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Abstract

Rationale and objective To investigate the MR characteristics of phlegmonous stage and abscess stage primary
spinal epidural abscess.

Materials and methods This study retrospectively analyzed the clinical and imaging characteristics of 27 cases of
pathologically confirmed primary spinal epidural abscess. Predisposing conditions of all patients were collected. Al
patients underwent conventional magnetic resonance imaging, while fifteen patients also underwent post-contrast
magnetic resonance imaging.

Results The initial symptoms included back pain in 25 patients, fever in 18, motor deficit in five, and sensory changes
in 13. Underlying diseases included distant site of infection in seven, injection therapy in five, neoplasm in five, chronic
inflammatory disease in five, diabetes mellitus in four, alcoholism in three, metabolic disorder in three, hepatopathy

in three, and obesity in two. Abscess location was ventral epidural space in 15 patients (55.6%) and dorsal epidural
space in 12 (44.4%). On T1-weighted image, the abscess was hypointense to the spinal cord in 23 patients (85%)

and isointense in four (15%). All abscesses were hyperintense to the spinal cord on T2-weighted image. Among the

15 patients who underwent contrast-enhanced imaging, ring enhancement was present in 13 and homogeneous
enhancement in two. Adjacent vertebrae body edema was present in four patients. The abscess was purely intraspinal
in 25 patients (92.6%). Paraspinal extension was present in two (7.4%).

Conclusion Primary spinal epidural abscess patients have one or more predisposing conditions. Phlegmonous
stage primary spinal epidural abscess appears isointense on T1WI and hyperintense on T2WI and enhancement is
homogeneous. Abscess stage primary spinal epidural abscess hyperintense on T2WI and hypointense on T1WI and
ring enhancement. Presence of vertebral body edema is an important sign to help diagnose primary spinal epidural
abscess.
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Table 1 Etiologic agents in the 27 PSEA patients
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Table 2 Underlying disease in 27 patients with primary spinal

cause Number of patients epidural abscess
Staphylococcus aureus 16 Comorbidity Frequency
Streptococcus 4 septic disease in case history 7
Enterococcus 2 injections therapy 5
Escherichia coli 2 neoplasma 5
Pseudomonas aeruginosa 1 chronic inflammatory disease 4
Proteus mirabilis 1 diabetes mellitus 4
Salmonella enteridis 1 alcoholism 3
metabolic disorders 3
. hepatopathy 3
Introduction obesity 5
1

Spinal epidural abscess (SEA) represents an accumu-
lation of purulent fluid or infected granulation tis-
sue within the spinal epidural space [1]. It is a rare
and challenging entity which presents with nonspe-
cific signs and symptoms. Most patients with an SEA
have one or more predisposing conditions [2, 3]. Pri-
mary SEA (PSEA) is caused by hematogenous spread of
pathogens from a distant focus of infection into the spi-
nal epidural space [4]. In general, patients with PSEA
have different underlying diseases and a wider range
of pathogens than those with secondary SEA. Here, we
summarize the imaging manifestations of 27 cases of
PSEA.

Materials and methods

Patients

We retrospectively reviewed the clinical and imaging
data of 27 patients with surgically and pathologically con-
firmed PSEA who were treated in our hospital between
September 2015 and November 2023. All patients had
undergone magnetic resonance imaging (MRI) per-
formed before surgery. Hospital ethics committee
approval was obtained. The requirement for informed
consent was waived owing to its retrospective design.

Etiologic agents

Causative agents of spinal epidural abscess are listed in
Table 1.The most common pathogen causing SEA was
Staphylococcus aureus in 16 cases. This S aureus is fol-
lowed by Streptococcus in 4 cases. Less common caus-
ative pathogens include Enterococcus, Escherichia coli,
Pseudomonas aeruginosa, Proteus mirabilis,and Salmo-
nella enteridis.

MRI technique

Sagittal T1-weighted imaging (T1WI), sagittal and
transverse T2WI, and sagittal short tau inversion
recovery (STIR) imaging were performed. Fifteen
patients also underwent additional contrast-enhanced
axial, sagittal, and coronal T1WI using intravenous
gadolinium  diethylenetriamine pentaacetate (0.2
mmol/kg). Slice thickness and slice gap was 3 mm and
0.8 mm, respectively.

endocarditis

Image analysis

Region of PSEA, number of lesions, affected level, loca-
tion of PSEA relative to the thecal sac, lesion signal inten-
sity, presence of edema in the adjacent vertebrae body,
and presence of paraspinal extension were independently
analyzed by two radiologists. Any discrepancies were
resolved by discussion and consensus.

Results

Patient characteristics

Fifteen were men and 12 were women. Mean patient age
was 47.18+6.35 years (range, 35-58). The most common
symptom was back pain (25 patients, 92.6%), followed
by fever (18 patients, 66.7%). Five patients presented
with a motor deficit (18.5%) and 13 with sensory change
(48.1%).

Underlying disease

Underlying diseases are shown in Table 2. Twenty-one
patients (78%) had at least one comorbidity. Twenty
(74%) had a disease associated with altered immune func-
tion, including malignancy, diabetes mellitus, alcoholism,
metabolic disorders, hepatopathy, and obesity. Chronic
inflammatory diseases or another septic condition was
present in 12 patients (44%). latrogenic infection aris-
ing from an injection at a distant site was present in five
(19%). The source of infection was unclear in six patients.

Imaging features

PSEA imaging characteristics are shown in Table 3. PSEA
location was thoracic in nine patients (33.3%), thoraco-
lumbar in five (18.5%), lumbar in 12 (44.4%), and lumbo-
sacral in one (3.7%). The abscess spanned two vertebral
levels in six patients (22.2%), three levels in 10 (37%), and
four levels in nine (33.3%). The abscess was ventral to the
thecal sac in 15 patients (55.6%)(Figs. 1 and 2) and dorsal
in 12 (44.4%)(Figs. 3 and 4).

On T1WI, the PSEA was isointense to the spinal cord
in 4 patients (15%)(Fig. 1A) and hypointense in twenty-
three (85%)(Fig. 3A). All PSEAs were hyperintense to
the spinal cord on T2WI. Among the 15 patients who
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Table 3 Magnetic resonance imaging characteristics in 27
patients with primary spinal epidural abscess

Characteristics Frequency (%)
Region of spine
Thoracic 9(33.3)
Thoracolumbar 5(18.5)
Lumbar 12(44.4)
Lumbosacral 1(3.7)
No. of affected levels
2 6(22.2)
3 12(44.4)
4 9(33.3)
Location of abscess relative to thecal sac
Ventral 15(55.6)
Dorsal 12(44.4)
Signal intensity
TIWI
hypo-intense 23(85)
iso-intense 4(15)
T2WI
hyperintense 27(100)
Contrast enhanced*
ring-enhanced 13(87)
homogeneous 2(13)
Vertebrae body edema 4(14.8)
Confined intraspinal 25(92.6)
Paraspinal extension 2(7.4)

T1WI, T1-weighted imaging; T2WI, T2-weighted imaging
*Fifteen patients underwent contrast-enhanced imaging

underwent contrast-enhanced imaging, ring enhance-
ment was present in 13 and homogeneous enhancement
in two.
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Vertebral body edema was present in four patients.
Two vertebral body edemas in three patients and one
vertebral body edema in one patient. Vertebral body
edema appeared as mildly hypointense on T1WI and
mildly hyperintense on STIR imaging(Figs. 1C and 3C).
The involved vertebral body exhibited mild enhancement
on contrast-enhanced imaging(Figs. 2A and B and 4A
and B). Among these, the abscess was located ventral to
the thecal sac in three and dorsal in one.

The abscess was purely intraspinal in 25 patients
(92.6%). Paraspinal extension was present in two (7.4%).
One of the abscesses with paraspinal extension was
located ventral to the thecal sac, extended along both
intervertebral foramina, and compressed the right psoas
major(Figs. 1D and 2C). This abscess appeared homo-
geneously and moderately hyperintense on T2WI and
strongly enhanced on contrast-enhanced images. His-
tological features consistent with phlegmonous stage
SEA(Fig. 5).The other with paraspinal extension was
located dorsal to the thecal sac and involved the para-
spinal muscles bilaterally(Figs. 3D and 4D). The para-
spinal muscles appeared hypointense on T1WI and
hyperintense on T2WI. On contrast-enhanced imaging,
this abscess exhibited ring enhancement(Fig. 4C). Histo-
logical features consistent with abscess stage SEA(Fig. 6).

Discussion

Infections of the spine present with a variety of nonspe-
cific signs and symptoms, which makes them challeng-
ing to diagnose. Such infections include osteomyelitis

Fig. 1 Phlegmonous stage primary L4-5 spinal epidural abscess in a 37-year-old man. (A) Sagittal T1-weighted imaging shows a fusiform homogeneously
isointense lesion ventral to the thecal sac at L4-5. Edema is present in the L4 and L5 vertebral bodies (arrows). (B) On sagittal T2-weighted imaging, the le-
sion appears homogeneously hyperintense. (C) On sagittal short tau inversion recovery imaging, the vertebral body edema appears mildly hyperintense
(arrows). (D) Axial T2-weighted imaging demonstrates the lesion extending through the neural foramina on the right into the paraspinal region (arrow)
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Fig.2 Contrast-enhanced T1-weighted imaging of the same patient as in Fig. 1. (A) The abscess and the L4 and L5 vertebral bodies exhibit enhancement
on the sagittal imaging. (B) Coronal imaging also demonstrates L4-5 vertebral body enhancement. (C) Both the epidural and paraspinal components of
the abscess show considerable homogeneous enhancement on the axial imaging (arrow)

Fig. 3 Abscess stage primary L3-5 spinal epidural abscess in a 41-year-old man. (A) On axial T1-weighted imaging, the abscess is hypointense and dorsal
to thecal sac. Mild vertebral body edemais seen in the L4 and L5 vertebral bodies (arrows). (B) The abscess appears hyperintense on sagittal T2-weighted
imaging. (C) Sagittal short tau inversion recovery imaging shows mild hyperintensity within the L4 and L5 vertebral bodies (arrows). (D) Axial T2-weighted

imaging shows an abscess in the posterior paraspinal muscles (arrow)

and epidural, subdural, and intradural abscesses [5]. SEA
represents the accumulation of purulent material in the
space between the dura matter and the osseoligamentous
confines of the vertebral canal and is relatively uncom-
mon. The annual incidence of SEA is 2 to 3 cases per
10,000 hospital admissions [5]. SEA is associated with a

relatively high rate of morbidity and mortality. Although
first mentioned by Morgagni in 1761, the condition was
not clearly defined as a clinical entity until 1820 by Ber-
gamaschi [6, 7].

Most SEA patients have one or more predisposing con-
ditions such as an underlying disease (diabetes mellitus,



Jiang et al. BMC Medical Imaging (2024) 24:278

Page 5 of 7

Fig. 4 Contrast-enhanced imaging of the same patient as in Fig. 3. The vertebral body edema mildly enhances (arrows) on the sagittal (A) and coronal
(B) images. The posterior paraspinal muscle abscess exhibits ring enhancement on the coronal (C) and axial (D) images

Fig. 5 Hematoxylin-eosin staining of a histopathologic specimen shows chronic granulomatous inflammation and fibrinoid exudation. A large number
of neutrophils, plasma cells, lymphocyte infiltrates, and small vessel proliferation are also demonstrated (x100)

alcoholism, human immunodeficiency virus infection) or
a local or systemic source of infection (skin or soft-tissue
infection, osteomyelitis, urinary tract infection); invasive
procedures such as acupuncture and various types of
diagnostic or therapeutic injection may also be a source
of infection associated with SEA [3]. Patients with PSEA
have different underlying diseases and a wider range of
pathogens than those with secondary SEA [4].

The study of cerebrospinal fluid (CSF) is helpful
in contributing to the etiology of the infectious dis-
ease [8].In three quarters of patients whose CSF is

evaluated, CSF analysis shows a high level of protein
and pleocytosis (with either a polymorphonuclear or
a mononuclear predominance) [3].Chemical analysis
almost uniformly shows a protein level of >0.45 g/l and
a lactate value>2umol/l [9].The concentration of pro-
tein was not related to the severity of the spinal block
as shown by myelography. Glucose was low (<50 mg/
dl) in 54% patients. Cultures of CSF were positive in
25% patients [10]. The findings are suggestive of para-
meningeal inflammation but are not specific for epi-
dural infection [3]. However, CSF cultures are positive
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Fig. 6 Hematoxylin-eosin staining of a histopathologic specimen demonstrates pyogenic inflammation and multiple areas of neutrophilic infiltration
(x100)

in less than 25% of patients whose CSF is microbiologi-
cally assessed [3]. Needle puncture of the dura carries
the risk of seeding the intrathecal compartment with
resultant meningitis and the procedures should not be
done until after spinal epidural abscess has been ruled
out [11].

SEA may be difficult to diagnose because the early
signs and symptoms are nonspecific and shared by other
types of pathology. As a result, the diagnosis may be
delayed. The most common symptoms are fever, motor
deficit, and back pain. However, this classic clinical triad
is present only in a minority of patients [4]. The triad
may indicate a progression to irreversible symptoms [12].
SEA-related motor deficit is believed to be caused by a
combination of mechanical compression of the spinal
cord and/or nerve roots as well as ischemia from vascular
compromise [13, 14].

SEA may occur after spinal trauma, spinal injection,
spinal surgery, or after the direct introduction of patho-
gens into the epidural space. This type of SEA is called
secondary SEA. In contrast, PSEA results from hema-
togenous spread of pathogens from a distant focus of
infection into the spinal epidural space [4]. Many cases of
PSEA represent local extension of vertebral body osteo-
myelitis. Cases in which microorganisms gain access
to the epidural space and proliferate without vertebral
body involvement are rare and particularly challenging to
diagnose.

MRI is the imaging method of choice to diagnose SEA
because it delineates both the longitudinal and paraspinal
extension of the abscess [15] and can demonstrate spi-
nal cord compression [14]. Because SEA is more likely to
develop in areas with a larger epidural space that contain
infection-prone fat, it is more commonly located poste-
rior to the thecal sac and in the thoracolumbar region.
One study reported that 82% of SEAs are posterior to the
thecal sac and 18% are anterior [13].

Two main SEA patterns can be observed on MRL
phlegmonous stage and abscess stage. The phlegmonous
stage is seen as a homogeneously enhancing area which
represents granulomatous tissue, microabscess, and pus
collection. This stage appears isointense on T1WI and
hyperintense on T2WI and enhancement is homoge-
neous. The abscess stage is surrounded by inflammatory
tissue which shows a heterogenous degree of peripheral
enhancement. In this stage, the collection appears hyper-
intense on T2WI and hypointense on T1WI and ring
enhancement is common. Diffusion-weighted imaging
frequently demonstrates restricted diffusion within the
abscess [16]. The imaging findings in our patients in this
series are consistent with those reported by Numaguchi
et al. [16]. However, diffusion-weighted sequences were
not performed in our study.

The spinal epidural space is a potential space contain-
ing a rich venous plexus. The venous drainage of the spi-
nal column and epidural space communicates with the
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systemic circulation via Batson’s plexus, a bidirectional,
valveless venous network [14]. The venous plexus allowed
the SEA result in vertebral body edema. Four patients in
our study exhibited vertebral body edema, including ones
with an SEA located both dorsal and ventral to the thecal
sac. Vertebral body edema appeared as mildly hyperin-
tense signal on STIR and enhanced slightly. The presence
of such edema may differentiate SEA from neurogenic
tumors. One patient in our series was in the phlegmon-
ous stage of infection—the lesion was isointense on
T1WI and extended along the intervertebral foramen. We
initially misdiagnosed it as a neurogenic tumor. When re-
reviewing the images after surgery, we noted that the ver-
tebral body edema should have indicated that it was SEA.
In another patient, the SEA was dorsal to the thecal sac
and edema in two vertebral bodies was present.

In conclusion, SEA is challenging to diagnose owing to
its rarity and insidious presentation. Its ability to cause
a rapid precipitous neurologic decline emphasizes the
importance of accurate diagnosis and early intervention.
Risk factor screening is far more sensitive than the classic
triad because the triad is usually absent in most patients.
Misdiagnosis of PSEA mainly occurs in the phlegmon-
ous stage because of atypical imaging findings. However,
those in the abscess stage usually demonstrate typical
imaging findings, such as peripheral or ring enhance-
ment. Presence of vertebral body edema is an important
sign to help diagnose PSEA, especially for those in the
phlegmonous stage.
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SEA Spinal epidural abscess
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