord abscess) on admission, or patients with only
conservative treatment were excluded from this study.

2.1.2. Institutional Review Board and Electronic Patient Data Software

The study was approved by the local ethics committee of the Medical Faculty of the
TU Dresden and University Hospital Carl Gustav, Dresden (Ref: BO-EK-17012022). Data
on patients were identified via the ORBIS system (ORBIS, Dedalus, Bonn, Germany) and
imaging files via the IMPAX system (IMPAX, Impax Asset Management Group plc, London,
UK).

2.1.3. Patient Data

Electronic medical records were pseudonymized and first divided into two groups—
ISEE or SD—according to the type of infection. In addition, we examined the SD and ISEE
groups to determine whether patients were treated with ESID or not (NON-ESID). Thereby,
we formed 4 groups.

Baseline data were analyzed, along with age, gender, type of antibiotic therapy strat-
egy (empirical or targeted), presence of paravertebral psoas abscess or pleural abscess,
localization of infection in the spine, type of bacterial group, primary infectious source,
time to surgery, time to pathogen detection, incidental dural tears, intraoperative local
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antibiotic irrigation, and type of surgery such as only abscess evacuation, one- or two-stage
surgery.

In a next step, risk factors such as immunosuppression, diabetes mellitus, obesity,
malignancy, liver cirrhosis, dialysis, stent or vascular prosthesis, artificial valve replacement,
osteoporosis, rheumatoid arthritis or increased rheumatoid factors, gout or increased uric
acid, chronic venous insufficiency, peripheral artery disease, and atrial fibrillation were
analyzed.

Subsequently, disease-related complications such as sepsis, septic embolism, meningism,
endocarditis with vegetations, surgical site infections (SSI), reoperations due to SSI, reop-
erations due to persistent empyema or increased spinal instability, relapse rate, mortality,
length of hospital and intensive care unit (ICU) stay, duration of intravenous antibiotic
administration, and total duration of antibiotic administration were analyzed.

We determined the success rate in the PSI and SD groups with and without ESID,
whereas treatment failure was present in cases of persistent empyema, instability, SSI with
or without reoperation, relapse rate, or death. Last, we determined the independent risk
factors in multivariate binary logistic regression analysis for treatment failure. Sex, age over
65 years, methicillin-sensitive Staphylococcus aureus (MSSA), time to pathogen detection,
empirical antibiotic treatment (EAT), time to surgery, diabetes mellitus, hepatic cirrhosis,
malignancy, paravertebral psoas abscess, pleural abscess, incidental dural tears, and ESID
were evaluated in multivariate binary logistic regression analysis.

2.2. Clinical Management and Microbiological Assessment
2.2.1. Assessment of Clinical, Microbiological, and Radiological Diagnostics

We determined the diagnosis of SD or ISEE based on the medical history; clinical
examination; fever; laboratory values such as leukocyte count, C-reactive protein (CrP),
and Procalcitonin; typical radiological changes on magnetic resonance imaging (MRI) and
computed tomography (CT); and pathogen detection in blood cultures, intraoperative
specimens, or CT-guided biopsies of paravertebral psoas abscess. A transoesophageal
echocardiogram (TEE) was obtained in patients with suspected infective endocarditis
according to the modified DUKE criteria.

Depending on the clinical condition, at least two blood cultures were taken before
antibiotic therapy was started for microbiological diagnosis, although some patients were
initially treated with antibiotics due to their severe clinical condition. Tissue samples
collected during open surgery and samples obtained by CT-guided biopsies were used for
microbiological analysis.

In our multidisciplinary spine board or neurosurgical–neuroradiology conference, the
diagnosis of ISEE or SD was performed depending on clinical, laboratory, and radiological
findings. From 2002 to 2015, cases were discussed in our neurosurgical–neuroradiology
conference and treated in collaboration with infectiologists when possible. Since 2015, we
have established a multidisciplinary spine board that includes neuroradiologists, neuro-
surgeons, trauma surgeons, orthopedic surgeons, and infectiologists when appropriate in
order to determine the best treatment strategy for patients.

2.2.2. Antibiotic and Surgical Management
Surgical Treatment

First-line treatment was usually conservative with intravenous antibiotics, although
surgical treatment was indicated in cases of source control, epidural abscess, neurologic
deficits, or spinal instability. The type of surgical intervention was determined in the
multidisciplinary spine board or neurosurgical–neuroradiology conference. All of our
patients in this study required surgery and were treated with various surgical procedures.

Patients with ISEE underwent abscess evacuation with ESID or anterior cervical
discectomy and fusion (ACDF) for abscesses ventral to the cervical spinal cord with ESID.
Patients with SD were treated with either abscess evacuation alone or one- or two-stage
instrumentation due to spinal instability, deformity, and pain-related immobility. Therefore,

59



J. Clin. Med. 2023, 12, 5078

surgical decision-making depends on clinical experience and various defined radiological
features. To assess bony integrity, preoperative CT scans were obtained from all patients
who received spinal instrumentation.

Choice between ESID and NON-ESID Techniques in ISEE and SD

Of the 66 ISEE patients, only 7 did not receive ESID. In reviewing the medical records,
no clear reason was identified explaining why the surgeons opted for NON-ESID. In 2 cases,
the ESID was removed immediately postoperatively when the patient was repositioned.
Incidental dural tears or reactive tissue without evidence of pus as the cause have not been
reported in the remaining cases. The placement of an ESID in SD patients was based on
surgeon experience and intraoperative findings, although patients treated with single-stage
surgical abscess evacuation and simultaneous fixation were treated up to 81% without an
ESID.

Epidural Suction–Irrigation Drainage

During abscess evacuation in patients with SD and ISEE, we placed one or two ESIDs
in the spinal canal, when possible, with one ESID inserted cranially and one caudally.
Beginning on the first postoperative day, the ESIDs were irrigated twice daily with gen-
tamycin (5 mg in 5 mL), and samples were collected daily from the irrigation drainages for
microbiological examination before irrigation. In case the identified pathogen was resistant
to gentamycin, ESIDs were irrigated with vancomycin whenever possible. During irriga-
tion, the suction drainage was closed and reopened after half an hour. If there were three
bacteria-free microbiological results from the ESIDs on three consecutive days, the ESIDs
were removed, and in most cases, the drainages were removed between postoperative days
8 and 14.

Antibiotic Treatment

Either targeted antibiotic treatment (TAT) or EAT was administered to all patients,
depending on the clinical condition at admission and according to the recommendations
from the local infectious disease department. However, it is important to mention that
the majority of patients with EAT presented to us from secondary hospitals and required
immediate surgery, therefore the number of EAT patients was high. The EAT was switched
to TAT after detection of the causative pathogens.

In case of SD, intravenous antibiotic therapy was administered for about 4–6 weeks
and then switched to oral antibiotics for total duration of 10 and 12 weeks. On the other
hand, ISEE patients received intravenous antibiotic treatment for about 2 weeks and then
switched to oral administration for a total duration of 4 to 6 weeks. Follow-up clinical
and radiological examinations were conducted in all patients who complied with our
recommendation at 3, 6, and 12 months after hospital discharge, if possible.

2.3. Illustrative Cases

We selected two different cases to describe our strategy for managing patients with
ISEE and SD using ESID.

2.3.1. First Case with Isolated Spinal Epidural Empyema

Our first case was a 71-year-old female patient with distal weakness on lower ex-
tremities and urosepsis. MRI of the whole spine revealed ISEE at the level of L2 to S1.
Escherichia coli was detected twice in blood cultures from two different peripheral regions
and once in urine. Immediate microsurgical decompression with abscess evacuation and
insertion of ESIDs was performed. Epidural irrigation was performed twice daily with
gentamycin (5 mg in 5 mL), and samples from the irrigation drainage were collected daily
before administration of local antibiotics. Once three times no bacteria were detected in
the samples from the irrigation drainages, the ESIDs were removed, in this case it was
the tenth postoperative day. E. coli was also isolated in intraoperative specimens and in
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the ESID samples, subsequently treated with ampicillin IV 4 g thrice daily for four weeks,
and then switched to oral co-trimoxazole 160 mg/800 mg twice daily for an additional six
weeks. The patient was discharged home after approximately four weeks on oral antibiotics.
Follow-up showed no recurrence, so the antibiotics could be stopped after a total of ten
weeks (Figure 1).

 

Figure 1. Management of ISEE with epidural suction–irrigation drainages. (A): A preoperative
sagittal fat-saturated contrast-enhanced T1-weighted MR image of the lumbar spine shows isolated
spinal epidural empyema in the dorsal part of the spinal canal at the level of L3 to S1. (B–D): Different
preoperative axial T1-weighted contrast-enhanced MR images of the lumbar spine at the level of L3,
L4, and L5. (E,F) Postoperative axial and sagittal reformatted CT images showing the previously
placed suction–irrigation drainages cranially and caudally in the spinal canal at the level of L3/L4.
(G): Axial T1-weighted contrast-enhanced MR image at 10 weeks at the time of antibiotic discon-
tinuation. (H): Axial T2-weighted MR image at 10 weeks at the time of antibiotic discontinuation.
(I): Sagittal T2-weighted MR image at 10 weeks at the time of antibiotic discontinuation.

2.3.2. Second Case with Spondylodiscitis and Epidural Empyema

A 72-year-old male patient from a secondary hospital presented with MSSA bacter-
aemia detected twice in blood cultures, with increasing infection parameters, severe back
pain, and immobility due to pain with lower extremities weakness that was difficult to
evaluate. Therapy with intravenous flucloxacillin 2 g four times daily was started externally.
Whole-spine MRI was performed showing SD at the level of L2/L3 with spinal epidural
empyema at the level of L2 to L5. In addition, a calcified disc herniation at the level of
L2/L3 was seen on CT with abnormal narrowing of the spinal canal. We immediately
performed a microsurgical decompression at the level L2/L3 with abscess evacuation
and insertion of two ESIDs. The patient was postoperatively transferred to our ICU and
subsequently transferred to normal ward in stable cardiopulmonary condition. MSSA was
detected twice from the ESIDs. The ESIDs were irrigated twice a day with local antibiotics.
After three sterile results, the ESIDs were removed on the ninth postoperative day. After
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two weeks, the patient, who was in favorable general condition, had no neurologic deficits,
and was able to mobilize on the ward, was transferred to a secondary hospital near to his
home for continuation of antibiotic therapy. Intravenous therapy with flucloxacillin was
continued for a total of six weeks and then switched to oral antibiotics for an additional
five weeks. Presentation to our outpatient clinic for stopping the antibiotics with a recent
MRI and CT showed increasing bone destruction at the level of L2/L3 with instability, but
no epidural empyema was noted. We discontinued the antibiotics for two days. After a
two-day antibiotic-free period, we performed an extreme lateral interbody fusion (XLIF) on
the right side at the level L2/L3 with specimen collection followed by dorsal instrumenta-
tion in terms of a single-stage 360-degree instrumentation in a two-position. Intraoperative
findings showed an abscess-free situs after SD with reactive tissue. The pathogen could not
be detected in the blood cultures and in the intraoperative specimens. The patient received
two weeks additional intravenous antibiotic treatment with flucloxacillin, and rifampicin
followed by four weeks more of oral levofloxacin and rifampicin. After completion of
antibiotics, the patient presented to our outpatient clinic with a recent MRI and CT of the
lumbar spine. This showed favorable results with no evidence of relapse. The patient stated
well-being and showed absence of any weakness on the lower extremities and the infection
parameters were normal (Figure 2).

 

Figure 2. Management of SD with epidural suction–irrigation drainages. (A): A preoperative sagittal
T1-weighted fat-saturated contrast-enhanced MR image of the lumbar spine shows spondylodiscitis
at the L2/L3 level with epidural spinal empyema at the level of L2 to L5. (B): A preoperative sagittal
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T2-weighted MR image of the lumbar spine. (C1): Preoperative axial T1-weighted fat-saturated
contrast-enhanced MR image of the level L2/L3. (C2–F): Postoperative axial, coronal, and sagittal
reformatted CT images showing the placed epidural suction-irrigation drainages cranially and
caudally in the spinal canal at the level of L3/L4. (G): Sagittal reformatted CT image showing bone
destruction at the level of L2/L3 at 11 weeks at the time of proposed antibiotic discontinuation.
(H–K3): Postoperative sagittal, coronal, and axial reformatted CT images showing the result of the
single-stage 360-degree instrumentation in a two position. (L–M2): Sagittal and axial T2-weighted
MR images displaying the result after stopping the antibiotics.

2.4. Statistical Analysis

Statistical analysis of the data was performed using the SPSS software package (SPSS
Statistics 29, IBM, Armonk, NY, USA). Descriptive statistics were used, and categorical
variables were tested by Fisher exact tests or chi-square tests. Numerical variables were
analyzed with Mann–Whitney U tests. All statistical tests were two-sided, and a p value
p < 0.05 was considered statistically significant. The dependent variable was treatment
failure in SD patients, and a backward multivariate binary logistic regression analysis was
performed. In this way, the regression equation was established and the relative risk value
for treatment failure (odds ratio) and 95% confidence interval (CI) were determined.

3. Results

3.1. General Baseline Characteristics

Our study included 208 patients (men: 136, 65.4% vs. women: 72, 34.6%, p < 0.001)
with PSI, of whom 142 patients presented with SD (68.3%) and 66 patients with ISEE
(31.7%). In our collectives, 146 patients (70.2%) received intraoperative ESID and 62 patients
(29.8%) were not treated with ESID. A total of 61.3% of SD patients were treated with ESID
(87 patients), while the remaining 55 SD patients (38.7%) were treated with NON-ESID.
The ISEE group was 89.4% managed with ESID (59 patients) and only 7 patients with
NON-ESID. ISEE-NON-ESID group was small (7 patients), therefore only the SD patients
were analyzed in detail.

3.2. ESID Group vs. NON-ESID Group
3.2.1. Baseline Factors

The ESID and NON-ESID group did not differ in age distribution over 65 years (ESID:
74, 50.7% vs. NON-ESID: 39, 62.9%, p = 0.0128) and gender (ESID: 55 females, 37.7%
vs. NON-ESID: 17 females 27.4%, p = 0.202) (Table 1). ESID group was more frequently
treated with EAT strategy than NON-ESID (ESID: 105, 71.9% vs. 35, 56.5%, p= 0.036).
Paravertebral psoas abscesses (ESID: 92, 63.0% vs. NON-ESID: 36, 58.1%, p = 0.535) and
pleural abscesses (ESID: 28, 19.2% vs. NON-ESID: 14, 22.2%, p = 0.576) were found equally
frequently in both groups. The distribution of detected infections in the cervical spine (CS),
thoracic spine (TS), lumbar spine (LS), and in more than one part of the spine was equally
common in both groups. MSSA was detected more frequently in ESID than in NON-ESID
(ESID: 82/135, 60.7% vs. NON-ESID: 18/52, 34.6%, p = 0.002). Other bacterial groups
(Streptococci/Enterococci, Enterobacterales, and coagulase-negative Staphylococci (CoNS))
did not show different distribution in both groups. Likewise, there were no differences
in the distribution of the primary source of infection in the two groups (p = 0.143). The
time from suspicion of SD or ISEE on imaging to performing surgery was significantly
shorter in the ESID group (ESID: 2 [1–4] d vs. NON-ESID: 4 [1–13] d, p < 0.001). The time
from suspicion of SD or ISEE to isolation of the pathogen was equally frequent in both
groups (ESID: 4 [3–7] d vs. 5 [3–10] d, p = 0.198). Incidental dural tear during surgery was
distributed equally in both groups (ESID: 16, 11% vs. NON-ESID: 10, 16.1%, p= 0.360). In
the ESID group, intraoperative local antibiotic irrigation with gentamycin, vancomycin, or
both was performed more frequently (ESID: 129, 88.4% vs. NON-ESID: 44, 71.0%, p = 0.004).
Patients with ESID underwent more frequently abscess evacuation only (ESID: 82, 56.2%
vs. NON-ESID: 11, 17.7%, p < 0.001) and more often two-stage surgery (ESID: 32, 21% vs.
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5, 8.1%, p = 0.017). One-stage surgery was performed more frequently in patients with
NON-ESIDS (ESID: 32, 21.9% vs. 46, 74.2%, p < 0.001).

Table 1. Baseline factors between ESID and NON-ESID.

Baseline Factors
ESID (n = 146,

70.2%)
NON-ESID (n = 62,

29.8%)
p-Value

Age > 65 years 74/146 (50.7%) 39/62 (62.9%) 0.128 (1)

Gender F: 55 vs. M: 91 F: 17 vs. M: 45 0.202 (1)

EAT 105/146 (71.9%) 35/62 (56.5%)
0.036 (1)

TAT 41/146 (28.1%) 27/62 (43.5%)

Paravertebral psoas abscesses 92/146 (63.0%) 36/62 (58.1%) 0.535 (1)

Pleural abscesses 28/146 (19.2%) 14/62 (22.6%) 0.576 (1)

CS 43/146 (29.5%) 18/62 (29.0%) 1.000 (1)

TS 58/146 (39.7%) 24/62 (38.7%) 1.000 (1)

LS 101/146 (69.2%) 36/62 (58.1%) 0.150 (1)

More than one part of spine 43/146 (29.5%) 14/62 (22.6%) 0.396 (1)

MSSA (n = 187) 82/135 (60.7%) 18/52 (34.6%) 0.002 (1)

SE (n = 187) 19/135 (14.1%) 12/52 (23.1%) 0.187 (1)

Enterobacterales (n = 187) 12/135 (8.9%) 8/52 (15.4%) 0.198 (1)

CoNS (n = 187) 12/135 (8.9%) 8/52 (15.4%) 0.198 (1)

Primary infectious sources
(n = 145) -- -- 0.143 (2)

Time to surgery 2 [1–4] d * 4 [1–13] d * <0.001 (2)

Time to pathogen detection 4 [3–7] d * 5 [3–10] d * 0.198 (2)

Incidental dural tears 16/146 (11.0%) 10/62 (16.1%) 0.360 (1)

Intraoperative antibiotic
Irrigation 129/146 (88.4%) 44/62 (71.0%) 0.004 (1)

Only abscess evacuation 82/146 (56.2%) 11/62 (17.7%) <0.001 (1)

One-stage surgery 32/146 (21.9%) 46/62 (74.2%) <0.001 (1)

Two-stage surgery 32/146 (21.9%) 5/62 (8.1%) 0.017 (1)

ESID: epidural suction–irrigation drainage group; NON-ESID: group without epidural suction–irrigation drainage;
EAT: empirical antibiotic treatment; TAT: targeted antibiotic treatment; CS: cervical spine, TS: thoracic spine; LS:
lumbar spine; MSSA: methicillin-sensitive Staphylococcus aureus; SE: Streptococcus spp. and Enterococcus spp.;
CoNS: coagulase-negative Staphylococci; *: median [interquartile range]; (1): Fisher exact test; (2): Mann–Whitney
U test. One-stage surgery: simultaneous abscess evacuation and fixation; Two-stage surgery: initial abscess
evacuation and then fixation. Bold values are significant results (p < 0.05) as indicated in the methods.

3.2.2. Risk Factors

Risk factors such as immunosuppression (ESID: 22, 15.1% vs. 13, 21.0%, p = 0.315),
diabetes mellitus (ESID: 52, 36.6% vs. 25, 40.3%, p = 0.534), obesity (ESID: 48, 32.9%
vs. 18, 29.0%, p = 0.628), malignancy (ESID: 25, 17.1% vs. 13, 21.0%, p = 0.558), hepatic
cirrhosis (ESID: 32, 21.9% vs. 13, 21.0%, p = 1.000), dialysis (ESID: 5, 3.4% vs. 3, 4.8%,
p = 0.698), presence of a stent or vascular prosthesis (ESID: 13, 8.9% vs. 4, 6.5%, p = 0.783),
osteoporosis (ESID: 51/129, 39.5% vs. 31/60, 51.7%, p = 0.156), rheumatoid arthritis or
increased rheumatoid factors (ESID: 29/67, 43.3% vs. 8/24, 33.3%, p = 0.472), gout or
increased uric acid (ESID: 28/63, 44.4% vs. 17/29, 58.6%, p = 0.263), chronic venous
insufficiency (ESID: 5, 3.4% vs. 2, 3.2%, p = 1.000), peripheral artery disease (ESID: 7, 4.8%
vs. 6, 9.7%, p = 0.214), and atrial fibrillation (ESID: 31, 21.2% vs. 20, 32.3%, p = 0.113) were
equally distributed in both groups (Table 2).
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Table 2. Risk factors between ESID and NON-ESID.

Risk Factors
ESID (n = 146,

70.2%)
NON-ESID (n = 62,

29.8%)
p-Value

Immunosuppression 22/146 (15.1%) 13/62 (21.0%) 0.315 (1)

Diabetes mellitus 52/146 (36.6%) 25/62 (40.3%) 0.534 (1)

Obesity (BMI > 30 kg/m2) 48/146 (32.9%) 18/62 (29.0%) 0.628 (1)

Malignancy 25/146 (17.1%) 13/62 (21.0%) 0.558 (1)

Hepatic cirrhosis 32/146 (21.9%) 13/62 (21.0%) 1.000 (1)

Dialysis 5/146 (3.4%) 3/62 (4.8%) 0.698 (1)

Stent or vascular prosthesis 13/146 (8.9%) 4/62 (6.5%) 0.783 (1)

Artificial heart valve
replacement 5/146 (3.4%) 7/62 (11.3%) 0.045 (1)

Osteoporosis (n = 189) 51/129 (39.5%) 31/60 (51.7%) 0.156 (1)

RA or increased RF (n = 91) 29/67 (43.3%) 8/24 (33.3%) 0.472 (1)

Gout or increased uric acid
(n = 92) 28/63 (44.4%) 17/29 (58.6%) 0.263 (1)

Chronic venous insufficiency 5/146 (3.4%) 2/62 (3.2%) 1.000 (1)

Peripheral artery disease 7/146 (4.8%) 6/62 (9.7%) 0.214 (1)

Atrial fibrillation 31/146 (21.2%) 20/62 (32.3%) 0.113 (1)

ESID: epidural suction–irrigation drainage group; NON-ESID: group without epidural suction–irrigation drainage;
BMI: body mass index; RA: rheumatoid arthritis; RF: rheumatoid factors; (1): Fisher exact test. Bold values are
significant results (p < 0.05) as indicated in the methods.

3.2.3. Disease-Related Complications

SSI (ESID: 29, 19.9% vs. NON-ESID: 4, 6.5%, p = 0.021) and reoperations due to SSI
(ESID: 24, 16.4% vs. NON-ESID: 3, 4.8%, p = 0.024) were significantly more common in
the ESID group than in the NON-ESID group (Table 3). We found no differences in both
groups in terms of complications such as sepsis (ESID: 69, 47.3% vs. NON-ESID: 37, 59.7%,
p = 0.129), septic embolism (ESID: 34/108, 31.5% vs. NON-ESID: 22/57, 38.6%, p = 0.390),
meningism (ESID: 22/141, 15.6% vs. NON-ESID: 15/61, 24.6%, p = 0.165), endocarditis
with vegetation (ESID: 17/121, 14.0% vs. NON-ESID: 7/56, 12.5%, p = 1.000), reoperations
due to persistence or instability of empyema (ESID: 41, 28.1% vs. NON-ESID: 12, 19.4%,
p = 0.225), recurrence rate (ESID: 25/98, 25.5% vs. NON-ESID: 6/40, 15.0%, p = 0.261),
mortality (ESID: 6, 4.1% vs. NON-ESID: 6, 9.7%, p = 0.189), hospital stay (ESID: 31 [22–48] d
vs. NON-ESID: 35 [24–490] d, p = 0.512), ICU stay (ESID: 1 [0–8] d vs. 2 [0–13] d, p = 0.423),
intravenous antibiotic duration (ESID: 4 [3–6] w vs. NON-ESID: 4 [3–6] w, p = 0.426), and
total antibiotic duration (ESID: 8 [6–12] w vs. NON-ESID: 10 [6–12] w, p = 0.301).

Table 3. Disease-related complications between ESID and NON-ESID.

Variable
ESID (n = 146,

70.2%)
NON-ESID (n = 62,

29.8%)
p-Value

Sepsis 69/146 (47.3%) 37/62 (59.7%) 0.129 (1)

Septic embolism (n = 165) 34/108 (31.5%) 22/57 (38.6%) 0.390 (1)

Meningism (n = 202) 22/141 (15.6%) 15/61 (24.6%) 0.165 (1)

Endocarditis with vegetation
(n = 177) 17/121 (14.0%) 7/56 (12.5%) 1.000 (1)

SSI 29/146 (19.9%) 4/62 (6.5%) 0.021 (1)

Reoperation due SSI 24/146 (16.4%) 3/62 (4.8%) 0.024 (1)
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Table 3. Cont.

Variable
ESID (n = 146,

70.2%)
NON-ESID (n = 62,

29.8%)
p-Value

Reoperation (empyema or
instability) 41/146 (28.1%) 12/62 (19.4%) 0.225 (1)

Relapse rate (n = 138) 25/98 (25.5%) 6/40 (15.0%) 0.261 (1)

Mortality 6/146 (4.1%) 6/62 (9.7%) 0.189 (1)

Hospital stay 31 [22–48] d * 35 [24–49] d * 0.512 (2)

ICU stay 1 [0–8] d * 2 [0–13] d * 0.423 (2)

Intravenous antibiotic
duration 4 [3–6] w * 4 [3–6] w * 0.426 (2)

Total antibiotic duration 8 [6–12] w * 10 [6–12] w * 0.301 (2)

ESID: epidural suction–irrigation drainage group; NON-ESID: group without epidural suction–irrigation drainage;
SSI: surgical site infection; ICU: intensive care unit; *: median [interquartile range]; (1): Fisher exact test; (2): Mann–
Whitney U test. Bold values are significant results (p < 0.05) as indicated in the methods.

3.3. ESID Group vs. NON-ESID Group in Spondylodiscitis
3.3.1. Baseline Factors

Age over 65 years, gender, EAT/TAT, paravertebral psoas abscesses, pleural abscesses,
and distribution in the spine (CS, TS, LS, and more than part of the spine) were equally
distributed in the ESID and NON-ESID groups (Table 4). MSSA were detected more
frequently in patients with ESID than in patients without ESID (ESID: 44/80, 55.0% vs.
NON-ESID: 13/45, 28.9%, p = 0.005); however, Streptococci/Enterococci, Enterobacterales,
and CoNS showed no differences between the two groups. The primary sources of infection
were equally distributed in both groups (p = 0.0676). The time to surgery was significantly
longer in the NON-ESID group than in the ESID group (ESID: 2 [1–6] d vs. NON-ESID: 5
[2–14] d, p = 0.004), although the time to pathogen detection was the same in both groups
(ESID: 5 [3–8] d vs. NON-ESID: 6 [3–11] d, p = 0.470). There were no differences between
both groups in incidental dural tears (ESID: 11, 12.6% vs. NON-ESID: 8, 14.5%, p = 0.803).
Patients with ESID were more likely to be irrigated intraoperatively with a local antibiotic
(ESID: 80, 92.0% vs. NON-ESID: 40, 72.7%, p = 0.004). ESID patients underwent more often
abscess evacuation only (ESID: 25, 28.7% vs. NON-ESID: 5, 9.1%, p < 0.006) and more
often two-stage surgery (ESID: 32, 36.8% vs. 5, 9.1%, p < 0.001). One-stage surgery was
performed more frequently in patients with NON-ESIDS (ESID: 30, 34.5% vs. 45, 81.8%,
p < 0.001).

Table 4. Baseline factors between ESID and NON-ESID in SD.

Baseline Factors

SD (n = 142, 68.3%)

ESID (n = 87,
61.3%)

NON-ESID (n = 55,
38.7%)

p-Value

Age > 65 years 53/87 (60.9%) 35/55 (63.6%) 0.859 (1)

Gender F: 29 vs. M: 58 F: 12 vs. M: 43 0.184 (1)

EAT 58/87 (66.7%) 31/55 (56.4%)
0.285 (1)

TAT 29/87 (33.3%) 24/55 (43.6%)

Paravertebral psoas abscesses 62/87 (71.3%) 33/55 (60.0%) 0.201 (1)

Pleural abscesses 20/87 (23.0%) 13/55 (23.6%) 1.000 (1)

CS 24/87 (27.6%) 15/55 (27.3%) 1.000 (1)

TS 30/87 (34.5%) 19/55 (34.5%) 1.000 (1)

LS 62/87 (71.3%) 34/55 (61.8%) 0.272 (1)
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Table 4. Cont.

Baseline Factors

SD (n = 142, 68.3%)

ESID (n = 87,
61.3%)

NON-ESID (n = 55,
38.7%)

p-Value

More than one part of spine 25/87 (28.7%) 11/55 (20.0%) 0.322 (1)

MSSA (n= 187) 44/80 (55.0%) 13/45 (28.9%) 0.005 (1)

SE (n = 187) 14/80 (17.5%) 12/45 (26.7%) 0.255 (1)

Enterobacterales (n= 187) 8/80 (10.0%) 8/45 (17.8%) 0.267 (1)

CoNS (n = 187) 8/80 (10.0%) 7/45 (15.6%) 0.397 (1)

Primary infectious sources
(n = 145) -- -- 0.676 (2)

Time to surgery 2 [1–6] d * 5 [2–14] d * 0.004 (2)

Time to pathogen detection 5 [3–8] d * 6 [3–11] d * 0.470 (2)

Incidental dural tears 11/87 (12.6%) 8/55 (14.5%) 0.803 (1)

Intraoperative antibiotic
Irrigation 80/87 (92.0%) 40/55 (72.7%) 0.004 (1)

Only abscess evacuation 25/87 (28.7%) 5/55 (9.1%) 0.006 (1)

One-stage surgery 30/87 (34.5%) 45/55 (81.8%) <0.001 (1)

Two-stage surgery 32/87 (36.8%) 5/55 (9.1%) <0.001 (1)

ESID: epidural suction–irrigation drainage group; NON-ESID: group without epidural suction–irrigation drainage;
SD: spondylodiscitis; EAT: empirical antibiotic treatment; TAT: targeted antibiotic treatment; CS: cervical spine,
TS: thoracic spine; LS: lumbar spine; MSSA: methicillin-sensitive Staphylococcus aureus; SE: Streptococcus spp. and
Enterococcus spp.; CoNS: coagulase-negative Staphylococci; *: median [interquartile range]; One-stage surgery:
simultaneous abscess evacuation and fixation; Two-stage surgery: initial abscess evacuation and then fixation.
(1): Fisher exact test; (2): Mann–Whitney U test. Bold values are significant results (p < 0.05) as indicated in the
methods.

3.3.2. Risk Factors

Patients with ESID were less frequently to have artificial valve replacement than
patients without ESID (ESID: 3, 3.4% vs. 7, 12.7%, p = 0.046). No differences were seen
between the two groups for other risk factors (Table 5).

Table 5. Risk factors between ESID and NON-ESID in SD.

Risk Factors

SD (n = 142, 68.3%)

ESID (n = 87,
61.3%)

NON-ESID (n = 55,
38.7%)

p-Value

Immunosuppression 16/87 (18.4%) 12/55 (21.8%) 0.668 (1)

Diabetes Mellitus 35/87 (40.2%) 24/55 (43.6%) 0.729 (1)

Obesity (BMI > 30 kg/m2) 23/87 (26.4%) 14/55 (25.5%) 1.000 (1)

Malignancy 14/87 (16.1%) 12/55 (21.8%) 0.505 (1)

Hepatic cirrhosis 25/87 (28.7%) 13/55 (23.6%) 0.563 (1)

Dialysis 4/87 (4.6%) 3/55 (5.5%) 1.000 (1)

Stent or vascular prosthesis 11/87 (12.6%) 4/55 (7.3%) 0.406 (1)

Artificial heart valve
replacement 3/87 (3.4%) 7/55 (12.7%) 0.046 (1)

Osteoporosis (n = 189) 33/76 (43.4%) 30/55 (54.5%) 0.221 (1)

RA or increased RF (n = 91) 20/44 (45.5%) 8/22 (36.4%) 0.600 (1)
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Table 5. Cont.

Risk Factors

SD (n = 142, 68.3%)

ESID (n = 87,
61.3%)

NON-ESID (n = 55,
38.7%)

p-Value

Gout or increased uric acid
(n = 92) 19/42 (45.2%) 17/29 (58.6%) 0.337 (1)

Chronic venous insufficiency 1/87 (1.1%) 2/55 (3.6%) 0.560 (1)

Peripheral artery disease 5/87 (5.7%) 6/55 (10.9%) 0.337 (1)

Atrial fibrillation 23/87 (26.4%) 20/55 (36.4%) 0.261 (1)

ESID: epidural suction–irrigation drainage group; NON-ESID: group without epidural suction–irrigation drainage;
SD: spondylodiscitis; BMI: body mass index; RA: rheumatoid arthritis; RF: rheumatoid factors; (1): Fisher exact
test. Bold values are significant results (p < 0.05) as indicated in the methods.

3.3.3. Disease-Related Complications

SSI (ESID: 22, 25.3% vs. NON-ESID: 3, 5.5%, p = 0.003), reoperations due to SSI (ESID:
20, 23.0% vs. NON-ESID: 2, 3.6%, p = 0. 002), and reoperations due to empyema persistence
or instability (ESID: 37, 42.5% vs. NON-ESID: 12, 21.8%, p = 0.012) were significantly more
frequent in the ESID group than in the NON-ESID group (Table 6). The relapse rate was
also higher in patients with ESID than in patients with NON-ESID (ESID: 21, 37.5% vs.
NON-ESID: 6, 16.7%, p = 0.037). No differences were found between the two groups for
other disease-related complications.

Table 6. Disease-related complications between ESID and NON-ESID in SD.

Variable

SD (n = 142, 68.3%)

ESID (n = 87,
61.3%)

NON-ESID (n = 55,
38.7%)

p-Value

Sepsis 59/87 (67.8%) 35/55 (37.2%) 0.716 (1)

Septic embolism (n = 165) 31/67 (46.3%) 21/50 (42.0%) 0.709 (1)

Meningism (n = 202) 12/83 (14.5%) 13/54 (24.1%) 0.178 (1)

Endocarditis with vegetation
(n = 177) 16/75 (21.3%) 7/50 (14.0%) 0.352 (1)

SSI 22/87 (25.3%) 3/55 (5.5%) 0.003 (1)

Reoperation due SSI 20/87 (23.0%) 2/55 (3.6%) 0.002 (1)

Reoperation (empyema or
instability) 37/87 (42.5%) 12/55 (21.8%) 0.012 (1)

Relapse rate (n = 138) 21/56 (37.5%) 6/36 (16.7%) 0.037 (1)

Mortality 5/87 (5.7%) 6/55 (10.9%) 0.337 (1)

Hospital stay 40 [31–56] d * 35 [26–51] d * 0.139 (2)

ICU stay 3 [0–13] d * 2 [0–12] d * 0.893 (2)

Intravenous antibiotic
duration 5 [4–6] w * 4 [3–7] w * 0.189 (2)

Total antibiotic duration 10 [8–12] w * 10 [7–12] w * 0.789 (2)

ESID: epidural suction–irrigation drainage group; NON-ESID: group without epidural suction–irrigation drainage;
SD: spondylodiscitis; SSI: surgical site infection; ICU: intensive care unit; *: median [interquartile range]; (1):
Fisher exact test; (2): Mann–Whitney U test. Bold values are significant results (p < 0.05) as indicated in the
methods.

3.4. Success Rate

Success rate was defined as a single (one- or two-stage surgical strategy) uncomplicated
ESID or NON-ESID treatment. Treatment failure was present in persistent empyema,
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instability, or SSI with or without reoperation, and relapse or fatality. Overall, the success
rate was lower in PSI patients with ESID than NON-ESID patients (ESID: 73, 50.0% vs.
NON-ESID: 42, 67.7%, p = 0.022). SD patients without ESID showed a better success rate
than patients with ESID (ESID: 26, 29.9% vs. NON-ESID: 36, 65.6%, p < 0.001) (Table 7,
Figure 3).

Table 7. Success rate in patients with PSI or SD treated with/without ESID.

Infection ESID NON-ESID p-Value

Primary spinal infection (n = 208) 73/146 (50.0%) 42/62 (67.7%) 0.022 (1)

Spondylodiscitis (n = 142) 26/87 (29.9%) 36/55 (65.5%) <0.001 (1)

ESID: epidural suction–irrigation drainage group; NON-ESID: group without epidural suction–irrigation drainage;
(1): Fisher exact test. Bold values are significant results (p < 0.05) as indicated in the methods.

Figure 3. Success rate in patients with primary spinal infection or spondylodiscitis treated
with/without ESID. ESID: epidural suction–irrigation drainage group; NON-ESID: group with-
out epidural suction–irrigation drainage; The p-values are significant when p < 0.05, as indicated in
the methods according to the Fisher exact test.

3.5. Multivariate Analyses

Multivariate binary logistic regression analyses are summarized in Table 8. Treat-
ment with ESID (p < 0.001; OR: 0.201; 95% CI: 0.089–0.451) was identified as a significant
independent risk factor for treatment failure in patients with SD in our cohort.
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Table 8. Multivariate binary logistic regression analysis to identify independent risk factors for
treatment failure in patients with SD.

Variables
Multivariate Logistic Regression

OR (95% CI) p-Value

Males 0.487 (0.200–1.185) 0.113

Age > 65 years 0.629 (0.257–1.542) 0.311

Methicillin-sensitive Staphylococcus aureus 0.928 (0.370–2.329) 0.874

Time to pathogen detection 0.938 (0.877–1.002) 0.058

Empirical antibiotic therapy 1.707 (0.738–3.948) 0.211

Time to surgery 0.992 (0.947–1.040) 0.748

Diabetes mellitus 0.612 (0.265–1.415) 0.251

Hepatic cirrhosis 0.895 (0.312–2.568) 0.837

Malignancy 0.539 (0.174–1.676) 0.286

Paravertebral psoas abscess 0.468 (0.208–1.053) 0.067

Pleural abscess 0.472 (0.174–1.281) 0.141

Incidental dural tears 0.382 (0.111–1.315) 0.127

Epidural suction-irrigation drainage 0.201 (0.089–0.451) <0.001

OR: odds ratio, CI: confidence interval. Bold values are significant results (p < 0.05) as indicated in the methods.

Sex (p = 0.113; OR: 0.487; 95% CI: 0.200–1.185), age over 65 years (p = 0.311; OR: 0.629;
95% CI: 0.257–1.542), MSSA (p = 0.311; OR: 0.928; 95% CI: 0.370–2.329), time to pathogen
detection (p = 0.058; OR: 0.938; 95% CI: 0.877–1.002), EAT (p = 0.211; OR: 1.707; 95% CI:
0.738–3.948), time to surgery (p = 0.748; OR: 0.992; 95% CI: 0.947–1.040), diabetes mellitus
(p = 0.251; OR: 0.612; 95% CI: 0.265–1.415), hepatic cirrhosis (p = 0.837; OR: 0.895; 95% CI:
0.312–2.568), malignancy (p = 0.286; OR: 0.539; 95% CI: 0.174–1.676), paravertebral psoas
abscess (p = 0.067; OR: 0.468; 95% CI: 0.208–1.053), pleural abscess (p = 0.141; OR: 0.472;
95% CI: 0.174–1.281), and incidental dural tears (p = 0.127; OR: 0.382; 95% CI: 0.111–1.315)
showed no significance in multivariate analysis.

4. Discussion

The key message of this study and our 20-year experience with the ESID technique
showed that ESID did not confer any benefits in SD patients, possibly even disadvantages
in terms of worsening short- and long-term outcomes, such as required reoperations and
increased relapse rate. In the ISEE patients, we were unable to perform any meaningful
comparisons between ESID and NON-ESID patients due to the small number of ISEE
patients. The adverse effects in SD patients were mainly due to SSI and local persistence of
infection, probably caused by seroma formation.

Baseline factors:

The following baseline factors were equally distributed between both ESID and NON-
ESID, even when considering SD patients separately: Age over 65 years, gender, paraver-
tebral psoas abscess or pleural abscess, location in the spine, bacterial groups such as
Streptococci and Enterococci, Enterobacterales, CoNS, primary sources of infection, time to
pathogen detection, and incidental dural tears.

In total, ESID patients were more often treated with EAT than TAT compared to NON-
ESID. In SD patients alone, we found no difference between the ESID and NON-ESID in
terms of TAT/EAT. Overall, the number of patients with EAT in our cohort is greater than
with TAT because patients were referred to us for immediate surgical treatment and had
EAT upfront.
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Baseline factors such as MSSA bacterial group, time to surgery, intraoperative antibiotic
irrigation, and type of surgery (abscess evacuation only, one- or two-stage surgery) showed
a difference between ESID and NON-ESID in PSI and SD patients alone.

In SD patients, MSSA were detected more frequently in the ESID group than in the
NON-ESID group, although this may be an incidental finding since MSSA is a typical
pathogen of SD [12–14].

In our SD cohort, the time from the suspected clinical radiological diagnosis to surgery
was shorter in the ESID group than in the NON-ESID group. Authors reported that early
surgery in SD showed better clinical outcomes [15]. Thus, the ESID group in SD has an
advantage over NON-ESID, if the assumption were accurate. The time from symptom
onset to first surgical treatment was reported differently in the literature, varying from 17
to 69 days [16,17].

More than 70% of the ESID and NON-ESID groups in SD patients were irrigated
intraoperatively with local antibiotics, which may have affected the outcomes; however,
the ESID group was irrigated intraoperatively more frequently than the NON-ESID group.

The NON-ESID group was treated mainly with single-stage surgery, whereas the three
procedures were equally distributed in the ESID group. In a retrospective study of 118
patients, Bydon et al. reported no differences in recurrence and revision rates in patients
with abscess evacuation and instrumentation and patients with only abscess evacuation [18].
Dietz et al. demonstrated significant benefits of additive fusion in a population of 2662
patients in terms of recurrence, revision rate, and postoperative complications [19].

Risk factors:

Risk factors such as immunosuppression, diabetes mellitus, obesity, malignancy, liver
cirrhosis, dialysis, stent or vascular prosthesis, osteoporosis, rheumatoid arthritis or in-
creased rheumatoid factors, gout or increased uric acid, chronic venous insufficiency,
peripheral arterial disease, and atrial fibrillation showed no between-group differences. Ar-
tificial heart valve replacement was found more frequently in SD patients in the NON-ESID
group than in the ESID group.

Disease-related complications:

We found a significant increased SSI (19.9%) with required revisions due to SSI (16.4%)
in ESID patients with PSI compared to NON-ESID patients with PSI (SSI: 6.5%, revision
due to SSI: 4.8%). The ESID technique carries an increased risk of epidural fluid stasis due
to irrigation [11], which probably led to SSI.

However, all other disease-related complications such as sepsis, septic embolism,
meningism, endocarditis with vegetations, reoperation for persistent empyema or increased
spinal instability, relapse rate, mortality, length of hospital and ICU stay, duration of
intravenous antibiotic administration, and total duration of antibiotic administration were
equally distributed between ESID and NON-ESID patients with PSI in our cohort.

SD cohort showed an increased rate of SSI, relapse, revisions due to SSI, persistent
empyema, or instability in ESID patients compared with NON-ESID.

Success rate:

ESID showed a worse success rate in PSI and especially in SD patients, and the
inefficacy of this technique can only be explained by the accumulation of fluid with the
formation of seromas and the resulting increasing bacterial load.

Multivariate analyses:

The multivariate regression analysis showed that ESID technique was an independent
risk factor for treatment failure in patients with SD, which was suggested in the previous
study by Löhr [11].

Limitations and strengths of this study

Our study is limited by its retrospective design and a possible selection bias toward
more severe cases due to the high degree of specialization at our university center. The
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number of ISEE patients treated with NON-ESID is very limited, with only seven patients.
Nevertheless, our data are derived from detailed clinical, imaging, and microbiological
state-of-the-art diagnostic assessment with high internal validity and a meaningful sample
size. Finally, the generalizability of our observations is limited by the monocentric design
of our study.

5. Conclusions

Our retrospective cohort study and more than 20 years of experience with the ESID
technique suggest a negative effect in patients with SD in terms of SSI and relapse rate.
The evaluation of ISEE patients is limited due to the small number of NON-ESID patients.
In SD patients, the unfavorable effects were mainly due to SSI and local persistence of
infection, probably caused by seroma formation.
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Abstract: Background: Pyogenic vertebral osteomyelitis represents a clinical challenge associated
with significant morbidity and mortality. The aim of this study was to analyze potential risk factors for
the in-hospital mortality of vertebral osteomyelitis (VO) patients. Methods: Based on the International
Classification of Diseases, 10th Revision (ICD-10) codes for VO (“M46.2-”, “M46.3-”, and “M46.4-”)
data for total case numbers, secondary diagnoses, and numbers of in-hospital deaths were extracted
from the Institute for the Hospital Remuneration System (InEK GmbH). Odds ratios (OR) for death
were calculated for several secondary diseases and factors of interest. Results: Despite age, certain
comorbidities were found to be strongly associated with increased mortality risk: Heart failure
(OR = 2.80; 95% CI 2.45 to 3.20; p < 0.01), chronic kidney disease (OR = 1.83; 95% CI 1.57 to 2.13;
p < 0.01), and diabetes with complications (OR = 1.86; 95% CI 1.46 to 2.38; p < 0.01). Among the
complications, acute liver failure showed the highest risk for in-hospital mortality (OR = 42.41; 95%
CI 23.47 to 76.62; p < 0.01). Additionally, stage III kidney failure (OR = 9.81; 95% CI 7.96 to 12.08;
p < 0.01), sepsis (OR = 5.94; 95% CI 5.02 to 7.03; p < 0.01), acute respiratory failure (OR = 5.31; 95% CI
4.61 to 6.12; p < 0.01), and systemic inflammatory response syndrome (SIRS) (OR = 5.19; 95% CI 3.69 to
5.19; p < 0.01) were associated with in-hospital mortality. When analyzing the influence of pathogens,
documented infection with Pseudomonas aeruginosa had the highest risk for mortality (OR = 2.74; 95%
CI 2.07 to 3.63; p < 0.01), followed by Streptococci, Escherichia coli, and Staphylococcus aureus infections.
Conclusions: An early assessment of individual patient risk factors may be beneficial in the care and
treatment of VO to help reduce the risks of mortality. These findings emphasize the importance of
closely monitoring VO patients with chronic organ diseases, early detection and treatment of sepsis,
and tailored empirical antibiotic therapy. The identification of specific pathogens and antibiotic
susceptibility testing should be prioritized to improve patient outcomes in this high-risk population.

Keywords: pyogenic vertebral osteomyelitis; mortality; risk-factors

1. Introduction

Musculoskeletal infections present a significant challenge in the fields of orthopedics
and trauma surgery [1]. When infections of the spine occur without prior surgery or
implanted devices, they are known as pyogenic vertebral osteomyelitis (VO), also referred
to as spinal osteomyelitis or spondylodiscitis [2]. Hospitalization is often necessary for
patients with VO [3]. Delayed diagnosis is common, particularly in cases involving low-
virulence pathogens, and this can lead to high morbidity and mortality rates [4]. It is
crucial to highlight the increasing importance of infections caused by coagulase-negative
staphylococci (CONS) in this context [5–7]. Epidemiological studies have consistently
reported a rise in the incidence of VO, indicating an ongoing challenge for healthcare
systems [8–10]. Additionally, the treatment of elderly patients continues to be of great
importance to musculoskeletal surgeons [11]. This trend can be attributed to the increasing
number of comorbidities in an aging population, as well as advancements in imaging
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techniques that have improved diagnostics and resulted in a higher number of documented
VO cases [12–15]. Furthermore, the standardization of pathogen identification methods
has contributed to the detection of VO [16]. Recent publications have provided updated
diagnostic and therapeutic approaches to VO treatment [17,18]. However, a significant
heterogeneity remains in reports on the epidemiology of VO, with limited analyses of
nationwide databases and an incomplete understanding of the risk factors associated with
in-hospital mortality [8,10,19].

Therefore, this study aimed to analyze potential risk factors for in-hospital mortality
among VO patients.

2. Materials and Methods

2.1. Data Source

In accordance with section 17b of the German Hospital Financing Act (KHG), a uni-
versal and performance-based remuneration system has been established for the provision
of general hospital services. This includes a flat-rate compensation approach based on the
German Diagnosis Related Groups system (G-DRG system). Each inpatient treatment case
is thus remunerated via a corresponding DRG lump sum payment, providing standardized
compensation aimed at maintaining uniformity across the healthcare system.

The Institute for the Remuneration System in Hospitals (InEK GmbH) serves as a
substantial data source, providing in-depth data on primary and secondary diagnoses, all
classified using the International Classification of Diseases, 10th Revision (ICD-10) system.
Moreover, it presents data regarding patient demographics such as age and gender, as well
as reasons for discharge, including mortality-related circumstances.

The InEK DatenBrowser facilitates a comprehensive analysis of these data, offering
a cross-sectional view of healthcare trends and outcomes, and it includes information
extending back to the year 2019.

Pre- and post-stationary services are included in the datasets as per § 1 para. 6 FPV. In
the remuneration area “PSY”, cases with equivalent inpatient psychiatric treatment are also
included in the base population.

For cases with partial inpatient care in the remuneration area “DRG”, counting is
based on the number of transmitted data records, not adhering to the provisions of § 9 FPV
where cases with regular or multiple treatments per quarter are counted as one case. This
may result in a higher or lower case number compared to the number of delivered data
records, and evaluation results for partially inpatient care must be interpreted considering
these limitations.

For the purposes of this study, an analysis was conducted specifically for the year 2020.
The focus was on the ICD-10 codes for vertebral osteomyelitis (VO)—“M46.2-”, “M46.3-”,
and “M46.4-”. The extracted data encompassed total case numbers, secondary diagnoses
coding for comorbidities and complications, and instances of in-hospital deaths related to
VO. This enabled an insightful exploration of the prevalence and outcomes associated with
this specific condition. To ensure relevance, we chose to exclusively report on conditions
that accounted for a minimum of 0.5% of the total cases by default.

2.2. Statistical Analysis

Statistical analysis was carried out using SPSS software version 28 (SPSS Inc, Chicago,
IL, USA). The frequencies of secondary diagnoses, identified through coded data, are
represented both as absolute numbers and as proportions of the total cases. To enhance
interpretability, these diagnoses were segregated into two distinct categories: comorbidities
and complications. Separately, coded data pertaining to pathogens were scrutinized.

In this study, univariate analysis was utilized to individually analyze each variable for
its potential as a risk factor associated with in-hospital mortality among patients diagnosed
with vertebral osteomyelitis (VO) in the year 2020. The dataset used for this examination
included a wide spectrum of patient outcomes, including both cases with and without
documented in-hospital deaths.
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The statistical strength of the association between exposure to certain factors and the
occurrence of the defined outcome—in-hospital mortality, in this case—was quantified
using odds ratios (OR). An OR < 1.0 signified a negative association, indicating that the
exposure to the variable under consideration was associated with lower odds of in-hospital
mortality. Conversely, an OR > 1.0 represented a positive association, implying that the
exposure was linked with higher odds of the defined outcome. ORs were calculated for
several comorbidities and complications of interest. To complement these ORs, lower and
upper 95% Confidence Intervals (CI) were also derived, furnishing an estimate of the range
in which the true OR lies with a 95% probability. A X2 (Chi-square) test of independence
was conducted to examine the relationship between in-hospital mortality and each variable
under consideration. A statistical significance level (alpha) of 0.05 was chosen; hence, a
p-value less than this threshold would denote a statistically significant association between
the factor and in-hospital mortality.

2.3. Ethical Considerations

The Informed Consent and Investigational Review Board (IRB) was not required for
this cross-sectional study as it used data from an anonymous, de-identified, administra-
tive database.

3. Results

The current study describes the secondary diagnoses of a previously published cohort
of de-identified patients [20]. Briefly, the cohort of 9753 VO cases in 2020 consisted of mainly
elderly patients, with 6.066 (62.6%) patients aged 70 years or older and a male/female ratio
of 1.5.

In total, 150.958 secondary diagnoses were documented per 9753 cases in 2020. This
results in 16 secondary diagnoses per case on average. The most common comorbidities
were arterial hypertension (55.6%), type II diabetes (28.9%), and congestive heart failure
(25.9%). Analysis of complications revealed hypokalemia (34.9%) and anemia due to
bleeding (20.9%) followed by spinal abscess (intra- and extradural, 16.5%) to be the most
documented (Table 1).

Table 1. Most common secondary diagnoses for comorbidities and complications in VO cases: Total
numbers and share of all cases in 2020.

Secondary Diagnosis ICD-10 Code [n]
Percentage
of All Cases

C
om

or
bi

di
ty

Arterial Hypertension I10.- 5424 55.6%
Type II diabetes E11.- 2819 28.9%
Congestive heart failure I50.- 2522 25.9%
Atrial fibrillation I48.- 2365 24.3%
Chronic kidney disease N18.1-; N19 2325 23.8%
Coronary arterial disease I25.0; I25.10-.19 1655 17.0%
Hypothyreosis E03.8; -.9 1264 13.0%
Adipositas E66.0-.99 997 10.2%
Malignancy C01; C10.–C97 736 7.6%
Malnutrition E43–E46 559 5.7%
Implant-associated vertebral osteomyelitis T81.4 431 4.4%
Liver cirrhosis K74.6; .-70-72 365 3.7%
Dialysis Z99.2 154 1.6%
Cachexia R64 107 1.1%

76



J. Clin. Med. 2023, 12, 4805

Table 1. Cont.

Secondary Diagnosis ICD-10 Code [n]
Percentage
of All Cases

C
om

pl
ic

at
io

ns

Hypokalemia E87.6 3408 34.9%
Anemia, bleeding D62 2039 20.9%
Spinal abscess G06.1; -.2 1612 16.5%
Urinal tract infection N39.0 1595 16.4%
Pleural infusion J90; J91 1576 16.2%
Acute respiratory insufficiency J96.01; J96.00 1441 14.8%

Acute kidney failure N17.0-; N17.81-3, -9-;
N17.91-3, -9 1185 12.2%

Pneumonia J12.8–J18.9 1066 10.9%
Infectious myositis M60.05 1010 10.4%
SIRS R65.0-.3 980 10.1%
Sepsis A40.1–8; A41.1–9 854 8.8%
COVID-19 U07.1, .2 332 3.4%
Infective Endocarditis I33.0 222 2.3%
Acute liver failure K72.0 59 0.6%

Risk Factors for In-Hospital Mortality

Risk factors for in-hospital mortality were examined and several significant associa-
tions were identified. Patient age was found to have a significant impact on mortality, with
higher age categories showing increased risk (65 years and older: OR = 1.28; 95% CI 1.14 to
1.44; 75 years or older: OR = 1.57; 95% CI 1.39 to 1.78; 80 years or older: OR = 1.81; 95% CI
1.58 to 2.08; all p < 0.01) (Figure 1).

Figure 1. The in-hospital mortality odds ratio for epidemiological factors. * indicates p < 0.05.

Specific comorbidities were also significantly correlated with inpatient mortality. Heart
failure was identified as a high-risk factor (OR = 2.80; 95% CI 2.45 to 3.20; p < 0.01), as
well as chronic kidney disease (OR = 1.83; 95% CI 1.57 to 2.13; p < 0.01). Diabetes with
complications (OR = 1.86; 95% CI 1.46 to 2.38; p < 0.01) and liver failure (OR = 42.41; 95% CI
23.47 to 76.62; p < 0.01) were also notable risk factors for in-hospital death. Anemia showed
a significant increase in mortality risk (OR = 2.14; 95% CI 1.84 to 2.49; p < 0.01) (Figure 2).
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Figure 2. In-hospital mortality odds ratio for comorbidities. * indicates p < 0.05.

Interestingly, despite their relatively low prevalence (cachexia: 1.10%, malnutrition:
5.73% of all cases), cachexia (OR = 2.00; 95% CI 1.11 to 3.59; p = 0.123) and malnutrition
(OR = 2.27; 95% CI 1.76 to 2.94; p < 0.01) were associated with a significantly increased risk
of mortality. In contrast, obesity had a negligible effect on in-hospital mortality (OR = 1.02;
95% CI 0.78 to 1.33; p = 0.999).

Among the complications, acute liver failure showed the highest risk for in-hospital
mortality (OR = 42.41; 95% CI 23.47 to 76.62; p < 0.01). Additionally, stage III kidney
failure (OR = 9.81; 95% CI 7.96 to 12.08; p < 0.01), sepsis (OR = 5.94; 95% CI 5.02 to 7.03;
p < 0.01), acute respiratory failure (OR = 5.31; 95% CI 4.61 to 6.12; p < 0.01), and systemic
inflammatory response syndrome (SIRS) (OR = 5.19; 95% CI 3.69 to 5.19; p < 0.01) were
associated with in-hospital mortality (Figure 3).

Figure 3. In-hospital mortality odds ratio for complications, logarithmically scaled. * indicates
p < 0.05.
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Information about coded pathogens in the current population has been published previ-
ously [20]. Briefly, pathogens were documented in 77.8% of the cases, with “other/unspecified
staphylococci”, E. coli, S. aureus, and streptococci being most prevalent. When analyzing the
influence of pathogens, documented infection with Pseudomonas aeruginosa had the highest
risk of mortality (OR = 2.74; 95% CI 2.07 to 3.63; p < 0.01), followed by Streptococci, Escherichia
coli, and Staphylococcus aureus infections. (Figure 4A). Antimicrobial resistance codes were
present in 12.9% of these cases, predominantly among gram-positive pathogens [20]. Overall,
the presence of any resistant pathogen increased mortality risk (OR = 1.58; 95% CI 1.27 to
1.96; p < 0.000). Among gram-negative pathogens, a significant increase in mortality risk was
observed (OR = 1.92; 95% CI 1.32 to 2.78; p = 0.004). Similarly, gram-positive pathogens also
showed a significant association (OR = 1.78; 95% CI 1.37 to 2.32; p < 0.000). Pseudomonas aerugi-
nosa with multidrug-resistance excluding carbapenems (3MRGN), although not statistically
significant (OR = 2.8; 95% CI 1.16 to 6.73; p = 0.120), and glycopeptide antibiotic-resistant
Enterococcus faecium (E. faecium) (OR = 2.33; 95% CI 1.68 to 3.24; p < 0.000) were associated
with elevated mortality risk. However, Methicillin-resistant Staphylococcus aureus (MRSA) and
E. coli 3MRGN did not show a significant impact on mortality (p > 0.05 for both, Figure 4B).

(A) 

(B) 

Figure 4. (A) In-hospital mortality odds ratio for coded pathogen. STAU = S. aureus. * indicates
p < 0.05. (B) In-hospital mortality odds ratio for coded pathogen with antimicrobial resistance.
* indicates p < 0.05.

4. Discussion

4.1. The Risk Factors for Mortality after VO

Associated risk factors for mortality after VO were examined in this nationwide
evaluation analysis. As anticipated and previously reported, the risk of mortality increased
with age, with patients aged 80 years or older having an odds ratio (OR) of 1.81 [21,22].
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Additionally, secondary diagnoses contributing to frailty were associated with an increased
risk. Liver cirrhosis (OR = 4.32), congestive heart failure (OR = 2.80), and the need for
kidney dialysis (OR = 2.54) presented as the highest risk factors. Interestingly, obesity did
not show an elevated risk in our analysis (OR = 1.02), whereas malnutrition (OR = 2.27)
and cachexia (OR = 2.00) were associated with increased risk. In contrast to risk analyses
reported by Vettivel et al. [21], the location or multiple levels of vertebral osteomyelitis
(VO) were not identified as relevant risk factors in our study.

In a recent retrospective analysis of 155 patients with pyogenic VO, the in-hospital
mortality rate was 12.9% [6]. Septic symptoms were observed in 21.9% of the patients.
Yagdiran et al. reported 1- and 2-year mortality rates of 20% and 23%, respectively [23].
Vettivel et al. conducted a single-center study on 76 patients with pyogenic VO and reported
a mortality rate of 5.2% at 30 days and 22.3% at 1 year. They identified the presence of
frailty (OR = 13.62) and chronic renal failure (OR = 13.40) as risk factors for elevated 30-day
mortality [21]. These findings closely resemble the current results, which encompassed the
entirety of hospitalized patients.

Complications associated with in-hospital mortality include liver failure (OR = 42.41)
and stage III acute kidney failure (OR = 9.81). Additionally, infectious complications such as
endocarditis, pleural effusion, and systemic inflammatory response syndrome (SIRS) were
significant factors. The presence of sepsis resulted in an odds ratio of 5.94 for in-hospital
mortality. It is estimated that the global mortality rate for in-hospital-treated sepsis is
approximately 25% for sepsis and 35% for severe sepsis at 30 days [24,25]. Sepsis-associated
acute kidney injury is a common complication in critically ill patients and is associated with
high morbidity and mortality [26,27]. Conversely, acute kidney injury has been identified as
a risk factor for sepsis and its adverse outcomes [28]. Similarly, acute and acute-on-chronic
liver failure have a negative impact on the prognosis of sepsis and serve as independent
predictors of mortality in the intensive care unit [29–31]. There is limited evidence regarding
organ failure as a risk factor for mortality in vertebral osteomyelitis (VO). This evaluation,
to the best of our knowledge, identifies chronic and acute kidney and liver diseases and
failure as significant risk factors for in-hospital mortality.

Apart from Staphylococcus aureus infections (OR = 1.44), the presence of gram-
negative pathogens was associated with higher mortality. Specifically, Pseudomonas
aeruginosa infection was identified as a relevant risk factor (OR = 2.74). The current
results underscore the challenge that antimicrobial resistance poses in VO management.
Particularly, Pseudomonas aeruginosa 3MRGN (OR = 2.80) and glycopeptide antibiotic-
resistant Enterococcus faecium (OR = 2.33) showed a substantial contribution to mortality
risk, stressing the importance of considering local resistance patterns in empirical antibiotic
therapy for VO. These findings emphasize the need for tailored antibacterial strategies and
antibiotic stewardship in tackling resistant pathogens in VO, as previously suggested [6].
In a retrospective analysis of 344 cases, Kang et al. found that patients with pyogenic
spondylitis caused by gram-negative pathogens had a higher frequency of severe sepsis
(24.2% vs. 11.3%), but the mortality rate did not significantly differ compared to infections
with gram-positive pathogens (6.0% vs. 5.2%) [32].

Our results suggest that VO patients with chronic organ diseases should be closely
monitored, and early detection and treatment of sepsis are crucial [33]. One possible
approach could be the implementation of broad empirical antibiotic treatment tailored to
local pathogens in this at-risk group, including cases of culture-negative VO. Identifying
the specific pathogen and conducting antibiotic susceptibility testing are essential and
should be pursued in all cases [34,35].

4.2. Strengths and Limitations

One notable strength of this epidemiological evaluation is its utilization of registry
data comprising ICD-10 diagnosis codes from all medical institutions in Germany. The
availability of these datasets facilitated a univariate analysis of risk factors for in-hospital
mortality rates. The findings of this study should be interpreted within the scope of its
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limitations. In general, registry studies are commonly not accepted by design to allow
causative relationships to be made. The limitations of our study include the inherent
challenges of coding, which constrains the precise identification of certain pathogens,
beyond the given ICD-10 codes. Further, the assessment of one-year or long-term mortality
was not feasible. It is important to note that only inpatient data were accessible, and
the detailed analysis focused solely on primary diagnoses. Additionally, this analysis
does not provide information on treatment modalities such as surgery or antimicrobial
therapy, thus precluding their consideration in the risk analysis. A significant limitation
of this study is the lack of information regarding the administration of antimicrobials to
patients. The ICD-10-based dataset does not capture specific therapeutic interventions,
including antimicrobial use. This constraint precludes the assessment of the potential
impact of antimicrobial administration on patient outcomes. Therefore, it is important
to carefully interpret the data and consider alternative approaches to such prospective
studies to gain a deeper understanding of the association between the tested risk factors
and in-hospital mortality.

5. Conclusions

This analysis identified several comorbidities and complications as potential risk fac-
tors for elevated in-hospital mortality in pyogenic VO cases on a national scale. Advanced
age, secondary diagnoses contributing to frailty, and specific comorbidities such as liver
cirrhosis, congestive heart failure, and the need for kidney dialysis were identified as signif-
icant risk factors. Notably, obesity did not show an increased risk, while malnutrition and
cachexia were associated with higher mortality rates. The presence of sepsis, gram-negative
pathogens, particularly Pseudomonas aeruginosa infection, and acute kidney and liver failure
were also associated with increased mortality. These findings emphasize the importance of
closely monitoring VO patients with chronic organ diseases, early detection and treatment
of sepsis, and tailored empirical antibiotic therapy. The identification of specific pathogens
and antibiotic susceptibility testing should be prioritized to improve patient outcomes in
this high-risk population, mainly geriatric patients.
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Abstract: Although recent diagnostic and management methods have improved the prognosis of
cervical epidural abscesses, morbidity and mortality remain significant. The purpose of our study is
to define the clinical presentation of cervical spinal epidural abscess, to determine the early clinical
outcome of surgical treatment, and to identify the most effective diagnostic and treatment approaches.
Additionally, we analyzed studies regarding cervical epidural abscesses and performed a review of
the literature. In this study, four patients with spinal epidural abscess were included. There were
three men and one woman with a mean age of 53 years. Three patients presented with motor deficits,
and one patient was diagnosed incidentally through spinal imaging. All the patients had fever, and
blood cultures were positive. Staphylococcus aureus was the most common organism cultured from
abscesses. All patients underwent a surgical procedure, and three patients recovered their normal
neurological functions, but one remained with mild neurological disability that was resolved two
years postoperatively. The mean follow-up period was 12 months, and no deaths occurred in this
series. Furthermore, we identified 85 studies in the literature review and extracted data regarding the
diagnosis and management of these patients. The timely detection and effective management of this
condition are essential for minimizing its associated morbidity and mortality.

Keywords: cervical spinal epidural abscess; surgery; treatment; outcome

1. Introduction

Spinal epidural abscess (SEA) is an infection characterized by the accumulation of
purulent material in the space between the dura mater and the osseoligamentous confines
of the spinal canal [1,2]. It is an unusual disorder, and in a review carried out by Darouiche
et al., the prevalence rate varied from 0.18 to 1.96 per 10,000 admissions in hospitals [3].
Despite recent improvements in the diagnosis and treatment of SEA, the mortality rate is
still high, ranging from 4.6% to 31% [4].

Spinal epidural abscess has a peak incidence in the sixth and seventh decades of
life [5]. When all large series are considered, male predominance is 2:1 [6]. Predisposing
systemic conditions include diabetes mellitus, intravenous drug abuse, renal disease, al-
coholism, HIV infection, malignancy, morbid obesity, long-term corticosteroid use, and
septicemia [7,8]. Local conditions that predispose an individual to epidural space in-
fection include recent spine trauma, spinal surgery, and intrathecal injection or catheter
placement [9].

The responsible pathogens are identified through blood cultures or cultures taken
during surgery. Of the microorganisms shown to be causative agents of spinal epidural
abscesses, Staphylococcus aureus is the most prevalent [10]. The infection is often caused
by Streptococcus species, which are the second most frequently isolated bacteria. Although
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less common in general, Gram-negative bacilli are frequently isolated from intravenous
drug abusers [11]. Mycobacterium tuberculosis, fungal species, and parasitic organisms are
rare causes of spinal epidural abscess, especially without associated vertebral osteomyelitis.
In some patients, cultures are sterile, and the infecting organism cannot be identified. The
mainstay of treatment for spinal epidural abscess is early diagnosis followed by surgical
debridement and intravenous antibiotics [12].

Although detection can occur at any level of the spine, epidural abscess in the cervical
spine is rare. The incidence of spinal epidural abscess affecting the cervical spine is observed
in only 18% to 36% of SEA cases, which is lower than the occurrence in the lumbar or
thoracic spine [6]. Despite its lower prevalence, cervical SEA is consistently associated
with worse neurological functional outcomes and a higher risk of morbidity and mortality.
These findings suggest that the cervical location presents a unique pathology compared
to infections in the thoracic or lumbar regions, potentially influenced by factors such as
dynamic motion and the presence of the cervical spinal cord [11].

The optimal treatment for cervical epidural abscesses remains controversial. Therefore,
the purpose of our study is to define the clinical presentation of cervical spinal epidural
abscess in a case series and to determine the early clinical outcome of surgical treatment.
Also, we conducted a systematic review of the existing literature related to cervical epidu-
ral abscesses.

2. Materials and Methods

In this study, four patients with cervical spinal epidural abscess (CSEA) underwent
surgical treatment in our department. There were three men and one woman. Their ages
varied from 23 to 68 years, and the average age was 53 years.

Three patients presented with motor deficits, and one patient presented incidentally
upon spinal imaging. Two patients had involvement of the anterior column of C2–C4, one
patient had involvement of C1–C5, and another patient had involvement of C2–C5. All the
patients had fever. The time between the appearance of clinical symptoms and surgical
treatment was 14 days on average. The median time from admission to surgery was 72 h.

We identified predisposing factors to the development of the infection in two patients.
Diabetes mellitus was present in one case and abuse of venous drugs in another.

The infectious agent was identified in all patients through cultures during surgery.
Staphylococcus aureus was the predominant germ. Anteroposterior and lateral cervical
spine radiographs and Gadolinium-enhanced magnetic resonance imaging (Gd-MRI) were
performed in all patients (Figures 1 and 2). In all patients, the lesion was located in the
anterior column.

Figure 1. (a) Preoperative magnetic resonance imaging (MRI) sequence T2 lateral view. There
is a cervical epidural abscess within the spinal canal below the posterior longitudinal ligament
extending from C1 to C5, deformation of the signal of the spinal cord due to an inflammatory reaction.
(b) Preoperative magnetic resonance imaging (MRI) sequence T2 axial view. The presence of a
pathological cavity below the posterior longitudinal ligament is observed, causing compression of
the thecal sac. (c) Preoperative magnetic resonance imaging (MRI) sequence T1 lateral view.
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Figure 2. The patient underwent surgical intervention with decompression of the thecal sac. The
first procedure was performed using an anterior approach, during which the affected vertebral
bodies of C4 and C5 were removed and decompression of the thecal sac was carried out. A titanium
cylinder was placed, and anterior stabilization was completed with a plate. Anteroposterior and
lateral radiographs.

All patients underwent decompression under general anesthesia with partial or total
corpectomy and fusion using an anterior or posterior approach, debridement, biopsy, and
cultures (Figures 3 and 4). Postoperative immobilization with hard cervical orthosis was
performed. Intravenous antibiotic therapy was used for 4–6 weeks.

 
Figure 3. Postoperative magnetic resonance imaging, sagittal and axial views. The presence of a
titanium mesh cage and dilation of the spinal cord sac are observed.

In addition, a literature review was conducted on the PubMed database, using the
search terms “cervical epidural abscess” and “surgical treatment” up to December 2022.
Two reviewers screened the initial search results and selected studies for review based on
the following inclusion criteria: free full text, case reports and case series, English language,
adult patients, and studies on humans. Studies were excluded from this review, due to the
following exclusion criteria: no English language, full text unavailable, studies on animals,
studies on pediatric patients, and inability to determine patients suffering from cervical
abscesses from other locations in the same study.
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Figure 4. Literature search and flowchart.

The data that were abstracted from each study were: author, date of publication,
total number of patients, gender, age, the level of abscess, pathogen, treatment, outcome,
laboratory results, risk factors and previous history, and the presence of spondylodiscitis or
an isolated epidural abscess.

3. Results

The mean follow-up period of our patients was 12 months (range: 8–18 months). All
patients were included in the postoperative evaluation. Three out of the four patients
returned to their previous functional status and daily activities fully three months after
surgery. In one case, a neurologic deficit was persistent. The patient experienced bilateral
upper limb numbness for two years postoperatively, along with muscle weakness graded
at 4/5 on the left side and 3.5/5 on the right side. Full recovery was achieved two years
postoperatively. Major complications were not observed in any of the patients. There were
no deaths in this series, but two cases developed dysphagia, which was resolved without
therapy after two weeks (Table 1).

The literature research initially revealed 688 articles related to the term ”cervical
epidural abscess”. The full text was available for 211 studies; of those, 208 were written in
English. There were 91 referred articles referring to the adult population. We then excluded
reviews and metanalyses, and only case series and case reports were included. Thus, a total
of 85 studies were included in this review.

87



J. Clin. Med. 2023, 12, 4509

Table 1. Data of our cases.

Patients Age Gender Level Microorganism Treatment Symptoms Outcome Risk Factors

1 23 M C2–C4 Staphylococcus
aureus

Debridement
and fusion

Fever, pain,
numbness, and
muscle weakness
bilaterally

Full recovery,
dysphagia for 2
weeks postop

Abuse of venous
drugs

2 68 M C2–C4 Staphylococcus
aureus

Debridement
and fusion

Fever, pain,
numbness, and
muscle weakness
bilaterally

Full recovery Diabetes mellitus

3 56 F C1–C5 Staphylococcus
aureus

Debridement
and fusion

Fever, pain,
numbness, and
muscle weakness
bilaterally

Full recovery 2
years post op,
muscle weakness

4 69 M C2–C5 Staphylococcus
aureus

Debridement
and fusion

Incidentally
upon spinal
imaging

Full recovery,
dysphagia for 2
weeks postop

The total number of patients included was 209—140 males and 69 females. The mean
patient age was 56.2 years old, ranging from 23 to 87. Table 1 demonstrates the patients’
features from each study. Regarding the level of abscess, it was more often observed at
C1–C2 and at C5–C6. The most common pathogen was Staphylococcus aureus, observed
in 100 cases (30 MRSA and 33 MSSA) (47.9%). Other pathogens that caused cervical
abscesses were Streptococcus (5.7%), brucellosis (4.7%), E. coli (3.3%), Pseudomonas (1.9%),
Klebsiella (1.4%), Enterococcus, Proteus, and Mycobacterium tuberculosis. The patients pre-
sented with symptoms including fever, neck pain, numbness, and weakness of the upper
limbs. Twenty-five patients (11.9%) had no neurological deficit on admission, although
nineteen had quadriparesis (9%). However, most of the patients underwent surgical man-
agement, such as corpectomy, fusion, drainage, and decompression, and only 14 patients
received conservative treatment (6.6%). The most commonly mentioned risk factors were
diabetes mellitus, drug abuse, renal disorder, previous surgical procedures, and dairy
product consumption (Table 2).
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4. Discussion

Spinal epidural abscess is a rare condition that can result in significant morbidity and
mortality if not diagnosed and treated in a timely manner [95]. The distinction between
acute and chronic disease based on the presence of pyogenic abscess or granulation tissue
formation is controversial among authors [96]. The disease can be classified into three
phases: acute, subacute, and chronic, and the onset of symptoms usually occurs within
hours to days but can also present with a more chronic course over weeks to months [97].

CSEA is most commonly caused by the hematogenous spread of bacteria from a
localized infection elsewhere in the body, particularly the skin [97]. In some cases, the
source of bacteremia is unknown. Local infections such as spondylitis or paravertebral
abscess can also spread to the epidural space, while direct contamination from a penetrating
wound or medical procedure can also be a cause of infection. Staphylococcus is the most
commonly isolated organism in CSEA, as reported in earlier studies including our review
which found it in 47.9% of cases [6]. The onset of symptoms in CSEA may be acute, subacute,
or chronic, and can occur within hours to days or over weeks to months. Early diagnosis
and prompt treatment are crucial to prevent high morbidity and mortality associated
with SEA.

The incidence of spinal epidural abscess varies depending on the affected segment of
the spine. While some authors report the lumbar spine as the most frequent site, others
suggest a higher incidence in the thoracic segment. The cervical spine is the least commonly
affected, with cases typically associated with spinal osteomyelitis [98]. In a study by
Ghobrian et al, C4-C5 was the most common level of involvement in 59 patients with
cervical spondylodiscitis who underwent surgical treatment, and they observed that the
duration between symptom onset and surgery was a critical factor in the final outcome [57].
Patients with cervical epidural abscess often present with neck pain, fever, difficulty rotating
the neck, and neurological deficits. Inflammatory markers such as WBC, ESR, and CRP
can support diagnosis. Surgical treatment is strongly indicated in cases of conservative
treatment failure, persistent symptoms, presence or deterioration of neurological deficits,
spinal instability, abscess larger than 2.5 cm, ischemia or compression, deformities such
as kyphosis or scoliosis, and sepsis [99]. In most studies included in the review, surgical
treatment and debridement were the preferred options [100,101].

Differential diagnoses of an epidural abscess include spondylosis or degenerative
disk syndromes, epidural hematoma, leptomeningeal carcinomatosis, metastatic disease
to the spine, spinal cord hemorrhage or infarction, subdural hematoma or empyema,
HIV-1-associated myelopathy, tropical myeloneuropathies, vitamin B-12-associated neu-
rological diseases, and alcohol-related neuropathy [102]. Early surgical treatment is rec-
ommended over antibiotics alone, according to a study by Alton et al, which compared
62 patients with conservative treatment failure [56]. Tuberculous abscesses have a longer
prodrome, frequently lack of leukocytosis and fever, and typically affect younger patients.
CT-guided puncture is indicated if conservative treatment is being considered, although
there is an additional risk of iatrogenic infection [103]. During the literature review, we
found that patients with cervical spinal epidural abscesses due to brucellosis underwent
conservative treatment with antibiotics without surgical intervention and achieved favor-
able outcomes [50,71,74,85].

Magnetic resonance imaging (MRI) is the preferred diagnostic tool for SEA due to
its high sensitivity and specificity [7,18,23,26]. The typical MRI findings include a lesion
with mass effect and hyper-intense signal on T1-weighted images, which enhances with
Gadolinium injection and a nonhomogeneous and hyper-intense signal on T2-weighted
images [104].

Surgical intervention is strongly indicated in cases of neural compression, spinal
instability, or failure to obtain a satisfactory culture of the infecting organism [11,56]. The
procedure typically involves a decompressive laminectomy, drainage of the abscess, and
complete debridement of infected tissues. After surgery, patients are usually prescribed
antimicrobial therapy for 4 to 6 weeks to prevent recurrence of the infection [11]. Timely
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diagnosis and management of spinal epidural abscess is critical for improving patient
outcomes. Delayed diagnosis and treatment can lead to disease progression, exacerbation
of neurological deficits, and increased mortality risk. Research has demonstrated that the
duration between symptom onset and surgical intervention is a critical determinant of the
final outcome [56]. Therefore, it is crucial to maintain a high level of suspicion regarding
SEA in patients with risk factors and to promptly conduct appropriate diagnostic tests and
start treatment.

Our patients presented with typical clinical symptoms, including neck pain, fever, and
neurological deficits. Diagnosis was confirmed in all cases through magnetic resonance
imaging (MRI). From the literature review, it is evident that surgical treatment is preferred
in such cases. In two cases, we identified predisposing factors for the development of
the infection. One patient had diabetes mellitus, while the other had a history of venous
drug abuse.

Early diagnosis and treatment are critical for optimal outcomes in patients with CSEA.
By identifying the factors that contribute to early diagnosis and appropriate management,
healthcare providers can improve patient outcomes and reduce the risk of complications. This
can include implementing screening protocols for high-risk patients, increasing awareness
and education among healthcare providers, and promoting timely referral and consultation
with specialists.

5. Conclusions

It is important to maintain a high index of suspicion for CSEA in patients with risk
factors and relevant symptoms. Early diagnosis is crucial for a better prognosis and the
most effective treatment is still immediate surgical drainage of the abscess combined with
antibiotics. The limited number of studies in this review highlights the need for further
research to establish stronger recommendations for the treatment of CSEA. Overall, timely
diagnosis and management are critical in reducing the morbidity and mortality associated
with this condition.
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Abstract: Background: the successful treatment of spondylodiscitis (SD) and isolated spinal epidural
empyema (ISEE) depends on early detection of causative pathogens, which is commonly performed
either via blood cultures, intraoperative specimens, and/or image-guided biopsies. We evaluated
the diagnostic sensitivity of these three procedures and assessed how it is influenced by antibiotics.
Methods: we retrospectively analyzed data from patients with SD and ISEE treated surgically
at a neurosurgery university center in Germany between 2002 and 2021. Results: we included
208 patients (68 [23–90] years, 34.6% females, 68% SD). Pathogens were identified in 192 cases (92.3%),
including 187 (97.4%) pyogenic and five (2.6%) non-pyogenic infections, with Gram-positive bacteria
accounting for 86.6% (162 cases) and Gram-negative for 13.4% (25 cases) of the pyogenic infections.
The diagnostic sensitivity was highest for intraoperative specimens at 77.9% (162/208, p = 0.012) and
lowest for blood cultures at 57.2% (119/208) and computed tomography (CT)-guided biopsies at
55.7% (39/70). Blood cultures displayed the highest sensitivity in SD patients (SD: 91/142, 64.1% vs.
ISEE: 28/66, 42.4%, p = 0.004), while intraoperative specimens were the most sensitive procedure in
ISEE (SD: 102/142, 71.8% vs. ISEE: 59/66, 89.4%, p = 0.007). The diagnostic sensitivity was lower in
SD patients with ongoing empiric antibiotic therapy (EAT) than in patients treated postoperatively
with targeted antibiotic therapy (TAT) (EAT: 77/89, 86.5% vs. TAT: 53/53, 100%, p = 0.004), whereas
no effect was observed in patients with ISEE (EAT: 47/51, 92.2% vs. TAT: 15/15, 100%, p = 0.567).
Conclusions: in our cohort, intraoperative specimens displayed the highest diagnostic sensitivity
especially for ISEE, whereas blood cultures appear to be the most sensitive for SD. The sensitivity of
these tests seems modifiable by preoperative EAT in patients with SD, but not in those with ISEE,
underscoring the distinct differences between both pathologies.

Keywords: spondylodiscitis; isolated spinal epidural empyema; diagnostic sensitivity; blood culture;
intraoperative specimen; computed tomography-guided biopsy

1. Introduction

Spondylodiscitis (SD) and isolated spinal epidural empyema (ISEE) are common types
of primary spinal infections that are challenging to treat [1–3]. The reported incidence in
the literature is five to six cases per 100,000 patient-years, but recent data suggests a higher
incidence of 30/250,000 [4]. ISEE is an isolated infection of the epidural space with the
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accumulation of purulent substance without a concurrent SD, while SD refers to a primary
infection of the intervertebral disc with secondary osteomyelitis of the adjacent endplates
that occasionally occurs with epidural empyema [5,6].

Standardized treatment guidelines for SD and ISEE are currently lacking [7,8]. Surgi-
cal treatment followed by conservative management with antibiotic therapy takes several
weeks and months for patients to recover. However, inadequate antibiotic therapy during
this period can increase patient morbidity [9]. Reliable diagnostics including pathogen
detection with antibiogram resistogram are indispensable for infection treatment. Three
procedures are available for isolating causative pathogens, including blood cultures, intra-
operative specimens, and computed tomography (CT)-guided biopsies.

Some studies suggest that blood cultures can yield early positive results due to
hematogenous spreading of the infection, in particular in patients with SD [10]. To minimize
a contamination, blood cultures need to be withdrawn from two or three different sites [11].
At least three pairs of blood cultures (aerobic and anaerobic culture medium) should be
collected before the initiation of antibiotic therapy, irrespective of febrile temperatures [12].
This allows the isolation of a causative pathogen in up to 37.5% of cases [13].

Intraoperative sampling on site of the infectious focus is considered the most sensitive
and specific method for pathogen detection [14]. CT-guided biopsy is an additional option
to isolate pathogens, especially in cases when abscess formations such as psoas abscesses are
visible on diagnostic imaging. However, the sensitivity of each procedure is limited when
performed alone, whereas a combination of these procedures can increase the likelihood of
successful pathogen detection [15,16].

In case of severe infections, empirical antibiotic therapy (EAT) is usually initiated
preoperatively and then switched to targeted antibiotic therapy (TAT) after the causative
pathogen has been identified, based on resistogram. Other cases are initially managed with
TAT according to the resistogram [4].

A few studies have reported on the diagnostic sensitivity of these three procedures for
SD and ISEE [12,17]. However, the impact of ongoing EAT on pathogen detection in SD
and ISEE has not been thoroughly addressed. Therefore, this retrospective study aims to
assess the diagnostic sensitivity of the three procedures and evaluate the influence of prior
EAT on outcomes.

2. Materials and Methods

2.1. Study Design and Patient Data

A retrospective observational study was performed on a cohort of 208 consecutive
patients with SD and ISEE who underwent surgical treatment at our neurosurgery de-
partment from 2002 to 2021. All surgically treated patients with SD or ISEE aged over
18 years and without intradural infection were included. The study was approved by the
local ethics committee of Dresden university hospital (Reference number BO-EK-17012022).
Patient data were identified and extracted via review of electronic medical records using
the ORBIS system (ORBIS, Dedalus, Bonn, Germany) and neuroimaging files through
the IMPAX system (IMPAX, Impax Asset Management Group plc, London, UK). Detailed
demographic, clinical, radiological, laboratory and microbiological analyses were evaluated
between groups.

2.2. Clinical Management

The diagnosis of SD or ISEE was obtained according to the Clinical Practice Guidelines
for the diagnosis and treatment of native vertebral osteomyelitis in Adults of the Infectious
Diseases Society of America (IDSA) [18]. Primary treatment was conservative with intra-
venous antibiotics in a conservative external or internal clinic, whereas the patient was
referred to our clinic if surgical treatment was required, e.g., in cases with neurological
deficits, spinal instability, or epidural abscess. Our cohort of 187 patients included surgical
ISEE or SD patients with primary immediate indication for open surgery. Depending
on disease severity, surgical therapy involved abscess evacuation, dorsal decompression
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with/without dorsal interbody fusion, ventral debridement with anterior cervical discec-
tomy and fusion (ACDF), or vertebral body replacement. Surgical decision making was
based on clinical experience and several defined radiographic signs. Patients undergoing
spinal instrumentation had preoperative CT scans to assess bony integrity.

Patients with ISEE were treated with abscess evacuation with/without drainage or
ACDF for abscesses ventral to the cervical spinal cord. Patients with SD underwent either
abscess evacuation or/and instrumentation for instability, deformity, and pain-related
immobility. In case of psoas abscess, drainage was performed CT-guided.

SD patients with a spinal epidural abscess without deformity underwent decompres-
sion with removal of the abscess and vertebral disc with/without dorsal interbody fusion.
If the vertebral body height reduction was less than 50%, dorsal decompression with in-
terbody fusion was performed first, and optionally with secondary ventral debridement
with vertebral body replacement. In cases where vertebral body reduction was more than
50%, dorsal decompression with instrumentation followed by vertebral body replacement
was performed.

2.3. Antibiotic Therapy

Each patient received either TAT or EAT, depending on the clinical condition at the time
of admission and as recommended by the local infectious disease department. Our cohort
included many patients with known infection who were already treated with antibiotics
externally and presented to our clinic for surgical treatment. If antibiotics were continued or
discontinued for less than 48 h, we defined this condition as being under ongoing antibiotic
therapy and called this group EAT, whereas patients without antibiotic therapy or with an
antibiotic-free period of more than 2 days formed the TAT group. EAT was switched to
TAT after the identification of the pathogen. Intravenous antibiotic therapy was switched
to oral antibiotics after approximately 4 weeks, and the total duration of antibiotic therapy
was approximately 8 weeks.

2.4. Methods for Pathogen Detection

Blood cultures were preferably collected from all patients before starting antibiotic
therapy, using three pairs of blood cultures at two or three different peripheral sites (aerobic
and anaerobic media) for microbiological assessment. Some patients presented to our clinic
in a septic condition with ongoing antibiotic therapy, thus blood culture collection in an
antibiotic-free period was not possible, nor was antibiotic suspension justifiable in this case.

Intraoperatively obtained tissue was placed in Schaedler boullions (bioMérieux,
Nürtingen, Germany) directly in the operating room and these were then sent to our
institute of medical microbiology and virology for analysis. There, the boullions were first
incubated at 37 degrees and examined for turbidity after 48 h. Once turbidity was detected,
the culture suspension was plated out on Columbia Blood Agar (bioMérieux, Nürtingen,
Germany) and HCB Agar (bioMérieux, Nürtingen, Germany). Aerobic culture growth was
checked for the first time after 24 h and anaerobic culture growth after another 48 h.

CT-guided biopsy was performed exclusively in case of psoas abscess by the neurora-
diologists or radiologists, whereas paravertebral dorsal abscesses and epidural empyema
were managed during open surgery. All patients received a pre-interventional contrast-
enhanced MRI of the spine and an additional CT for planning. A psoas abscess was always
observed on contrast-enhanced MRI of the spine and classified by the neuroradiologist
or radiologist as a formation with fluid-equivalent signal intensity and biopsy-worthy
formation. An abscess was defined as iso- or hypointense on T1-weighted images, with
fluid-equivalent signal intensity on T2-weighted images, and with edge enhancement on
contrast-enhanced T1-weighted fat-saturated images [19]. Our cohort did not include
CT-guided biopsy of disc, vertebral body, dorsal paravertebral abscess, or epidural abscess.
The approach was chosen based on anatomic considerations and the predominant site
of the infective lesions. The liquefied contents of the abscess were aspirated and sent for
microbiological examination; in addition, a sample was fixed in formalin for pathohisto-
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logical analysis. In our study, 128 patients (61.5%) were diagnosed with psoas abscess, of
which 70 patients (54.7%) were tappable, 50 patients had SD, and 20 had ISEE. Following
CT-guided sampling, all patients received a suction-irrigation drainage system from which
samples were collected two times daily, and the abscess cavity was also irrigated with
gentamycin or vancomycin two times daily, depending on the resistogram. After obtaining
three pathogen-free results from the suction-irrigation drainage samples, the drainage
was removed.

2.5. Microbiological Assessment

Bacteria with high to moderate pathogenic potential that are unlikely to present
as contaminants, such as methicillin-susceptible staphylococcus aureus (MSSA), were
deemed significant if they were detected in at least one culture. However, potentially low
pathogenic bacteria, e.g., cutibacterium, were only considered clinically significant if they
were identified in at least two independent cultures. Cases with negative microbiologic
results, but with clear clinical and radiographic evidence of SD or ISEE, were classified as
positive with non-identified pathogens.

2.6. Case Presentation

This following figure presented a case from our series showing our clinical manage-
ment of spondylodiscitis (Figure 1).

Figure 1. Case presentation demonstrating CT-guided biopsy and surgical management in spondy-
lodiscitis. This figure shows a patient from our cohort who suffered from spondylodiscitis with
concomitant spinal epidural empyema and psoas abscess left; the 74-year-old patient was pretreated
externally with calculated antibiotics (ceftriaxone, flucloxacillin, and metronidazole) and had para-
paresis of the legs and sepsis; risk factors were a BMI greater than 35 kg/m and diabetes mellitus
with chronic malum perforans pedis. Blood cultures were initially obtained from two different
peripheral regions, followed immediately with microsurgical decompression with abscess evacuation
and application of a suction-irrigation drainage system. CT-guided drainage of the psoas abscess was
performed on the first postoperative day, whereas Staphelococcus aureus was detected only in blood
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culture and subsequently treated with flucloxacillin and rifampicin. Due to increasing bone destruc-
tion, transforaminal lumbar interbody fusion (TLIF) was performed at L1/L2, L2/L3, L3/4, and
L4/L5 level. The patient was moved from the intensive care unit to the normal ward and mobilized
at ward level. (A) Preoperative sagittal T1-weighted fat-saturated contrast-enhanced MRI image of
the lumbar spine shows the epidural abscess in the spinal canal at L2–L4 level, marked with arrows.
(B) Preoperative sagittal T2-weighted MRI image, arrows show spondylodiscitis at L1/L2, L2/L3,
L3/L4, and L4/L5 level. (C) preoperative coronal T2-weighted short-tau inversion recovery (T2w-
STIR) MRI image, arrow shows a psoas abscess on the left. (D) Preoperative sagittal reformated
CT image, arrow shows bone destruction mainly at the level of L4/L5. (E1) Preoperative axial
T1-weighted fat-saturated contrast-enhanced MRI image, arrow shows psoas abscess. (E2) Preoper-
ative axial T2-weighted fat-saturated MRI image with arrow pointing to psoas abscess on the left.
(F–H): Illustration of CT-guided puncture of a left psoas abscess in three steps in an axial CT im-
age. (F) Planning CT, (G) needle puncture, and (H) insertion of a suction-irrigation drain. Partially
imaged central venous catheter in the iliac vein (G,H). (I) Postoperative axial CT image showing
the regreening of the psoas abscess after draining the abscess. (J,K) A postoperative lateral (J) and
anteroposterior (K) radiograph after performing TLIF spondylodesis from L1 to L5.

2.7. Statistical Analysis

Data were statistically analyzed with the SPSS software package (SPSS Statistics 28,
IBM, Armonk, New York, NY, USA). Descriptive statistics were used, and categorical vari-
ables were adjusted by Fisher exact tests or chi-square tests where appropriate. Numerical
variables were analyzed with Mann-Whitney U tests. A binomial test was also used. All
statistical tests were two-sided, and a value p < 0.05 was considered statistically significant.
The sensitivity of a method was calculated as follows: S = true positive/(true positive +
false negative) [20].

3. Results

3.1. Demographics and Baseline Characteristics

We enrolled 208 patients (males: 136, 65.4% vs. females: 72, 34.6%, p < 0.001) aged 68
[23–90] y, median [interquartile range] with SD (142, 68.3%) and ISEE (66, 31.7%). Intraoper-
ative specimens and blood cultures were obtained in all cases, while computed tomography
(CT)-guided biopsies were performed in 70 tappable cases (54.7%) of 128 patients with
psoas abscess (61.5%). A causative pathogen was isolated in 192 cases (92.3%), of which
187 cases (97.4%) presented a pyogenic pathogen and five cases (2.4%) a non-pyogenic
pathogen. Gram-positive pathogens were detected in 162 of 187 cases (86.6%), whereas a
Gram-negative pathogen was identified in only 25 cases (13.4%). Empiric antibiotic therapy
(EAT) was initiated preoperatively in 140 patients (67.3%) and switched following pathogen
detection, whereas targeted antibiotic therapy (TAT) was started postoperatively according
to resistogram in 68 patients (32.7%). Twelve patients (6%) died due to the disease and its
complications (Table 1).

Ages, sex, diabetes mellitus, immunosuppression, and obesity are the most known
risk factors in SD and ISEE. In our cohort, diabetes mellitus was observed in 70 patients
(37.4%), while 59 patients (31.6%) had a BMI (body mass index) over 30 kg/m2 and
27 patients (14.4%) were immunosuppressed.

Primary sources of infection were identified in 137 patients (73.3%); however, infec-
tions resulting directly from surgical spine procedures were not included in this study.
We identified 37 skin infections (19.8), 17 infections after epidural application (9.1%),
16 respiratory tract infections (8.6%), nine gastrointestinal tract infections (4. 8%), 13 uri-
nary tract infections (7.0%), eight port-associated infections (4.3%), six retropharyngeal
and prevertebral infections (3.2%), 22 foreign body-associated infections (11.8%), three
endocarditis of prosthetic valves (1, 6%), five odontogenic infections (2.7%), one infection
attributable to immunodeficiency (0.5%), while in 50 patients (26.7%) the cause of infection
remained unclear.
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Table 1. Baseline characteristics.

Baseline Characteristics N = 208 Percentage

Male 136 65.4%

Female 72 34.6%

Age 68 [23–90] y * -

Spondylodiscitis 142 68.3%

Isolated spinal epidural empyema 66 31.7%

Surgery 208 100%

Blood cultures 208 100%

Psoas abscess 128 61.5%

CT-guided biopsy of Psoas 70/128 54.7%

Known causative pathogens 192 92.3%

Unknown causative pathogens 16 7.7%

Pyogenic spinal infection 187/192 97.4%

Non-pyogenic spinal infection 5/192 2.6%

Gram-positive pathogens 162/187 86.6%

Gram-negative pathogens 25/187 13.4%

Empiric antibiotic therapy 140 67.3%

Targeted antibiotic therapy 68 32.7%

Duration of intravenous antibiotics 4 [3–6] w * -

Duration of antibiotics 8 [6–12] w * -

Death 12 5.8%
CT: computer tomography, *: median [interquartile range].

3.2. Diagnostic Sensitivity of Procedures

The highest sensitivity of pathogen detection was achieved using intraoperative
specimens (162/208, 77.9%), followed by blood cultures (119/208, 57.2%) and being lowest
at CT-guided biopsies (39/70, 55.7%, p = 0.012). The diagnostic sensitivity was 92.3%
(192/208) for all procedures combined (Figure 2).

3.3. Diagnostic Sensitivity in SD and ISEE

Blood cultures demonstrated significantly higher diagnostic sensitivity for SD than
for ISEE (SD: 91/142, 64.1% vs. ISEE: 28/66, 42.4%, p = 0.004). In contrast, the diagnostic
sensitivity of intraoperative specimens was significantly higher in ISEE than in SD (SD:
102/142, 71.8% vs. ISEE: 59/66, 89.4%, p = 0.007). On the other hand, no difference in the
sensitivity of CT-guided biopsy between both groups was observed (SD: 28/50, 56.0% vs.
ISEE: 11/20, 55.0%, p = 1.0) (Figure 3).

3.4. Sensitivity under Ongoing Empiric Antibiotic Therapy

The diagnostic sensitivity of all three procedures combined was significantly higher
in SD patients with postoperative TAT than in SD patients with EAT (EAT: 77/89, 86.5%
vs. TAT: 53/53, 100%, p = 0.004). No such effect was observed in patients with ISEE (EAT:
47/51, 92.2% vs. TAT: 15/15, 100%, p = 0.567). Blood cultures, intraoperative specimens and
CT-guided biopsies showed no significant difference in SD and ISEE in terms of sensitivity
to the timing of antibiotic administration (Table 2). Intraoperative specimen showed the
best diagnostic sensitivity in all groups (TAT-SD: 81.1%, TAT-ISEE: 86.7%, EAT-SD: 67.4%,
and EAT-ISEE: 90.2%).
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Figure 2. Sensitivity of blood culture, intraoperative specimen, and CT-guided biopsy. This figure
shows the diagnostic sensitivity of the three procedures in combination and alone. The best results are
obtained when all diagnostic procedures are used together, and the best individual result is achieved
with intraoperative specimens, which are significantly more effective than blood cultures (77.9% vs.
57.2%, p = 0.012). * Binomial test. CT: computed tomography.

Figure 3. Diagnostic sensitivity in spondylodiscitis and isolated spinal epidural empyema. This
figure shows the significant difference between both groups, especially in blood cultures (p = 0.004)
and intraoperative specimens (p = 0.007). No difference was found between both groups concerning
CT-guided biopsies. * Fisher exact test. ISEE: isolated spinal epidural empyema SD: spondylodiscitis,
CT: computed tomography.

3.5. Sensitivity of Single Procedure in SD and ISEE Patient Treated with EAT or TAT

The pathogen could always be isolated in the SD- and ISEE-TAT groups, with blood
culture, intraoperative specimen, and CT-guided biopsy as single procedure showing no
significant difference between SD and ISEE. In contrast, we observed a difference between

110



J. Clin. Med. 2023, 12, 3693

the SD- and ISEE-EAT groups. The diagnostic sensitivity of blood culture alone was higher
in the SD-EAT than in the ISEE-EAT (SD-EAT: 14/89, 18.2% vs. ISEE-EAT: 1/51, 2.1%,
p = 0.010). The ISEE-EAT group showed better sensitivity than SD-EAT for intraoperative
specimen (SD-EAT: 19/89, 24.7% vs. ISEE-EAT: 24/51, 51.1%, p = 0.002). CT-guided biopsy
revealed no difference between the two groups (SD-EAT: 2/89, 2.6% vs. ISEE-EAT: 0/51,
0.0%, p = 0.534) (Table 3).

Table 2. Diagnostic sensitivity under ongoing empiric antibiotic therapy.

Infection Subgroup All Three Procedures Blood Cultures Intraoperative Specimens CT-Guided Biopsies

SD with TAT 53/53 (100%) 35/53 (66.0%) 43/53 (81.1%) 11/22 (50%)

SD with ongoing EAT 77/89 (86.5%) 56/89 (62.9%) 60/89 (67.4%) 17/28 (66.7%)

p-value * 0.004 0.722 0.084 0.568

ISEE with TAT 15/15 (100%) 7/15 (46.7%) 13/15 (86.7%) 4/5 (80%)

ISEE with ongoing EAT 47/51 (92.2%) 21/51 (41.2%) 46/51 (90.2%) 7/15 (46.7%)

p-value * 0.567 0.771 0.653 0.319

ISEE: isolated spinal epidural empyema, SD: spondylodiscitis, CT: computer tomography, EAT: empiric antibiotic
therapy, TAT: targeted antibiotic therapy, *: Fisher exact test. Bold values are significant results (p < 0.05) as
indicated in the methods.

Table 3. Diagnostic sensitivity of single procedures in SD and ISEE patient treated with EAT or TAT.

Procedure of Pathogen Detection
TAT EAT

SD ISEE p-Value * SD ISEE p-Value *

Exclusively blood culture 8/53 (15.1) 2/15 (13.3) 1.0 14/89 (18.2%) 1/51 (2.1%) 0.010

Exclusively intraoperative
specimens 15/53 (28.3) 7/15 (46.7%) 0.218 19/89 (24.7%) 24/51 (51.1%) 0.002

Exclusively CT-guided Biopsy 0/53 (0.0%) 0/15 (0.0%) — 2/89 (2.6%) 0/51 (0.0%) 0.534

More than one procedure 30/53 (56.6%) 6/15 (40.0%) 0.380 42/89 (54.5%) 22/51 (46.8%) 0.725

Unknown pathogens 0 0 12 4

ISEE: isolated spinal epidural empyema, SD: spondylodiscitis, CT: computer tomography, EAT: empiric antibiotic
therapy, TAT: targeted antibiotic therapy, *: Fisher exact test. Bold values are significant results (p < 0.05) as
indicated in the methods.

3.6. The First Result of Detected Pathogen in SD and ISEE Treated with EAT or TAT

The first result of pathogen detection from blood culture, intraoperative specimen,
and CT-guided biopsy showed no significant differences between SD and ISEE treated with
TAT, but pathogens were always detected. The result of the first pathogen isolation in the
EAT group was different between ISEE and SD. Blood culture in SD (SD-EAT: 50/89, 64.9%
vs. ISEE-EAT: 18/51, 38.3%) and intraoperative specimen in ISEE (SD-EAT: 24/89, 31.2%
vs. ISEE-EAT: 28/51, 59.6%, p = 0.008) played the most important role. CT-guided biopsy
showed no differences between the two groups (SD-EAT: 3/89, 3.9% vs. ISEE-EAT: 1/51,
2.1%) (Table 4).

3.7. The role of Each Procedure in Pathogen Detection in Both Entities

To determine which procedure as stand-alone was able to detect the most pathogens,
we analyzed pathogen detection for all procedures in both subgroups, considering each
procedure separately and in combination with others.
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Table 4. The first result of detected pathogen in SD and ISEE treated with EAT or TAT.

Procedure of First Pathogen
Detection

TAT EAT

SD ISEE p-Value * SD ISEE p-Value *

Blood culture 31/53 (58.5%) 6/15 (40%)

0.340

50/89 (64.9%) 18/51 (38.3%)

0.008Intraoperative specimens 21/53 (39.6%) 8/1 (53.3%) 24/89 (31.2%) 28/51 (59.6%)

CT-guided Biopsy 1/53 (1.9%) 1/15 (6.7%) 3/89 (3.9%) 1/51 (2.1%)

Unknown pathogens 0 0 12 4

ISEE: isolated spinal epidural empyema, SD: spondylodiscitis, CT: computer tomography, EAT: empiric antibiotic
therapy, TAT: targeted antibiotic therapy, *: Fisher exact test. Bold values are significant results (p < 0.05) as
indicated in the methods.

3.7.1. Spondylodiscitis

A quarter of pathogens were detected exclusively by intraoperative specimens (34/130,
26.2%), while 16.9% (22/130) were identified solely by blood cultures (p < 0.142). Only 1.5%
(2/130) were detected by CT-guided biopsy. Over half of the pathogens (72/130, 55.4%)
were found in more than one procedure (Figure 4).

Figure 4. Pathogen detection in spondylodiscitis. This diagram shows in which procedures pathogens
were detected in spondylodiscitis patients. There were 142 patients in total. Pathogens were detected
in 130 patients. * Binomial test.

3.7.2. Isolated Spinal Epidural Empyema

Half of the pathogens (31/62, 50%) were exclusively detected by intraoperative speci-
mens, while only 4.5% (3/62) were detected by blood cultures (p < 0.001) and none were
detected by CT-guided biopsy. Less than half of the pathogens were detected in more than
one procedure (28/62, 45.2%) (Figure 5).

3.8. The First Result of Antibiogram and Resistogram from All Procedures

The time required to detect pathogens in blood cultures from blood and for intraop-
erative specimens from pus, tissue, or bone is different. In clinical practice, the results
of all procedures (CT-guided biopsy, intraoperative specimen, and blood culture) are not
available at the same time to the physician performing the procedure, however, the first
result is the most important and provides the antibiogram and resistogram for initiating
and switching antibiotic therapy. In this context, the comparison between intraoperative
specimen and blood culture is relevant, since both procedures were performed on the same

112



J. Clin. Med. 2023, 12, 3693

day in our center. There is a predicted delay in CT-guided biopsy, which was usually
performed one or two days after surgery.

Figure 5. Pathogen detection in isolated spinal epidural empyema. This figure demonstrates
the procedures used to detect the pathogens in epidural empyema patients. In total, there were
66 patients. Pathogens were detected in 62 patients. * Binomial test.

3.8.1. Spondylodiscitis

The first results were obtained in 62.3% (n = 81) from blood cultures, in 34.6% from
intraoperative specimens (n = 45) and in 3.1% (n= 4) from CT-guided biopsies (p < 0.001)
(Figure 6).

Figure 6. The first result of detected pathogen in spondylodiscitis. This diagram shows the first result
of detected pathogen in Spondylodiszitis (SD) patients. * Binomial test.
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3.8.2. Isolated Spinal Epidural Empyema

The first results (36 cases) were obtained from intraoperative specimens in 58.1%, from
blood cultures in 38.7% (n = 24) and from CT-guided biopsies in 3.2% (n = 2) (p < 0.001)
(Figure 7).

Figure 7. The first result of detected pathogen in isolated spinal epidural empyema. This dia-
gram reveals the first pathogen detection in isolated spinal epidural empyema (ISEE) patients.
* Binomial test.

4. Discussion

The main finding of our retrospective observational study is that intraoperative spec-
imens demonstrate the highest diagnostic sensitivity for ISEE, whereas blood cultures
show superior sensitivity in detecting pathogens in patients with SD. Interestingly, ongoing
antibiotic treatment only affected the sensitivity of these tests in SD patients, with no
significant effect on diagnostic yield in ISEE.

Consistent with previous studies, male patients were diagnosed with SD and ISEE
twice as often as females in our cohort [5,16]. Gram-positive pathogens were identified
in 86.6% of pyogenic infections, which is in line with the literature data ranging from 74
to 82% [21–23]. Our antibiotic management was based on the IDSA guidelines [18]. The
mortality rate in our cohort was 6%, which is comparable to previous studies [16]. Moreover,
our pathogen detection rate of 92.3% using all three diagnostic procedures combined is in
accordance with the results of previous observational studies that detected pathogens in
67% and 100% of cases [4,16,24,25]. Authors have reported divergent diagnostic sensitivity
of blood culture, image-guided biopsy, and intraoperative specimen for SD and ISEE
(Table 5) [4,12,16,17,25–36].

The diagnostic sensitivity of blood cultures in SD and ISEE patients varies widely from
30% to 78% according to previously published reports [12,16,17,24–28,30–40]. However, a
systematic review of 14 clinical retrospective studies found that blood cultures routinely
obtained in 91% of cases had an average sensitivity of 58%, which is consistent with our
results (57.2%) [16]. The diagnostic sensitivity of image-guided biopsy ranges from 44.1% to
82.5% and can be increased by using different techniques such as X-ray or CT for sampling
and different sites such as psoas, disc, or vertebral body [12,17,24,25,29,36–39]. Consistent
with this spectrum, we were able to detect a pathogen with CT-guided biopsies from psoas
abscess in 55.7% of cases.
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Table 5. References on sensitivity of blood culture, intraoperative specimen, image-guided biopsy.

Author Blood Culture
Image-Guided

Biopsy
Intraoperative

Specimen

Vettivel et al. [37] 37 (48.7%) 30/40 (75%) *

Heuer et al. [38] 145/307 (47%) 213/307 (64%) *

Widdrington et al. [25] 40/78 (51%) 21/29 (72%) 25/38 (66%)

Hasan et al. [39] 17/40 (42.5%) 33/40 (82.5%) NR

Stangenberg et al. [34] 97/182 (53.3%) NR 134/202 (66.3%)

Nolla et al. [12] 46/64 (63.4%) 11/21 (52%) 15/20 (75%)

Colmenero et al. [28] 52/152 (34.2%) NR NR

Pigrau et al. [40] 71/91 (78%) NR NR

McHenry et al. [17] 156/255 (61.2%) 86/124 (69.4%) 88/113 (77.9%)

Patzakis et al. [33] 13/26 (50%) NR NR

Zarrouk et al. [36] 14/29 (48.3%) 11/15 (73.4%) NR

Carragee et al. [27] 66/111 (59.5%) NR NR

Ledermann et al. [30] 25/41 (61%) NR NR

Bateman et al. [26] 23/52 (44.2%) NR 24/32 (75%)

Torda et al. [35] 10/16 (62.5%) NR NR

Osenbach et al. [32] 12/40 (30%) NR NR

Hadjipavlou et al. [29] NR 19/26 (73.1%) 25/40 (62.5%)

Nather et al. [31] 5/9 (55.6%) NR 14/16 (87.5%)

Current study 119/208 (57%) 39/70 (56%) 162/208 (78%)
NR: not reported. *: The authors did not distinguish between image-guided biopsy and intraoperative specimen.

Intraoperative specimens yielded the best results in the literature ranging from 59.6%
to 87.5% [12,17,24–26,29,31,34,37,38]. Similarly, using this procedure, we were able to detect
a pathogen in 77.9% of patients.

Data on the diagnostic sensitivity of all procedures in SD and ISEE are limited in the
literature. The diagnostic sensitivity of blood cultures and intraoperative specimens differed
between SD and ISEE. Blood culture sensitivity was higher in SD, whereas intraoperative
specimen sensitivity was higher in ISEE. This supports the assumption that SD is mainly
a hematogenous dissemination, whereas ISEE is a local encapsulated mass with pus or
inflammatory tissue, which can ideally be reached by intraoperative sampling.

Previous studies have shown that blood cultures can detect pathogens in 57.2% of
cases, with even higher rates up to 70% in antibiotic-naive patients [4,12,16]. In our study,
the sensitivity of all three methods was significantly lower in SD patients under ongoing
EAT than in SD patients without antibiotics, whereas the sensitivity in ISEE showed no
significant difference in relation to antibiotic therapy.

The diagnostic sensitivity of the stand-alone procedure showed no differences between
SD and ISEE when the patient was treated with TAT, whereas the EAT group differed in
terms of blood culture as the most sensitive stand-alone procedure in SD and intraoperative
specimen in ISEE. Our study also showed the same results in terms of the first result of
pathogen detection in SD and ISEE patients treated with TAT or EAT.

In our cohort, pathogen detection in ISEE was higher in intraoperative specimens
exclusively compared with blood cultures (50% versus 5%), demonstrating the importance
of surgical sampling in ISEE. This was not significant in SD. The first decisive result of
pathogen detection in SD patients was achieved in 62.3% of cases by blood culture and
in 58.1% of cases of ISEE by the intraoperative specimen in our study. Therefore, blood
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cultures in SD and intraoperative samples in ISEE seem to be of the highest importance to
allow the administration of targeted antibiotics.

CT-guided biopsy was performed only in the psoas abscess but not in the disc com-
partment in SD or in the epidural empyema in ISEE, where infectious processes usually
occur, which may have influenced our results. The results of a CT-guided biopsy for
pathogen detection varies and depends on the examination technique, the examiner, patient
collective, and the specimen being collected. Numerous other factors, including laboratory
parameters (C-reactive protein > 50 mg/L), CT features (nonsclerotic endplate erosions),
and magnetic resonance criteria (paravertebral/epidural abscess formation), appeared to
be associated with positive pathogen detection [41].

For specific anatomic structures, such as the psoas, CT-guided biopsy with drainage
is essential because of the percutaneous minimally invasive technique and success rate in
targeting, as well as the low complication rate. In addition, CT-guided biopsy is an essential
procedure in patients without instability or neurologic deficits due to the avoidance of
surgery with potential complications despite the anesthetic and healing disruption risks.
The above demonstrates how important CT-guided biopsy is for the treatment of SD and
ISEE. The poorly presented results of CT-guided biopsy in this study compared with blood
culture and intraoperative specimen may be influenced by the selective surgical patient,
timing of the procedure, and anatomic structure of the collection (psoas abscess only).
Nevertheless, this study demonstrated favorable diagnostic sensitivity for CT-guided
biopsy compared with the existing literature, which suggested a successful pathogen
detection rate ranging from 28.1% to 57.1% [42,43], and provided a novel comparison of all
three procedures with limitations.

Limitations and Strengths of This Study

This study has inherent limitation due to its retrospective nature. However, our
findings provide valuable insights into the diagnostic sensitivity of blood cultures, intraop-
erative specimens, and CT-guided biopsies and serve a basis for prospective research. The
monocentric design of our study limits the generalizability of our observations. Neverthe-
less, our cohort of SD and ISEE patients underwent comprehensive phenotyping, including,
detailed demographic, clinical, radiological, laboratory and microbiological assessments,
which enhances the internal validity of our data. To confirm our findings and assess their
external validity, well-designed multicentric studies are needed, preferably in a prospective
interventional setting [44].

5. Conclusions

To achieve the best diagnostic sensitivity for causative pathogens, all procedures
are essential, particularly intraoperative specimens and blood cultures. Intraoperative
specimens yielded the highest single result, followed by blood cultures. However, blood
cultures remain crucial due to their non-invasive nature. Blood cultures are crucial for
identifying pathogens in SD, while intraoperative specimens are essential for isolating
pathogens in ISEE.

Blood cultures play the most important role in pathogen identification in SD, while
intraoperative specimens are leading in the description of pathogens in ISEE. Without
surgical intervention, nearly half of the pathogens in ISEE patients cannot be detected.
This study reveals that the combined diagnostic procedures have lower sensitivity in SD
patients with ongoing EAT, but not in ISEE patients.
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Abstract: Background: Spondylodiscitis can lead to significant morbidity and mortality. Understand-
ing its up-to-date epidemiological characteristics and trends is important to improve patient care.
Methods: This study analyzed trends in the incidence rate of spondylodiscitis cases in Germany
between 2010 and 2020, as well as the pathogens, in-hospital mortality rate, and length of hospital stay.
Data were obtained from the Federal Statistical Office and the Institute for the Hospital Remuneration
System database. The ICD-10 codes “M46.2-”, “M46.3-” and “M46.4-” were evaluated. Results: The
incidence rate of spondylodiscitis increased to 14.4/100,000 inhabitants, with 59.6% cases occurring
in patients 70 years or older and affecting mainly the lumbar spine (56.2%). Absolute case numbers
increased from 6886 by 41.6% to 9753 in 2020 (IIR = 1.39, 95% CI 0.62–3.08). Staphylococci and
Escherichia coli were the most coded pathogens. The proportion of resistant pathogens was 12.9%.
In-hospital mortality rates increased to a maximum of 64.7/1000 patients in 2020, intensive care unit
treatment was documented in 2697 (27.7%) cases, and the length of stay per case was 22.3 days. Con-
clusion: The sharply increasing incidence and in-hospital mortality rate of spondylodiscitis highlights
the need for patient-centered therapy to improve patient outcomes, especially in the geriatric, frail
population, which is prone to infectious diseases.

Keywords: spondylodiscitis; mortality; pathogens; antimicrobial resistance; epidemiology; geriatric
population

1. Introduction

Musculoskeletal infections represent a major challenge in orthopedic and trauma
surgery [1]. Infections of the spine caused by pyogenic bacteria without prior surgery or
implant insertion involving the intervertebral disc and vertebral bodies are referred to
as (pyogenic) spondylodiscitis [2]. Patients suffering from spondylodiscitis commonly
need to be hospitalized [3–6]. Insidious courses, especially in infections with low virulent
pathogens, often lead to delayed diagnosis, which can be associated with high morbidity
and mortality [7]. In this context, the significance of infections with coagulase-negative
staphylococci (CONS) must be increasingly emphasized [8–10]. Even after completing treat-
ment, patients tend to suffer relevant impairment in quality of life [11]. Epidemiological
studies have observed rising incidence rates of spondylodiscitis in Europe, indicating an
ongoing challenge for stakeholders in healthcare systems [12–14]. In general, the treatment
of elderly patients, who are especially prone to infections, will keep gaining importance
for musculoskeletal surgeons [15]. On the one hand, increasing numbers of comorbidities
of an aging population can be assumed as potential reasons for this development [16,17].
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Conversely, advancements in imaging technology have led to improved diagnostic capa-
bilities, resulting in an increased number of documented cases of spondylodiscitis [18,19].
Lastly, the standardization in pathogen identification methods has emerged and most
likely further contributed to the detection of spondylodiscitis [20,21]. Up-to-date diagnostic
and therapeutic measurements in spondylodiscitis treatment recently have been summa-
rized [22,23]. Nevertheless, considerable heterogeneity in reports on the epidemiology
of spondylodiscitis persists, analyses of nationwide databases are sparse and the rate of
in-hospital mortality remains to be elucidated [12,14,24,25].

Therefore, the aim of this study was (1) to determine the epidemiological characteristics
of pyogenic spondylodiscitis and the development of the nationwide incidence in adults
from 2010 through 2020. (2) The second aim was to provide a comprehensive overview
of the pathogens documented as concomitant diagnoses in 2020. (3) Lastly, we aimed
to analyze the development of the in-hospital mortality rate, duration of hospitalization
and proportion of cases which required intensive care unit (ICU) treatment between 2010
and 2020.

2. Materials and Methods

2.1. Federal Statistical Office of Germany (Destatis)

Data consisting of annual codes of the tenth version of the International Statistical
Classification of Diseases and Related Health Problems (ICD-10) diagnosis codes from
German medical institutions between 2010 and 2020 were provided by the Federal Statistical
Office of Germany (Destatis). The total number of spondylodiscitis cases was quantified
by adding ICD-10 codes “M46.2-”, “M46.3-” and “M46.4-” and analyzed as a function
of sex and age in 10-year increments for patients older than 20 years between 2010 and
2020. Incidence rates were calculated based on Germany’s historical population aged
20 years or older provided by Destatis. Here, the number of inhabitants in each of the
16 German federal states was considered by year of birth for each year of the period
2010 through 2020. The deadline of each year was December 31. Incidence rate ratios
(IIR) with the corresponding 95% confidence interval (CI) and percentage changes were
calculated by dividing the incidence in 2020 by the incidence of the preceding year for all
spondylodiscitis cases. Changes in the incidence rate ratios were determined relative to the
year 2010. Furthermore, Destatis provided the number of in-hospital deaths and number of
hospitalization days for spondylodiscitis cases during the observation period.

2.2. Institute for the Hospital Remuneration System (InEK GmbH)

In accordance with Section 17b of the German Hospital Financing Act, a universal,
performance-based, and flat-rate remuneration system has been introduced for general
hospital services. The basis for this is the German Diagnosis Related Groups system
(G-DRG system), whereby each inpatient case of treatment is remunerated through a
corresponding DRG lump sum payment. The InEK GmbH provides detailed data on the
main diagnoses (based on ICD-10 codes), age and sex distribution, length of hospital stays,
reasons for discharge (including “death”), number of intensive care unit (ICU) cases and
coded concomitant diagnoses (based on ICD-10 codes) (22). The InEK browser enables
analysis back to the year 2019. The following comprehensive analysis was made only for
the year 2020. Based on the ICD-10 codes for spondylodiscitis, as listed above, data for
total case numbers, numbers of pathogens coded as concomitant diagnoses, number of
in-hospital deaths, and the number of cases with ICU treatment were extracted. Informed
Consent and Investigational Review Board (IRB) approval was not required for this study
as it used data from anonymous, de-identified, administrative databases.

3. Results

3.1. The Development of the Nationwide Incidence of Spondylodiscitis from 2010 to 2020

In total 95,075 in-hospital spondylodiscitis cases were registered between 2010 and
2020. In 2010, a total number of 6886 cases were listed in Germany, constituting an annual
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incidence of 10.4 cases per 100,000 inhabitants (95% CI 10.1–10.6). In the following years,
the incidence rose steadily, resulting in a maximum of 14.8 cases per 100,000 inhabitants
(95% CI 14.5–15.1) in 2019. In 2020, the number slightly decreased to an incidence of 14.4 per
100,000 inhabitants (95% CI 14.1–14.7). Compared to the year 2010, absolute case numbers
increased by 41.6% (IIR 1.39, 95% CI 0.62–3.08). Of all the cases analyzed, the majority
(59.6%) occurred in patients aged 70 years or older. Male patients constituted 58.2% of the
cohort. In 2020, the male/female ratio was 1.5. No relevant changes in the male/female
ratios were observed in the 11 years period (Table 1, Figure 1). The proportion of patients
70 years or older increased from 54.4% in 2010 to 62.2% in 2020 (Table 1, Figure 2). In 2020,
most frequently, spondylodiscitis was present in the lumbar spine (56.2%), followed by the
thoracic spine (18.3%), and the cervical spine (6.7%). Spondylodiscitis with multiple foci
was documented in 2.2% of the cases (Figure 3).

Figure 1. Age and gender distribution of Spondylodiscitis cases between 2010 through 2020 in
absolute numbers.

Table 1. Historic development of spondylodiscitis diagnoses between 2010 and 2020.

Year
Total

Number

German
Population
20 Years or

Older

Change in Total
Numbers

(Relative to
2010)

Incidence per
100,000

Inhabitants

Incidence
Relative to the

Preceding
Year

Incidence Rate
Ratio Relative to

the Preceding
Year [95% CI]

Ratio of
Female/Male

Ratio Aged
≤70 Years/
>70 Years

2010 6886 66,549,975 - 10.4 [10.1–10.6] - - 42/58 46/54
2011 7067 65,398,514 2.6% 10.6 [10.4–10.9] 2% 1.02 [0.44–2.41] 43/57 44/56
2012 7582 65,665,069 10.1% 11.4 [11.3–11.9] 7% 1.07 [0.47–2.48] 43/57 43/57
2013 7946 65,943,867 15.4% 12.2 [11.8–12.4] 7% 1.07 [0.48–2.39] 44/56 41/59
2014 8519 66,677,665 23.7% 13.0 [12.6–13.2] 7% 1.07 [0.49–2.34] 43/57 39/61
2015 8618 67,097,676 25.2% 13.1 [12.7–13.2] 1% 1.01 [0.47–2.17] 42/58 40/60
2016 9243 67,440,230 34.2% 13.9 [13.4–14.0] 6% 1.06 [0.50–2.26] 43/57 40/60
2017 9749 67,540,025 41.6% 14.5 [14.1–14.7] 4% 1.04 [0.50–2.18] 42/58 38/62
2018 9677 67,724,921 40.5% 14.3 [14.0–14.6] −1% 0.99 [0.48–2.06] 40/60 40/60
2019 10,035 67,864,036 45.7% 14.8 [14.5–15.1] 3% 1.03 [0.50–2.14] 40/60 39/61
2020 9753 67,820,457 41.6% 14.4 [14.1–14.7] −3% 0.97 [0.62–3.08] 40/60 38/62
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Figure 2. Age and gender distribution of spondylodiscitis cases in 2020 in absolute numbers.

Figure 3. The distribution of spondylodiscitis by anatomical location of 9753 InEK cases in 2020
(designed with Inkscape and Microsoft PowerPoint).

3.2. Pathogens Codes in Spondylodiscitis Cases in 2020

Pathogens were coded for as concomitant diagnosis in 7589 cases (77.8%) in 2020. It
could not be differentiated if these pathogens were exclusively causative for spondylodisci-
tis. In most cases “other/unspecified staphylococci” were documented (27.1%), followed
by E. coli and other Enterobacterales (22.4%), Staphylococcus aureus (S. aureus) (19.4%) and
streptococci (17.8%). Pseudomonas spp. and other non-fermenters were documented in 5.2%
of the cases (Table 2). In 12.9% of cases where pathogens were identified, codes indicating
resistance to antimicrobial drugs were applied. The most commonly identified resistant
pathogen was Enterococcus faecium with resistance against glycopeptide antibiotics (U80.30;
2.8% of all cases), followed by methicillin-resistant S. aureus (U80.00; MRSA; 1.9%), and
3MRGN E. coli (U81.20; 1.6%). Overall, Gram-positive pathogens made up 65.0% of all
resistant pathogens.
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Table 2. Pathogens documented as concomitant diagnosis of spondylodiscitis cases in 2020 (sorted
by frequency).

ICD-10
Code

Pathogen (Coded as
Concomitant Diagnosis)

Number
of Cases

Percentage of Cases
with Pathogen

Cumulative
Percentage

Stratified Pathogens

B95.7 Other staphylococci. 1258 16.6%

27.1%
Other/unspecified

staphylococciA49.0 Staphylococcal infection of
unspecified location. 722 9.5%

B95.8 Unspecified staphylococci. 78 1.0%

B96.2
Escherichia coli (E. coli) and

1702 22.4% 22.4% E. coli and
Enterobacteralesother Enterobacterales.

B95.6 S.s aureus. 1472 19.4% 19.4% S. aureus

B95.2
Streptococci, group D,

840 11.1%

17.8% Streptococci

and enterococci.
B95.48 Other specified streptococci. 310 4.1%
B95.1 Streptococcus, group B. 94 1.2%
B95.5 Unspecified streptococci. 46 0.6%
B95.3 Streptococcus pneumoniae. 19 0.3%
B95.41 Streptococcus, group C. 17 0.2%
B95.42 Streptococci, group G. 16 0.2%
B95.0 Streptococcus, group A. 11 0.1%

B96.5 Pseudomonas and other nonfermenters. 395 5.2% 5.2% Pseudomonas and
other nonfermenters

B95.91 Other specified Gram-positive, anaerobic,
non-spore-forming pathogens. 243 3.2%

4.8%
Other Gram-positive

pathogens
B95.90

Other specified Gram-positive
124 1.6%aerobic pathogens.

B96.8 Other specified bacteria. 114 1.5%

3.2% Other

B96.6 Bacteroides fragilis and other
Gram-negative anaerobes. 64 0.8%

B96.7 Clostridium perfringens and other
Gram-positive, spore-forming anaerobes. 26 0.3%

B98.0 Helicobacter pylori (H. pylori). 20 0.3%
B96.3 Haemophilus and Moraxella. 18 0.2%

3.3. In-Hospital Mortality Rate, Hospitalization and ICU Treatment

The in-hospital mortality rate in spondylodiscitis cases increased from 45.6 per 1000 pa-
tients (95% CI 40.6–50.6) to a maximum of 64.7 per 1000 patients (95% CI 59.6–69.7) in
2020. The absolute number of in-hospital deaths rose by 101.0% from n = 314 in 2010 to
n = 631 in 2020 (Table 3). The total number of inpatient treatment days in 2010 was 173,581,
corresponding to a calculated hospital length of stay of 25.2 days per case. By 2020, the total
number of hospital days increased to 217,416 (+25.3%). Given the increasing number of
spondylodiscitis cases, the calculated hospital length of stay per case was 22.3 days in 2020.
The maximum number of hospital days was recorded in 2019 at 230,093 days (22.9 days per
case). In 2020, ICU treatment was documented in 2697 (27.7%) spondylodiscitis cases. The
mortality rate of ICU cases was 165.0 per 1000 patients. Among spondylodiscitis patients
who received treatment in an ICU, 72.5% were aged 65 years or older. The percentage ratio
of male to female patients was 63/37. The mean hospitalization time of ICU cases was
calculated to be 31.3 ± 26.6 days in 2020.
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Table 3. Historic development of in-hospital deaths of spondylodiscitis cases between 2010 and 2020.

Year
Total

Number

German
Population Aged
20 Years or Older

Change in Total
Numbers (Relative

to 2010)

In-Hospital Mortality Rate
per 1.000 Patients [95% CI]

Incidence Rate Ratio
Relative to the Preceding

Year [95% CI]

2010 314 6886 - 45.6 [40.6–50.6] 1.0 [0.6–1.4]
2011 307 7067 −2.2% 43.4 [38.6–48.3] 1.0 [0.6–1.5]
2012 314 7582 0.0% 41.4 [36.8–46.0] 1.2 [0.8–1.8]
2013 393 7946 25.2% 49.5 [44.6–54.3] 1.0 [0.7–1.4]
2014 409 8519 30.3% 48.0 [43.4–52.7] 1.2 [0.8–1.7]
2015 478 8618 52.2% 55.5 [50.5–60.4] 1.0 [0.7–1.5]
2016 513 9243 63.4% 55.5 [50.7–60.3] 1.1 [0.8–1.6]
2017 596 9749 89.8% 61.1 [56.2–66.0] 1.0 [0.7–1.4]
2018 577 9677 83.8% 59.6 [54.8–64.5] 1.0 [0.7–1.4]
2019 585 10,035 86.3% 58.3 [53.6–63.0] 1.1 [0.8–1.6]
2020 631 9753 101.0% 64.7 [59.6–69.7] 1.4 [1.0–2.1]

4. Discussion

As a main finding of this cross-sectional study, we report a significant increase of
spondylodiscitis cases in the adult German population by 41.6% between 2010 and 2020.
While studies relying on data from single hospitals may yield skewed results, the findings
presented here are based on nationwide reports from the largest country of the European
Union. The study provides a comprehensive, historical overview of the age and gender
distribution, in-hospital mortality rate, and hospitalization time of spondylodiscitis cases.
It further presents the coded pathogens, anatomical site of infection, and characteristics of
cases treated in an ICU in 2020.

4.1. The Development of the Nationwide Incidence of Spondylodiscitis between 2010 and 2020

Increasing rates of spondylodiscitis cases have been reported by several authors during
the last decades [12–14,26]. The majority of reports on pyogenic spondylodiscitis introduce
an estimated incidence of 0.2 to 2.4/100,000 per annum, mostly based on the analysis of
Grammatico et al. from 2002 to 2003 [13]. Most recently, Conan et al. reported an increase
in spondylodiscitis incidence from 6.1/100,000 in 2010 to 11.3/100,000 (+46%) in 2019 based
on a French nationwide database, including 42,105 hospitalized patients [14]. Similarly,
the current study demonstrated an increase in the spondylodiscitis incidence in the adult
German population of 41.6% during the 11-year study period including 95,075 spondy-
lodiscitis cases; the incidence was 14.4 per 100,000 inhabitants in 2020. Consistent with
the literature, the male-to-female ratio was 1.5 in 2020, and the analysis demonstrated no
relevant change in the sex distribution during the 11-year observation period [13,14]. It
must be assumed that an improvement and better availability of CT and MRI diagnostics
may have contributed to a higher detection rate of spinal infections, comparable to the
trend in vertebral insufficiency fractures [27]. The enhanced awareness and recognition
of spondylodiscitis among healthcare professionals could also lead to more accurate and
timely diagnoses, resulting in a higher reported incidence [22]. However, it can be as-
sumed that an important reason for the rising incidence is the aging population, which
suffers from an increasing number of comorbidities [9,16]. The increasing prevalence of
risk factors, such as diabetes mellitus, obesity, and immunosuppression, which predispose
individuals to infections including spondylodiscitis has been underlined by Kremers et al.,
who demonstrated a significant increase in osteomyelitis cases in their population-based
study on 760 incident cases [28]. Mavrogenis et al. presumed that a rise in the susceptible
population and improved diagnosis capabilities have increased the reported incidence of
the disease in recent years [29]. This thesis is underlined by the reported age distribution
in the current study; of all cases, 59.6% were 70 years or older. We demonstrated that
the proportion of patients aged 70 years or older increased from 54.4% in 2010 to 62.2%.
Furthermore, the growing number of invasive spinal procedures and interventions, such
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as spinal instrumentation surgeries, may be associated with a higher risk of postoperative
or interventional spondylodiscitis, and consequently contribute to the observed increase
in overall cases [30,31]. Interestingly, the incidence rate of spondylodiscitis decreased
from 2019 to 2020 by 2.7%, against the identified rising trend in the previous years. Bear-
ing in mind the decimating effect on the hospitalization rates in orthopedic and trauma
surgery, it can be hypothesized that the COVID-19 pandemic may have contributed to this
development [32,33].

4.2. Pathogens

Contradictory to the body of literature, we found staphylococci other than S. aureus to
be identified most frequently, followed by E. coli and Enterobacterales. The high prevalence
of other staphylococci suggested a high share of CONS. This is in line with recent reports on
the growing importance of the role of healthcare-associated infections, in particular device-
associated bloodstream infections for the etiology of spondylodiscitis [9,34]. Kim et al.
demonstrated in a retrospective review of 586 culture-confirmed spondylodiscitis case
an age-dependent prevalence of causative pathogens. S. aureus was more common in
patients aged <60 years (53.7%), whereas Gram-negative bacteria were more common in
patients aged 60 years or older (30.9%, vs. 14.7% in patients aged <60 years) [35]. They
further showed an association between Gram-negative pathogens in patients with liver
cirrhosis and solid tumors [35]. Interestingly, S. aureus was only documented in 19.4% of
cases with identified pathogens. This contradicts the vast majority of literature, reporting
S. aureus as the most common causative pathogen in around 50% of spondylodiscitis
cases [24,36]. Notable, Conan et al. reported comparable pathogen prevalence in their
up-to-date, nationwide study; all staphylococci accounted for 55.0% of pathogens (46.5%
in our results), Gram-negative pathogens for 21.1% (22.4%) and streptococci for 10.2%
(17.8%) [14]. This may suggest increasing importance of Gram-negative pathogens and
CONS, mirroring the epidemiological development towards older, frail patients. Reports
on (multi-resistant) pathogens in spinal and musculoskeletal disease vary widely, and they
depend on the socio-economic and geographical background of the cohort. In the current
study, codes for pathogens with resistance against antimicrobial drugs were applied in
12.9% of cases with identified pathogens. [37–39]. The most common resistant pathogen was
Enterococcus faecium with resistance against glycopeptide antibiotics, second was methicillin-
resistant S. aureus and third 3MRGN E. coli. This distribution is concordant with the recent
development of pathogen resistance in Germany, where Enterococcus faecium shows rising
resistance rates against Vancomycin [40]. In contrast, the rates of 3MRGN E. coli and
MRSA are decreasing [40]. The rise in antibiotic-resistant pathogens could contribute in the
complexity of spondylodiscitis treatment, potentially leading to increased morbidity and
mortality rates [26,41].

It must be pointed out that the coding quality for pathogens is usually low. Further-
more, it could not be differentiated if the pathogens documented as a concomitant diagnosis
in the InEK database were causative for spondylodiscitis in the current analysis, which
therefore must be interpreted carefully.

4.3. In-Hospital Mortality Rate, Hospitalization Time and ICU Treatment

Following the Europe-wide trend [42], the average length of stay of spondylodiscitis
patients decreased from 25.2 days in 2010 to 22.3 days in 2020. Thisstill f exceeds the mean
length of stay of 8.7 days of all hospitalized patients in Germany in 2020 by far [42]. We
demonstrated an increase in the in-hospital mortality rate from 45.6 per 1000 patients to
a maximum of 64.7 per 1000 patients in 2020, a 101.0% increase in the total number. The
high proportion of 27.7% of cases treated in the ICU, with a mortality rate of 165.0 per
1000 patients, highlights the severity of the disease. In a recent retrospective cohort study on
155 patients with pyogenic vertebral osteomyelitis, we found an in-hospital mortality rate
of 12.9% [8]. Even higher mortality rates are reported in the mid-to-long-term follow-up
in the literature; Yagdiran et al. reported a 1- and 2-year mortality rate of 20% and 23%,
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respectively [6]. Vettivel et al. reported a mortality rate of 5.2% at 30 days and 22.3% at
one year in a single-center study on 76 patients with pyogenic vertebral osteomyelitis. The
high incidence of the concomitant disease is likely a major factor in the risk of mortality
in the elderly population that is susceptible to developing spondylodiscitis. Kehrer et al.
showed a 1-year mortality rate of 20% in a cohort of 298 patients [43]. They claimed that
the main factors associated with short-term mortality were severe neurologic deficits at the
time of admission, epidural abscess and comorbidities [43]. In a nationwide Danish study
Aagaard et al. found that spondylodiscitis patients have increased long-term mortality,
mainly due to comorbidities, particularly substance abuse [17]. The current study did
not consider concomitant diagnoses or treatment aspects as factors influencing mortality
rates. In addition, the data sources do not allow for an evaluation outside the inpatient
sector. Potential risk and protective factors for spondylodiscitis mortality remain to be
investigated nationwide.

4.4. Strengths and Limitations

An outstanding characteristic of this epidemiological evaluation is that the analysis
is based on registry data consisting of ICD-10 diagnosis codes from all German medical
institutions showing the development of the incidence rate of spondylodiscitis over eleven
years. The main limitation of this study is that it represents a purely descriptive report
and thus, a lack of statistical analysis beyond incidence rate ratios and corresponding
95% confidence intervals must be acknowledged. Only inpatient data were available. In
addition, correct coding cannot be assured. A detailed annual analysis was conducted
only for the primary diagnoses because the InEK data browser only enables analysis
of concomitant diagnoses back to 2019. Furthermore, this analysis does not provide
information on the treatment modalities such as surgery or antimicrobial therapy. Our data
source does not provide these details, but their relevance in understanding spondylodiscitis
management must be emphasized. Future studies should consider these aspects to provide
a more comprehensive view of the condition and its treatment.

5. Conclusions

Between 2010 and 2020 the incidence rate of hospitalized spondylodiscitis cases in-
creased notably to 14.4 per 100,000 adult inhabitants in Germany. This trend primarily
affected elderly men. It is important to consider that factors such as an aging popula-
tion, more frequent medical interventions and improved diagnostic techniques could have
contributed to the rising incidence. Despite advances in treatment strategies, the aver-
age in-hospital mortality increased during the observation period and the rate of ICU
treatments was high. The epidemiological trend observed in this study is consistent with
nationwide developments. It is crucial to emphasize the need for patient-centered ther-
apy, specifically tailored to the elderly and frail population, while taking into account the
evolving spectrum of pathogens. Further research is needed to understand the underlying
causes of this increase in incidence and to optimize treatment and preventive strategies
for spondylodiscitis.
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Abstract: Intramedullary spinal cord abscess (ISCA) is a rare clinical pathology of the central nervous
system that usually accompanies other underlying comorbidities. Traditionally it has been associated
with significant mortality and neurological morbidities because it is often difficult to diagnose
promptly, owing to its nonspecific clinical and neuroimaging features. The mortality rate and the
outcome of these infections have been improved by the introduction into clinical practice of antibiotics,
advanced neuroimaging modalities, and immediate surgery. We report the case of a 65-year-old
male patient who presented with a progressive spastic gait and lumbar pain, predominantly in
the left leg. An MRI image revealed an expansile intramedullary cystic mass in the thoracic spinal
cord, which was initially diagnosed as a spinal tumor. He underwent laminectomy and myelotomy,
and eventually the pus was drained from the abscess. The follow-up MRI showed improvement,
but the patient’s paraplegia persisted. In light of his persistent hypoesthesia and paraplegic gait
with developing neuropathic pain, he was readmitted, and an MRI of his lumbar spine revealed
multilevel degenerative disease and tethered spinal cord syndrome with compression of the medulla
at the L2–L3 level. The patient underwent central flavectomy with bilateral foraminotomy at the
L2–L3 level, and the medulla was decompressed. Postoperatively, his neurological symptoms were
significantly improved, and he was discharged from hospital on the third day after admission. In
support of our case, we systematically reviewed the recent literature and analyzed cases published
between 1949 and May 2022, including clinical features, mechanisms of infection, predisposing
factors, radiological investigations, microbial etiologies, therapies and their duration, follow-ups,
and outcomes. Initial clinical presentation can be misleading, and the diagnosis can be challenging,
because this condition is rare and coexists with other spinal diseases. Hence, a high index of suspicion
for making an accurate diagnosis and timely intervention is required to preclude mortality and
unfavorable outcomes. Our case is a clear example thereof. Long-term follow-up is also essential to
monitor for abscess recurrences.

Keywords: intramedullary spinal cord abscess (ISCA); abscess; spinal cord; laminectomy; myelotomy
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1. Introduction

Intramedullary spinal cord abscess (ISCA) is a rare infectious pathology of the central
nervous system. The first case of a patient with ISCA was reported by Hart in 1830 [1,2].
Currently, fewer than 140 ISCA cases have been reported in the literature [3]. The mortality
rate and outcome of these infections were improved when antibiotics, advanced neuroimag-
ing modalities, and immediate surgery were accepted into clinical practice. Byrne et al.
discovered that 36% of intramedullary abscesses primarily involved the cervical cord, 36%
the conus medullaris, and 29% the thoracic cord; in congenital midline defects, lower
thoracic and lumbar segments are the common sites [4]. In the pre-antibiotic era, 50% of
ISCA cases resulted from hematogenous spreads of infection with an extraspinal focus.
However, in a modern-era review of ISCA, most cases are cryptogenic and 8% are linked to
hematogenous spread from an extraspinal focus [2,5]. Spinal cord tissue has exceptional
resistance to infection. Additionally, the small volume of the cord compared to the brain,
and the spinal cord’s small lumen with an acute angle of origin of the spinal arteries have
been considered protective factors, minimizing the incidence of ISCA [6]. Therefore, ISCA
generally occurs together with underlying systemic conditions such as immunosuppression,
diabetes mellitus, structural abnormality, adjacent spinal infection, or intravenous drug
abuse. Its presentation can be divided into three types, depending on the time between
initial presenting symptoms and time of diagnosis: acute, subacute, and chronic. These
types have prognostic significance. The classic clinical presentation includes fever, pain,
and an acute onset of neurological deficits, depending on the location. However, the ISCA
triad is often absent in subacute or chronic cases [7].

During the pre-antibiotic era, Arzt reported a 90% mortality rate for ISCA cases pub-
lished between 1830 and 1944 [8]. The mortality rate and prognosis were improved when
antibiotics, advanced neuroimaging modalities, and immediate surgery were introduced
into clinical practice. Subsequent reviews of published ISCA cases reported mortality down
to 24% by 1977, while a more substantial improvement to 4% was described by Kurita et al.
for cases published between 1998 and 2007 [9].

There is a bimodal age distribution among adult ISCA patients, most reported cases
being diagnosed during the first and third decades of life [10]. The incidence rate is un-
known, but the condition is associated with significant morbidity and mortality. Bartel et al.
reported a higher incidence in women during their first four decades, whereas men had
a constant incidence throughout their lifetime [11]. A high index of suspicion of ISCA is
crucial for prompt diagnosis, effective clinical management, and supportive therapy, in
order to prevent further neurological deterioration and to secure a favorable outcome [12].

Here, we report a case of a 65-year-old male patient who presented with a progressive
spastic gait and lumbar pain and was found to have a thoracic intramedullary abscess with
concomitant spinal degenerative disease. He was treated with surgical intervention and
subsequent intravenous antibiotics. Following our case report, we also present a systemic
review of the 70 adult cases in the current literature published between 1949 and 2022.

2. Case Description

A 65-year-old male patient was admitted to the Department of Neurosurgery with a
progressive spastic gait and lumbar pain radiating to both lower extremities, predominantly
in the left leg, without fever, following progressive paraparesis in both lower extremities. He
reported difficulty in walking owing to paraparesis of grade 3/5 (Power-McCormick scale)
in both lower extremities. During a neurological examination the symptoms progressed,
being exacerbated by upright posture. Progressive left foot drop and claudication were
also observed. Five years prior, L2/L3 discectomy was performed without any major
improvement. The medical history revealed an aortic valve prosthesis implanted fifteen
years previously. An MRI with contrast revealed an expansile intramedullary cystic lesion
at T4 level measuring 16 mm × 11 mm × 10 mm without any enhancement (Figure 1A,B).
Control lumbar MRI was comparable with a study done three years earlier.
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Figure 1. Magnetic resonance imaging (MRI) showing the sagittal scans: (A) T2-weighted im-
age and (B) T1-weighted images of an expansile intramedullary solid-cystic lesion measuring
16 mm × 11 mm × 10 mm, without contrast enhancement, at the T4 level, with segmental widening
of the spinal cord above and below the lesion. The early follow-up MRI shows no pathologi-
cal mass and postoperative changes on both (C) T1-weighted and (D) T2-weighted images. The
MRI performed 6 months after surgery revealed complete abscess excision in (E) T2-weighted and
(F) T1-weighted sequences.

After numerous consultations over several months, he was referred to our department
by a neurosurgeon, owing to persistent lumbar pain progressing to the thoracic vertebrae
and the progressive spastic gait. He had hypesthesia in both lower limbs, the left foot being
most affected. There was no nuchal rigidity or other meningeal signs, and he was afebrile.
Laboratory tests revealed an elevated CRP level of 70 mg/L. There was no laboratory
evidence of immunosuppression. The clinical picture indicated thoracic medulla lesion as
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the cause of the ailments. The differential diagnosis based on MRI included a neoplastic
process; the lesion was presumptively diagnosed as an astrocytoma or ependymoma.

A laminectomy with intradural exploration was performed at the T4 level. When
the dura was opened, the spinal cord appeared edematous and discolored. There was a
yellowish ill-defined abscess capsule endophytic through the ventral side of the spinal cord,
which was carefully drained through a midline myelotomy (Figure 2).

 

Figure 2. Intraoperative view of lesion showing yellowish pus after myelotomy at T4 level.

The spinal cord became lax after the abscess was drained. We encountered puru-
lent fluid through the midline myelotomy from T3 to T4. The cavity was irrigated with
saline, the dura was stitched, and the wound was closed in layers, with drainage placed.
A postoperative MRI of the thoracic spine after two days and initial treatment showed
complete removal of the intramedullary abscess (Figure 1C,D). A cardiovascular evalua-
tion provided no evidence of infectious endocarditis, nor was there an oral infection. A
subsequent pus culture to make a definitive diagnosis revealed Staphylococcus aureus
MRSA and Staphylococcus Coagulase-negative. Blood cultures were not performed, due to
good clinical state and lack of any infection, especially central nervous system infection.
Subsequently, a neurogenic tumor was suspected due to MRI features. Additionally, the
definitive diagnosis of degenerative lesion was difficult because no cystic features were
indicated on MRI images. The culture was positive for Staphylococcus aureus, and the
patient was placed on targeted antibiotics for further management. Therefore, the blood
culture was deemed not essential, as it would have been difficult to extrapolate the source
of infection and determine whether the infection had been spread hematogenously. We
began targeted therapy, and the patient was given three weeks of postoperative intravenous
vancomycin regimens.

In control laboratory tests, the infectious parameters decreased significantly, the CRP
level falling to 2–3 mg/L after the antibiotic regimen. An MRI of the thoracic spine
two days after the operation and initial treatment showed complete removal of the in-
tramedullary abscess (Figure 1B,E). Nevertheless, the patient’s lumbar pain and paresis
remained. He was then transferred to another hospital to undergo rehabilitation therapy,
and then discharged home.

Control thoracic MRI after six months showed complete removal of the abscess
(Figure 1E,F). Progression of paraplegic gait was improved and controlled. However,
persistent lumbar pain, hypesthesia, and paraplegic gait were reported, with developing
neuropathic pain described as a burning sensation. Another MRI of his lumbar spine
confirmed multilevel degenerative disease and tethered spinal cord syndrome, with the
medulla compressed by L2–L3 (Figure 3A–C). However, the images were very similar, and
a slight progression of L2/L3 stenosis was detected. The elective surgery was scheduled,
and three months later, the patient was admitted to the award. Then, a central flavectomy
with bilateral foraminotomy was performed at the L2–L3 level, with decompression of
the medulla.
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Figure 3. Lumbar multilevel spinal degenerative disease on MRT2-weighted images: (A,B) sagittal
and (C) axial view at L2–L3 level; severe stenosis with compression of the conus medullaris.

Postoperatively, the patient’s neurological symptoms, lumbar pain, and gait were
significantly improved, and he was discharged from hospital on the second day.

3. Systematic Literature Review

PubMed was searched for English-language case studies and case series published
from January 1949 to February 2022. The key words ((intramedullary), AND (spinal
cord)) AND (abscess) were used in the search. Only English language case studies/series
pertaining to ISCA in adults were taken into consideration. We also reviewed secondary
articles from the references cited in previous research studies (see Section 4: Results, for
further information). To facilitate the systematic feature of our work we have added a
PRISMA flowchart (see Figure 4).

The demographics and clinical features of patients, mechanisms of infection, predis-
posing factors, radiological investigations, therapies and their duration, follow-ups, and
outcomes were checked for every case. An ISCA case was defined by the following: a
culture and a positive/negative Gram staining of a spinal cord aspirate, both revealing a
bacterial pathogen; MRI imaging revealing an abscess associated with a specimen from a
normally sterile site yielding bacteria; or a positive immunological test for a specific bacte-
rial pathogen. Cases of culture-negative ISCA in which a spinal cord aspirate contained
polymorphonuclear leukocytes, and cases where Gram staining and culture of the aspirate
were negative, were also included in our study.

The clinical presentation was divided into acute (symptoms lasting less than one
week), subacute (symptoms lasting 1–6 weeks), and chronic (symptoms lasting more than
six weeks). The mechanism of infection was typically: (1) hematogenous spread of an
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extraspinal infection; (2) contiguous spread of an adjacent infection; (3) direct inoculation
(i.e., penetrating trauma, post-neurosurgery); or (4) cryptogenic (infection source unknown).
Outcomes were graded on the basis of ambulatory status, since all patients had motor
symptoms in both the upper and lower extremities. The outcomes were grouped as follows:
Complete neurological recovery, Residual neurological deficits, Persistent neurological
deficits, and Death.

 
Figure 4. The flow-chart of publications included process.

4. Results

We found a total of two hundred and six (including five from references) papers on
ISCA in literature published from January 1949 to May 2022. We included 122 articles
that were full-text papers in English presenting a case study or case series. We identified
137 ISCA cases from 64 papers. Seventy (50.03%) adult cases and 64 (45.99%) pediatric cases
were abstracted from the database. Of the 70 cases, 55 (78.5%) were males and 15 (21.4%)
females. The median age at presentation was 52 (IQR: 38.5–66.5) years.

4.1. Clinical Manifestation and Onset

The clinical features varied, and depended on the abscess’s location. Symptoms
upon admission were fever, back pain, neurological deficits including motor and sensory
disturbances, and urinary incontinence, amongst others, often originating from concomitant
diseases such as meningitis, encephalitis, and other systemic infections (Figure 5).

Fever and neurological deficits were the most common symptoms, along with pain,
and urinary incontinence was present initially in 25 cases (35.7%).

The typical clinical features are summarized in Figure 4. The patients were divided
into three clinical groups depending on their clinical presentation and its duration from the
onset of symptoms until hospital admission: acute (less than a week) in twenty-six (37%)
patients, subacute (1–6 weeks) in twenty (28.5%), chronic (more than six weeks) in fourteen
(20%), and not mentioned in six (8.5%). The most common complaint at the time of
presentation was motor impairment, found in 69 cases (98.5%), followed by sensory loss in
61 cases (87.1%), pain in 39 (55.7%), and urinary involvement in 35 (50%).
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Figure 5. The typical clinical features of intramedullary spinal cord abscesses. Legend: ISCA—intram-
edullary spinal cord abscess.

Concerning concomitant diseases, the following comorbidities were reported (see
Table S3): diabetes and concomitant systemic infection (n = 5), urinary tract infection
(n = 4), chronic kidney diseases (n = 1), pulmonary diseases (n = 2), tuberculosis (n = 2),
chronic sinusitis (n = 1), oral infection (n = 2), infective endocarditis (n = 2), sepsis and
septic emboli (n = 3), systemic lupus erythematosus (n = 1), sickle cell disease (n = 1),
pulmonary arteriovenous fistula (n = 1), spinal dural arteriovenous fistula (n = 1), vertebral
infection (osteomyelitis, discitis and spondylodiscitis, arthritis) (n = 4), spinal anatomical
abnormalities (n = 3), CNS histoplasmosis (n = 1), disseminated coccidioidomycosis (n = 2),
ulcerative colitis (n = 1), and heroin/alcohol addiction (n = 5).

4.2. Microbiology

A bacterial pathogen was found in 64% of cases (Table 1). Four infections were polymi-
crobial [13–16]. The diagnosis was confirmed by positive culture of a spinal cord aspirate
and biopsy in 14 (20%) cases, with additional isolation of Escherichia coli from urine culture
(case 38). In four cases [4,17–19], the diagnosis was based on the identification of Gram-
negative bacilli on a Gram stain of an aspirate. For 30 other patients, the diagnosis was
based on a CSF culture, and Escherichia coli and Enterococcus fecalis were isolated from the
patient’s urine culture in three cases [17,20,21] and a blood culture in three [22–24], needle
aspiration and abscess culture [6,14,25,26], and histopathology [1,20,27]. The remaining
four cases [28–31] were classified as culture-negative ISCA. Two cases [25,32] had previ-
ously received antimicrobial therapy. Two others were diagnosed via blood culture [21,24],
and the others were identified via urine culture [33] and histopathology [34]. There were
elevated white blood cells and leucocytes in the remaining 11 (15.71%), and the diagnostic
tool was not mentioned in four.

The most common causative organisms isolated in culture were Streptococcus spp.
in 14 cases (20%) followed by Staphylococcus spp. in 10 (14.28%). The other organisms
identified were K. pneumoniae, C. albicans, M. tuberculosis, Nocardia spp., Actinomyces,
Aspergillus, Bacteroid spp., Brucella spp., MRSA, E. coli, Pseudomonas spp., L. monocytogenes,
H. capsulatum, Hemophilus spp., and E. fecalis. The culture of pus in the present case revealed
Staphylococcus aureus.
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4.3. Mechanism of Infection and Predisposing Factors

Thirty-two patients (45.7%) had cryptogenic sources, including our case. Seven (10%)
resulted from a spread of infection through contagious lesions, such as spinal anesthe-
sia [43], dermal sinus tracts [38], epidural abscesses [48], epidural anesthesia [40], intrathecal
morphine pump [49], spondylodiscitis [50], vertebral osteomyelitis [47], vertebral discitis,
and osteomyelitis [51]. Patients with anatomical abnormalities of the spinal cord and/or
vertebral column were found in four cases (5.7%). Three (4.2%) had congenital midline
neuroectodermal defects (spinal dysraphism). One patient (1.4%) with congenital midline
defects had related dorsal midline skin lesions, namely a dermal sinus tract opening with
prior discharge from a sinus tract, accompanied by meningitis. Four other cases (5.7%)
had direct penetrating trauma to the spinal cord through stab wounds, by wooden foreign
bodies and surgical excision of spinal epidermoid and ependymoma [13,15]. In two other
cases, spinal abscesses were secondary to postoperative complications following resection
of a spinal cord dermoid cyst [38] and spinal cord ependymoma [25]. Case [29] had a
cervical spinal stenosis, extrinsically compressing the spinal cord. Twenty-two cases (31.4%)
had extraspinal hematogenous spreads: urinary tract infection [6,21,27], pyelonephritis [19],
bronchopneumonia [52], bronchiectasis [53], tuberculosis and SLE [26,39], brucellosis (32),
oral infections and dental procedures [54,55], chronic kidney diseases [17], infective en-
docarditis [22,23,30,51], diabetes mellitus with systemic effects [21,22,42,45], disseminated
coccidioidomycosis [28], histoplasmosis [56], and neurotuberculosis [57]. Three patients
(4.2%) had apparent sepsis originating from either E. coli [19], S. aureus [48], or Gram-
negative bacilli [27]. One case had multiple pulmonary arteriovenous malformations [16],
and another [34] had SDAVF, which are both known to be risk factors for the development
of pyogenic brain abscesses.

4.4. Neuroimaging Features

Neuroimaging studies such as plain radiography, myelography, computed tomog-
raphy scans (CT) and MRI were carried out for all but five of the patients involved in
the reports. MRI was performed with contrast material in 50 cases. The findings were
ring-enhancing margins, segmental widening and swelling of the spinal cord, partial or
total obstruction of the cerebrospinal fluid, and tethered spinal cord in some cases [25,58,59].
The radiological features are reported in Table 2.

Table 2. Radiological features (myelography, CT, MRI) of intramedullary spinal cord abscess (ISCA).

Myelography (n = 8)

Spinal cord widening and swelling
CSF flow obstruction

Tethering of conus

CT with myelography or MRI (n = 7)

Segmental widening and swelling of cord
Complete or partial obstruction of CSF flow

MRI (n = 50)

Segmental widening and swelling of spinal cord
Ring-enhancing margin (abscess)

Cystic lesion with ring enhancement
CSF flow obstruction

4.5. Management and Clinical Outcomes

Thirteen patients (18.6%) required urgent treatment and 11 (15.7%) were treated within
a day to three weeks from onset. One (1.4%) was treated within a year; there were no data on
duration for the rest of the cases. Surgery, including drainage procedures (laminectomy and
myelotomy in 41 cases (58.5%) and stereotactic needle aspiration in one), was performed in
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44 cases (62.8%). A second open-drainage procedure was required in case [18] following
deterioration of neurological functions. Additional surgical procedures included excision
of the abscess cavity (EAC) in four cases (5.7%), excision of a sinus tract (EST) in two (2.8%),
excision of an epidermoid cyst (EEC) in one (1.4%), marsupialization of the abscess cavity in
one (1.4%), and a biopsy in two (2.8%). Surgical intervention was not mentioned in 18 cases
(25.7%). Antimicrobial therapy was administered for durations of nearly two weeks to nine
months in 59 (84.2%) cases; for eight patients (11.4%) its use was not mentioned, and only
one patient (1.4%) continued therapy for one year.

The clinical outcomes were recorded after follow-ups ranging from nearly two weeks
to one year for all but one patient. We categorized the other cases into four groups on
the basis of their prognoses: recovery in 20% of cases (Table 1), residual ND in 12 (17.1%)
(Table 3), persistent ND in 28 (40%) (Table 4), and death in 10 (14.2%) (Table 5). All but two
(2.8%) in the recovery group had received antimicrobial therapy, 11 (15.7%) underwent
surgery, and the time frame between onset and first treatment (surgery or antibiotics) was
urgent (IQR: urgent—six days). Among the 60 patients (85.7%) who survived, residual
neurological deficits such as paraparesis and paraplegia persisted in 40 (57.1%). Among
these, 59 (84.2%) received antibiotics and 44 (62.8%) underwent surgery. The median dura-
tion from onset to first treatment for the persistent group was 1.5 days (IQR: urgent-4.74),
while for the residual group it was two days (IQR: 0.5—4.25). However, there were too
few data in the death group about time from symptoms to treatment; information was
only available in one case (10%). Ten patients (14.2%) died postoperatively: as a result
of septic embolus with concomitant pyelonephritis in [19], UTI [6,33], chronic alcoholism
and bronchopneumonia in case [52], disseminated coccidioidomycosis [28], multiple cere-
bral abscesses complicated by progressive hydrocephalus [53], abscess rupture inducing
meningitis and brain abscess [53], Listeria meningoencephalitis [12], central nervous system
nocardiosis involving the bilateral hemisphere, cerebellum, and upper cervical spinal cord
due to diabetes mellitus (despite a two-stage operation) [20], cardiac arrest [51], intracranial
extension of her spinal aspergillosis resulting in rapid progression of ventriculitis and
cerebral vasculitis with diffuse vascular occlusion and widespread cerebral infarction [51],
and refractory septic shock [60]. There were no significant differences in the time until
treatment among the recovery, persistent, residual and death prognosis groups (p = 0.613).
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5. Discussion

ISCA is rare neurological entity in spinal cord infection, fewer than 140 cases having
been reported since its first description by Hart in 1830. These infections traditionally
correlate with high morbidity and mortality [37]. Furthermore, they can be located through-
out the spinal cord, and multiple abscesses occurred in 26% of cases [73]. Byrne et al.
discovered that 36% of intramedullary abscesses primarily involved the cervical cord, 36%
the conus, and 29% the thoracic cord, whereas lower thoracic and lumbar segments are the
common sites in congenital midline defects [4]. In previous studies, intramedullary spinal
cord abscesses mostly involved the cervical and upper segments of the thoracic cord [74].
In our review, twenty-five abscesses (35.71%) primarily involved the cervical cord, nineteen
(27.14%) the thoracic cord, three (4.2%) the lumbar cord, eight (11.42%) cervical to thoracic,
eight (11.42) thoracic to lumbar, one (1.42%) lumbar to sacral and holocord, and two (2.85%)
the conus; four cases had multiple abscesses (see Figure 6). In the cases between 1944
and 1975, the average spinal cord abscess length was six levels, and the abscesses grew
preferentially along fiber tracts longitudinally [75]. The reduction in the size and number of
spinal cord abscesses in recent cases can be attributed to improved early detection, surgical
intervention, and antibiotics (Byrne). Two-thirds occur during the fourth decade of life,
predominantly in males (M:F ratio 5:3) [73]. A bimodal age distribution among adult
patients has been described; most patients were diagnosed with ISCA during the first and
third decades of life. The incidence rate in women was higher during the first four decades,
whereas in men it was constant throughout their lifetime [11,24,63].

0 5 10 15 20 25 30
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Figure 6. The typical localization of spinal cord abscess in 61 patients with intramedullary spinal
cord abscess.

5.1. Etiology and Pathogenesis

According to the available literature, spinal abscesses begin in the central gray matter
and extend peripherally into the white matter. The suppurative infiltrate causes inflamma-
tion with a predominance of polymorphonuclear cells and liquefactive necrosis-producing
enzymes. The necrotic area is encapsuled by fibroblasts and the abscess then extends
caudad and cephalad, separating the fiber tracts without compression until the later stages
of the disease. Fibrous proliferation and gliosis, both rostral and caudal to the abscess cavity
and surrounding the adjacent areas of necrosis, are found on histopathological examination
and could cause the signal changes on the MRI [65]. Polymorphonuclear leukocytes and
lymphocytes often thicken and infiltrate the meninges, with frequent venous thromboses
transversing the areas of abscess [37]. ISCA is a suppurative infection with abscesses that de-
velop similarly to pyogenic brain abscesses, normally concomitant with other pathologies.
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Normal spinal cord tissue has an exceptional resistance to infection [61]. ISCA generally
occurs together with underlying systemic conditions such as immunosuppression, diabetes
mellitus, or intravenous drug abuse [76].

Several risk factors (especially for cervical spinal abscess) including dermoid cysts,
ependymoma, meningomyelocele, osteomyelitis, pre-existing spinal pathologies includ-
ing spinal tumors, dural arteriovenous malformations or fistulas, previous surgeries and
iatrogenic or stab wounds, penetrating or iatrogenic injuries to the spine, intravenous
drug use and alcoholism, genitourinary infections, infective endocarditis, pulmonary
disease, septic embolism, and bacterial meningitis can precipitate intramedullary infec-
tions [17,22,24,44,46,51,61,65,77–79]. Other predisposing factors for intradural infection
and ISCA in children are congenital midline defects such as anatomical abnormalities of
the spinal cord or congenital dermal sinus [7]. According to our literature search and
review, we can categorize these conditions into four groups: bacterial and fungal infections,
penetrating trauma to the spinal cord, congenital dural sinuses, and chronic tuberculo-
sis. Intramedullary abscess formations have rarely been associated with acute bacterial
meningitis [61]. Bartel et al. found the primary focus of infection in 7.5% of cases. An
immunocompromised state associated with diabetes, HIV infection, prolonged steroid ther-
apy, and drug addiction also appear to be important [11]. However, our patient was neither
immunocompromised nor apparently subject to any of those predisposing conditions.

5.2. Classification
5.2.1. Mechanism of Infection and Predisposing Factors

Classifying ISCA according to infection mechanisms enables us to predict the organ-
ism(s) most likely to be causal. The causative factors of ISCA development can be grouped
as follows: hematogenous spread (i.e., extraspinal focus of infection), contiguous spread
(i.e., adjacent focus of infection), and direct inoculation (e.g., via penetrating trauma, neuro-
surgery, or a cryptogenic mechanism). Hematogenous spread appears to be most common;
we thought this was the case with our patient, but we could not identify the source of
the infection. The patient’s prior surgery and aortic prosthetic valve were assumed to
be the only important predisposing factors; therefore, the infection mechanism remains
cryptogenic [2,80,81].

During the pre-antibiotic era, 50% of cases were due to hematogenous spreads of
infection with an extraspinal focus; nearly 20% had an underlying infectious lung disease.
Other main sites of infection included soft-tissue infections and infective endocarditis [2].
In a modern-era review of ISCA, Chan and Gold et al. found that 44% of cases were linked
to anatomical spinal cord or vertebral column abnormalities. Twenty-four percent (24%) of
cases resulted from a contiguous infection spread through sinus tract openings, 8% from
hematogenous spread with an extraspinal focus, and 64% were cryptogenic. A bacterial
pathogen was identified in 64% of cases, while the remaining cases were classified as
culture-negative ISCA [2,37].

Organisms typically found in cryptogenic cases were Listeria monocytogenes, Strep-
tococci viridans, Hemophilus spp., Enterobacteriaceae, anaerobes, anaerobic streptococci,
and oral anaerobic Gram-negative bacilli. Therefore, careful examination of the skin of
a patient exhibiting neurological symptoms suggestive of a spinal cord syndrome can
provide an early clue to the diagnosis of ISCA. In these cases, the causative organisms
that reflect skin-colonizing species such as S. epidermides, S. aureus, Enterobacteriaceae, and
anaerobes including Bacteroides fragilis are related to ISCA cases in the dermal sinus tract.
Additionally, in the lumbar region, pathogens commonly include enteric Gram-negative
rods and anaerobes as well as Staphylococcus species [37].

Although ISCA can result from hematogenous spread from an extraspinal source,
Hoche demonstrated that the introduction of microorganisms into the CSF of animals did
not cause ISCA unless thrombi were also introduced. This led to the discovery that ISCA is
rare without pre-existing spinal cord abnormalities. The major sources of hematogenous
spread (42%) are from the urogenital tract (e.g., vulvovaginitis, urinary tract infection,
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pyelonephritis, or perinephric abscess), followed by pneumonia, endocarditis, middle ear
infection, and sagittal sinus thrombosis. Schistosomiasis and brucellosis are also possible
hematogenous sources. Direct spread of the microorganism from adjacent structures is not
as frequent, but if this occurs it is typically after spinal procedures, the administration of
epidural anesthesia, or vertebral osteomyelitis [2,76,80].

ISCA during the pre-antibiotic and modern eras resulted in similar proportions of
contagious cases (38% vs. 24%). Only around 10% of infections in the pre-antibiotic era
were found in congenital dermal sinuses [2]. In contrast, several infections resulted from
the direct extension of local, deep-seated infections [82].

Most recent ISCA cases are cryptogenic, probably arising from transient bacteremia
of mucosal surfaces or clinically unknown extraspinal sites of infection. Several lines of
evidence support the hypothesis that this transient bacteremia can seed areas of subclinical
spinal cord injury or microinfarction. In the present review, nearly 20% of cases of cryp-
togenic ISCA were in patients with structural abnormalities in their spinal cord and/or
vertebral bodies (spinal cord ependymoma, previous resection of a spinal cord lipoma,
or spinal stenosis). Furthermore, cryptogenic cases were mainly located in the cervical
and upper thoracic segments of the spinal cord [2]. Additionally, around 25% of cases
were from contiguous spread of infection from dermal sinus tracts. Predisposing factors
in pediatric ISCA include congenital midline defects and anatomical abnormalities of the
spinal cord or vertebral column [74]. This shift in pathogenesis is likely to be related to
the wide availability of effective antimicrobial agents to treat the primary sites of infection.
Moreover, advances in non-invasive imaging could recognize the primary sites of infection
earlier.

Sterile culture was the most common finding in earlier reports. This also applies in
our review, especially in chronic cases. In one chronic case the culture was probably sterile
because of prior administration of antibiotics. Although 30% of spinal abscesses are microbi-
ologically sterile, a diverse range of organisms have been identified amongst the remaining
70% such as Staphylococcus (the most frequently reported cause at 25%), Streptococcus,
Escherichia coli, Proteus, Listeria, Bacteroides, Pseudomonas, Brucella, Hemophilus, Histo-
plasma, Actinomyces, and Mycobacterium [83]. Anaerobes are uncommon, but many types
of microorganisms have often been found in spinal abscesses in patients with ISCA [79].
Common causes of intramedullary abscesses include Gram-positive cocci, especially those
native to oral or skin flora [13,14,20,27,30,37,56,64,84]. Implications for the selection of
an empirical antimicrobial regimen in this population have arisen because opportunistic
pathogens such as Fusarium spp. or Aspergillus spp. have been reported as causing in-
tramedullary abscesses in immunocompromised patients. This further emphasizes the
importance of obtaining culture data for direct therapy. When broad empirical coverage
is started, clinicians should consider not only the wide array of pathogens that can cause
intramedullary abscesses but also the patient’s risk for tuberculosis and fungal infections,
and their immune status [26,85]. The outcomes of these infections have apparently im-
proved since antibiotics were introduced into clinical practice. The first review of ISCA
cases 1830 and 1994 reported a mortality rate of 90%. A review between 1994 and 1997
reported a mortality rate of only 8%. Kurita et al. described a case of cervical ISCA treated
with antibiotics alone, but whether this suffices is a matter of debate [2,8,9]. Despite the
improvement of survival rates since the pre-antibiotic era, neurological deficits persist in
most patients who survive. In our patient, the mechanism of infection appeared to be
hematogenous spread, though we could not identify the origin of infection. We assume
that the prior neurosurgical procedure and aortic valve implantation were the important
predisposing factors, which could have caused bacteria to seed to the intramedullary space
of the thoracic spinal cord. Thus, the mechanism of infection remains cryptogenic in this
case. His wound culture from the ISCA was positive for S. aureus, which is part of the oral
flora and is consistent with our proposed etiology.
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5.2.2. Onset and Clinical Presentation

According to Foley, the time between initial presenting symptoms and time of di-
agnosis has prognostic indications. The presentation of ISCA can be divided into three
clinical groups: acute, subacute, and chronic [6]. Acute symptoms last less than a week,
and patients are more likely to have a fever and leucocytosis. In the subacute and chronic
groups, the symptoms persist, respectively, from 1–6 weeks and for more than six weeks.
These two groups are unlikely to present with fever and leucocytosis.

Acute spinal cord abscesses often follow the same clinical course as transverse myelitis,
whereas chronic abscesses resemble an expanding spinal cord tumor. Our patient had an
acute onset with neurological worsening. Menezes et al. observed that acute presentations
had worse outcomes; patients with symptoms for less than four days had a 90% mortality
rate, while those with symptoms lasting more than a week had a 60% mortality rate [86].

Motor and sensory deficits (68%), pain (60%), bladder dysfunction (56%), fever (less
than 50%), meningmus (12%), and brainstem dysfunctions (4%) were the most common
presenting complaints [9,87]. The triad of ISCA is fever, pain and neurological deficits, but
not all patients show all three; the ISCA triad is commonly absent in subacute or chronic
cases [7]. Signs and symptoms suggesting a structural lesion of the spinal cord, as opposed
to features that suggest infection, are most common. Spinal epidural abscess presentations
show the same pattern, so epidural abscesses should always be included in the differential
diagnosis. Without concomitant vertebral osteomyelitis, primary spinal epidural abscesses
are rare. This correlation could assist in a differential diagnosis of subdural and epidural
spinal abscesses [2,88]. As was observed in our patient, the presentation of intramedullary
abscesses is frequently marked by progressive dorsal pain followed by neurological deficits.
Our patient’s onset was acute, and four of the main clinical signs were present. The clinical
presentation can be insidious and can imitate a spinal tumor or other chronic myelopathy-
inducing condition. The multifocality of abscesses causes further complications within an
already complex clinical picture [89]. Finally, meningitis can recur as a result of abscesses
rupturing into the subarachnoid space [67,79]. For the purpose of management, it is
crucial to differentiate ISCA from other tumorous pathologies so that adequate medical
and surgical treatment can be initiated promptly.

5.3. Evaluation and Management

Laboratory data can help in making a definitive diagnosis when there is clinical
suspicion of a spinal cord abscess. Clinical findings of ISCA are nonspecific and do not
lead to a final diagnosis. Leucocytosis and elevated inflammatory markers (e.g., increased
platelets, C-reactive protein, and/or erythrocyte sedimentation rate) are common. There is
abnormal CSF in 78% of patients, and tests can indicate elevated leucocytosis, decreased
glucose, increased protein, and/or a positive Gram stain. Nonetheless, CSF test results can
be normal in spinal abscess cases [76].

5.4. Neuroimaging Features

The main route to diagnosing patients with spinal abscesses has traditionally been ra-
diological. Conventional radiographs and myelography were the only imaging modalities
used for diagnosing spinal abscesses, and the only diagnostic approaches mentioned in lit-
erature, until 1980. This was prior to the widespread availability of computed tomography
(CT) scans and magnetic resonance imaging (MRI) [90].

A spinal intramedullary ring-enhancing mass is a nonspecific imaging feature in
various non-inflammatory benign and neoplastic processes, but rarely in ISCA [36]. Because
ISCA is very rare, MRI features have only been described in single case reports and seem to
resemble changes in brain abscesses [91]. Extended hyperintensity of the spinal cord on T2-
weighted images with a circular enhancement on T1-weighted images were included after
intravenous application of gadolinium chelates [36]. Edema has a range of severities and
the grade of contrast enhancement depends on the lesion stage. MRI is mostly performed
in a later capsular stage, since clinical manifestations are often nonspecific and only 40–50%
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of patients are febrile upon examination [36]. In our study, a hypointense abscess capsule
was seen on MRI T2-weighted images, which we assumed to be caused by the susceptibility
effects of free radicals and extended edema of the thoracic cord.

Features that suggest a structural lesion rather than signs of infection are more often
found in ISCA presentation. MRI with contrast is the gold standard for accurate iden-
tification of the location and extent of an abscess and for identifying any predisposing
structural abnormalities of the spinal cord [80]. The MRI features of ISCA include en-
largement of the spinal cord with increased signal intensity on T2-weighted images and
marginal enhancement with central low signal intensity on T1-weighted images with
gadolinium administration. Several non-inflammatory benign and neoplastic processes
have a similar ring-enhancing appearance, so this is a nonspecific imaging finding for
abscesses. Enhancement can occasionally show extension to an adjacent dura or epidu-
ral space [2,7,36,87,88,91,92]. Spinal cord tumors (necrotic glioma, metastases), resolv-
ing hematoma, infarction, granulomatous disease, and demyelinating disease (multiple
sclerosis) can be included in the radiographic differential diagnosis of a ring-enhancing
mass [36,91]. Hyperintensity on T2-weighted images tends to resolve markedly as infec-
tions are suppressed by treatment [12,92]. An ISCA that could require immediate surgery
should always be considered, although MRI features can resemble those of a tumor, which
would not necessarily be considered for immediate resection.

In recent years, diffusion-weighted imaging (DWI) has been added to the list of
diagnostic imaging techniques and has been recommended as a more sensitive and specific
method for differential diagnosis of abscesses and cystic or necrotic tumors, since the latter
present with low signal intensity and show increased values of ADC [40,93,94]. Pus in
an abscess cavity is a thick mucoid fluid containing inflammatory cells, bacteria, necrotic
tissue and high viscosity proteinaceous exudates. Water mobility and the microscopic
diffusional motion of water molecules are heavily impeded, leading to a decreased ADC
in the abscess center [40,95]. Necrotic tumor-tissue debris, fewer inflammatory cells than
in an abscess, and clearer serous fluid than pus are the usual contents of the cystic and
necrotic cavities of tumors. However, an abscess cavity can have variable hyperintense
signal intensity on DWI and low ADC values because of a difference in the concentration
of inflammatory cells and particularly in abscess fluid viscosity [36]. This reflects decreased
diffusion, which can help to distinguish ISCA from cystic spinal cord tumors. DWI signal
intensity is higher in abscess cavities than in normal brain parenchyma, indicating restricted
diffusion, whereas the signal intensity is generally hypointense in tumor cysts and necrosis,
indicating more isotropic diffusion, as in CSF [91]. Previously described precipitation
or drop signs characterized by an accumulation of pus at the conus medullaris could be
more specific for spinal abscesses [96]. In clinically atypical acute myelopathies, a DWI
can also help to distinguish spinal cord infarction from inflammatory myelopathies such
as multiple sclerosis, ADEM, neuromyelitis optica, and parainfectious myelopathy [93].
The viscosity depends on the age of the abscess, the etiological organism, and the host’s
immune response [36].

5.5. Management and Therapy

Prognosis is affected by the extension and aggressiveness of the infective agent and the
treatment applied. There is no significant difference between surgically and non-surgically
treated patients in the frequency of residual neurological injury. Antibiotic treatment alone
can be as effective as surgery plus antibiotic therapy [22].

Prompt diagnosis and intervention are essential for a prognosis and to prevent mor-
bidity and mortality [9,87]. Ages under 25 correlates with good or full recovery, while poor
outcomes are more likely after an acute presentation of spinal cord abscess [5,87]. As in
the treatment of pyogenic brain abscesses, which are often polymicrobial, a combination of
antimicrobial and surgical therapies is recommended for treating ISCA [21].

An interdisciplinary approach involving specialists in neurosurgery, neuroradiology,
and infectious diseases is recommended for managing ISCA. Effective prompt surgical
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evacuation through limited laminectomy and myelotomy, with copious irrigation with
normal saline followed by antibiotics according to culture and sensitivity, is the treatment of
choice since significant tissue injury can result from the space-occupying nature of lesions.
This can limit the extent of neurological injury [16,97].

An open surgical approach (laminectomy and myelotomy) or stereotactic needle
aspiration of the lesions under CT guidance can achieve diagnostic and therapeutic drainage
of the abscess [2]. There are reported cases of non-surgically treated patients in whom the
abscess did not extend more than 2.2 vertebral bodies [7].

Bartels et al. reported that 63% of cases were treated with surgery and 37% without.
In the surgical group, 13.6% died, 75% of whom had not received antibiotics. Among those
who survived with surgery, 22% recovered completely, 56% improved neurologically, 7%
remained unchanged, and one deteriorated. The non-surgical group had 100% mortality.
Only 3% of the non-surgically managed patients were treated with antibiotics because
82% of those cases occurred during the pre-antibiotic era. The mortality rate decreased
significantly from 90% in the pre-antibiotic era to 8% more recently, which can be attributed
to both the development of powerful antibiotics and earlier diagnosis through modern
imaging modalities. However, neurological deficits remained in more than 70% of surviving
patients [11,24].

The presumed mechanism of infection and the results of Gram staining of aspirate
should be the basis for empirical antimicrobial therapy. Since a wide range of microbes can
be isolated from an ISCA culture, early treatment with antibiotic combinations effective
against Staphylococcus spp., Streptococcus spp., enteric Gram-negative bacilli, and anaerobes
should be used until the causative organisms in each individual case are identified. Chan
and Gold recommend including ampicillin in the initial treatment regime for all cases
of cryptogenic ISCA to combat L. monocytogenes [2]. Although the optimal duration of
antimicrobial therapy is still debatable, a minimum of 4–6 weeks of parenteral antibiotic
treatment is recommended, while some authors have proposed the use of intravenous
antibiotic therapy for more than nine weeks. Two to three months of additional oral
antimicrobial therapy is worth considering [76,97–100]. Park et al. suggest adjusting the
duration of treatment according to the level of ISCA resorption, as indicated by MRI.
Using steroids as an adjuvant therapy to decrease edema was recommended in a previous
study [101]. Our patient underwent surgery because of his afebrile back pain and persistent
neurological deficits. We performed a laminectomy, a myelotomy, and drainage of pus
followed by irrigation with saline. The culture yielded S. aureus, but his paraplegia did
not improve. Accordingly, the patient underwent rehabilitation but his gait impairment
persisted and the pain symptoms exacerbated. Another control MRI comparable with
previous control MRIs, revealed slight progression of L2–L3 stenosis.

In the view of patient’s progressive stenosis and lumbar pain, an elective surgery was
planned. We avoid a major intervention with selective minimal invasive L2/L3 surgery.
Postoperatively, patient experienced a dramatic improvement in pain and neurological
symptoms. These findings were accidental as the degenerative changes were present before
paraplegic gait, with concomitant tethered spinal cord syndrome (medulla to the L3 level)
and conus medullaris compression by the L2–L3 stenosis.

Thorough history taking and clinical investigation is fundamental to establish the and
differentiate the concomitant diseases that might cause similar clinical symptoms. This
can be misleading in establishing definitive diagnosis and tailoring the best therapeutic
strategies in cases with similar clinical presentation.

5.6. Outcome and Follow-Up

Evaluation of the patient’s response to therapy should be based on follow-up neuro-
logical assessments and the results of serial CT or MRI scans to document the resolution
of the lesions. Regular follow-up via clinical examinations and MRI during the first year
following surgery is highly recommended because intramedullary spinal abscesses recur
in 25% of cases. Kurita et al. reported a successfully treated case with the use of antibiotics

151



J. Clin. Med. 2022, 11, 5148

alone, while Gupta et al. reported a bad outcome from medical treatment alone and em-
phasized the need for early surgical drainage. There were poor outcomes for ISCA in the
pre-antibiotic era, but favorable outcomes can be reached through prompt diagnosis, early
and adequate surgical intervention, and antibiotics [1,9].

We were delayed in treating our ISCA case accurately because of the initial misdiag-
nosis and the patient’s severe paraplegia, which showed no neurological recovery after
first surgery. This initial failure to improve was probably caused by a neurological insult
incurred from infarction of the cervico-dorsal cord and the delay in surgical treatment.
After 11 months the patient underwent the second surgery, after which his neurological
deficits improved, and he was able to walk with support after three days.

In general, a good prognosis can be achieved by early drainage and antibiotic infu-
sion [1]. The only significant factors influencing the outcome for ISCA patients are the
administration of antibiotics and the time between the onset of symptoms and surgery.
Simon et al. reported the deaths of 20% of ISCA patients, residual neurological deficits in
60%, and a 20% recovery rate without sequelae. Patients who did not develop neurological
sequelae continued with surgical drainage at a median time from surgery of 1.5 days (range
1–8 days) after hospitalization. Patients who developed neurological sequelae continued
with surgical drainage for a median time from surgery of four days (range 1–78 days)
after hospitalization. The median time from the onset of symptoms to surgery for those
without neurological sequelae was seven days; it was 22 days (range 2–1088 days) for
those who developed neurological sequelae. Moreover, a patient’s outcome can be related
to the pace of onset of symptoms. Patients developing symptoms in under four days
have a mortality rate of 90%, while those whose symptoms last more than seven days
have a mortality rate of 67% [76]. Recently, Kurita et al. found no significant difference
between surgically and non-surgically treated patients in the frequency of neurological
sequelae, but the number of cases in their study was small and the surgically treated group
had significantly more extensive abscesses. Thus, patients should receive an appropriate
treatment strategy according to their clinical state. A number of patients still experience
marked functional neurological impairment, including paraplegia, because of recurrent or
chronic abscess formation or spinal cord infarction, despite better prognoses today thanks
to advanced surgical techniques and effective antibiotic treatment [1,9]. Our review also
revealed that the recovery group received earlier treatment than the persistent, residual,
and death groups, though the difference was not significant. Early diagnosis and surgical
evacuation, along with broad-spectrum antibiotics, can result in a favorable neurological
outcome, as evidenced by our case.

The present case is unique due to its preoperative neuroradiological definitive di-
agnosis and atypical neuroimaging features, as the findings of MRI were not pertinent
for diagnosis of spinal cord abscess. The MRI images did not reveal the characteristic
findings of intramedullary spinal cord abscess, including expansion of spinal cord by a
ring-enhancing lesion and surrounding edema, which resulted in difficulties in preopera-
tive neuroradiological definitive, and initial diagnosis of neurogenic tumor with abscess.
Therefore, we believe that this unusual case will be useful in the diagnostic and patient-
specific treatment planning for clinicians and neurosurgeons encountering similar cases
of ISCA.

6. Conclusions

ISCA is rare and may be associated with underlying pathological conditions that
can lead to the formation of a spinal intramedullary abscess. Initial symptoms can be
misleading, so a thorough history with precise localization and early diagnosis is valuable.
Serious consequences, including risks of severe sequelae and mortality, can result from
intramedullary abscesses. A high index of suspicion for proper diagnosis and timely inter-
vention is required to prevent mortality and neurological injury. Contrast-enhanced MRI
and novel application of DWI at appropriate levels is the ideal investigation for accurate
diagnosis. Any misdiagnosis or delay in adequate treatment can lead to unfavorable out-
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comes, though the diagnosis is likely to be challenging because the condition is rare. Our
case is a clear example thereof. Long-term follow-up is also essential in order to monitor
for abscess recurrences.
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