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Abstract

Background Pathologies affecting the conus medullaris and cauda equina can present with overlapping clinical
symptoms, making an accurate diagnosis essential. Conus medullaris syndrome results from damage at the T12-L2
level, while cauda equina syndrome arises from nerve root compression below the conus. Both conditions may cause
motor deficits, sensory disturbances, and autonomic dysfunction, necessitating a detailed differential diagnosis.

Objective This educational review highlights common and rare etiologies of conus medullaris and cauda equina
lesions, emphasizing imaging characteristics and diagnostic considerations. A comprehensive review of tumors,
infections, inflammatory, vascular, and degenerative conditions affecting these regions was performed. Contrast-
enhanced MRI was identified as the gold standard for diagnosis.

Revised pathologies

* Tumors: myxopapillary ependymomas and schwannomas are the most frequent neoplasms, while drop metastases and
glioblastomas represent rarer entities.

* Infections: tuberculous arachnoiditis, bacterial radiculitis, schistosomiasis, and neurocysticercosis may mimic neoplastic
processes.

* Inflammatory disorders: Guillain—Barré syndrome, neurosarcoidosis, and MOGAD may cause nerve root thickening and
enhancement.

* Vascular lesions: spinal dural arteriovenous fistulas, infarcts, and arteriovenous malformations can produce conus and
cauda equina symptoms.

* Miscellaneous causes: developmental anomalies like diastematomyelia and ventriculus terminalis, along with
degenerative diseases, can mimic other conditions.

Conclusion Radiologists play a pivotal role in differentiating conus medullaris and cauda equina pathologies. A
thorough understanding of imaging findings is essential for accurate diagnosis and effective management.
Critical relevance statement Conus medullaris and cauda lesions present with overlapping clinical symptoms but
show some distinct imaging patterns. It is essential to recognize characteristic features that differentiate neoplastic
from infectious or vascular etiologies.
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* Conus and cauda lesions have varied causes; MRI with contrast is vital for accurate diagnosis.
* Myxopapillary ependymomas cause vertebral scalloping; schwannomas may be cystic; intramedullary gliomas expand

the cord.

* Conus medullaris and cauda lesions overlap clinically; imaging helps distinguish neoplastic from infectious or vascular

causes.
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Introduction

Disorders affecting the conus medullaris and the nerve
roots of the cauda equina often produce overlapping
clinical symptoms, making differentiation challenging
[1]. The conus medullaris, forming the terminal segment
of the spinal cord, typically resides at the T12-L1 ver-
tebral level. Injury or disease at this junction-particularly
between T12 and L2-can result in conus medullaris
syndrome, which is characterized by a combination of
upper and lower motor neuron deficits due to involve-
ment of both the spinal cord and adjacent nerve
roots [2].

In contrast, cauda equina syndrome arises from damage
or compression of the nerve roots below the conus, most
commonly due to acute herniation of a lumbar inter-
vertebral disc, but also from other causes such as trauma,
tumors, or infections. This syndrome is considered a

neurological emergency and, while rare, has an estimated
incidence of about 1 in 65,000 individuals [1, 3].

The clinical manifestations of cauda equina syndrome
can develop suddenly or progress over time, and diagnosis
generally requires the presence of at least two hallmark
features: sensory disturbances in the perianal or “saddle”
region, and dysfunction of bowel, bladder, or sexual
function. Additional symptoms may include low back
pain, radiating leg pain, lower limb weakness, diminished
reflexes, and sensory changes in the legs [1, 3, 4].

Patients with conus medullaris syndrome may similarly
present with severe back pain, saddle anesthesia, urinary
retention, bowel incontinence, and lower limb weakness.
However, a distinguishing feature is the simultaneous
presence of upper and lower motor neuron signs, whereas
cauda equina syndrome results exclusively in lower motor
neuron deficits [1, 2, 5].
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Fig. 1 36-year-old patient with a history of cerebral palsy, admitted for urinary retention and sepsis. A Unenhanced CT of the spine showing an isodense
expansile mass lesion with posterior vertebral body and posterior elements scalloping (blue arrows). T1 postcontrast (B image), T2W (C image) images
showing a large well-defined smooth, expansile mixed signal, heterogeneously enhancing intradural, extramedullary mass arising from the filum

terminale and extending from T11 to L2 (yellow arrow). This is truncating the conus and obliterating the central canal with cauda equina compression

(red arrow)

Given the clinical overlap and the potential for systemic
conditions to affect both the conus medullaris and cauda
equina, radiologists play a crucial role in identifying the
underlying etiology using advanced imaging, particularly
MRI. Some pathologies may present with atypical or
widespread symptoms, further complicating the clinical
picture [3, 4].

This review aims to outline the most frequent and
important causes to consider when evaluating lesions in
the conus medullaris and cauda equina regions, as well as
to highlight less common entities that should be included
in the differential diagnosis. The goal is to enhance
diagnostic accuracy and guide appropriate management
by recognizing both typical and unusual imaging patterns.

Recommended imaging modalities and protocol

The most important imaging modality for diagnosing
lesions of the conus medullaris and cauda equina is
magnetic resonance imaging (MRI), as it provides super-
ior soft tissue contrast, detailed anatomic resolution, and
direct visualization of the spinal cord, nerve roots, and
associated pathology [6]. MRI is considered the gold
standard for both syndromes, far surpassing other mod-
alities such as CT, which is primarily of value when MRI is
contraindicated or to assess bony integrity [6, 7]. The
recommended MRI protocol for evaluating the conus
medullaris and cauda equina should include mandatory
sequences: sagittal and axial T1-weighted (T1W) images,
sagittal and axial T2-weighted (T2W) images, and a
sagittal STIR (short tau inversion recovery) or fat-

suppressed T2 sequence. These sequences are critical
for identifying compressive or infiltrative lesions, inflam-
matory changes, and assessing nerve root involvement
[6-8]. Optional sequences include postcontrast (gadoli-
nium-enhanced) T1W images are indicated if neoplasm,
infection, or inflammatory etiology is suspected.
Advanced sequences like T2-SPACE or diffusion imaging
are helpful for improved nerve root characterization and
spinal pathology assessment [6—8].

Tumor

The usual suspects

Myxopapillary ependymoma

Myxopapillary ependymomas are a type of ependymoma
that mainly occur in the filum terminale and conus
medullaris [9-11].

They are one of the most common tumors in the cauda
equina region and are primarily intradural and extra-
medullary spinal tumors that occur in the lumbosacral
spine [9, 11-13]. Rarely, they can arise in the cervi-
cothoracic spine or fourth ventricle [12].

On imaging, myxopapillary ependymomas are well-
defined tumors that can be sausage-shaped and span
more than one vertebral level, where they can cause
scalloping of the vertebral bodies (Fig. 1A) [10, 11]. They
usually show isointensity on T1W and overall high
intensity on T2W sequences (Fig. 1C). As more atypical
findings, low signal intensity may be seen at the tumor
margins due to hemorrhage, and calcification may lead to
regions of low T2 signal. The enhancement pattern is
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Fig. 2 Seventy-year-old male patient with an incidentally identified mass in routine Abdominal CT (not shown). Sagittal and axial T2W (A, €) and Sagittal
T1 Fatsat postcontrast (B) images showing an uniloculated cystic intradural extramedullary lesion at T11-L1 levels (blue arrows). The lesion is anteriorly
displacing the cauda equina (red arrow) and compressing the conus towards the left (yellow arrow)

typically homogeneous and virtually always seen on T1W
sequences postcontrast (Fig. 1B) [9-12].

They are generally slow-growing, but they are con-
sidered World Health Organization (WHO) grade 2
tumors that can sometimes metastasize [11, 14]. Surgical
excision is often successful, and the prognosis is excellent,
with a 5-year survival rate over 98%. Some locally
aggressive sacral lesions metastasize to lymph nodes,
lungs, and bone [14]. Aggressive behavior is more com-
monly seen in children [9].

Cystic schwannoma

Schwannomas are benign nerve sheath tumors in the
spinal canal that arise from nerve roots [12]. They are the
most common nerve sheath tumors of the spine
[10, 12, 15]. Schwannomas typically appear as solid, well-
defined masses and are usually intradural extramedullary
in location [16].

Schwannomas have a greater incidence in people
between the fifth and seventh decades of life. Most spinal
schwannomas are solitary and sporadic (95%) [10, 12, 13].
However, they are sometimes associated with neurofi-
bromatosis type 2 (NF2) [12].

MRI is the imaging modality of choice to identify
Schwannomas, which usually appear as solid, well-
defined, rounded sausage-shaped masses, often with
associated adjacent bony remodeling [15, 17, 18].
Although they can appear identical to neurofibromas and
meningiomas, schwannomas are frequently associated
with hemorrhage, intrinsic vascular changes (thrombosis,
sinusoidal dilatation), cyst formation (Fig. 2), and fatty

degeneration [19]. These findings are rare in neurofi-
bromas. Schwannomas are usually isointense on T1
(75%), hyperintense on T2 (Fig. 2A, C), often with mixed
signal (95%), and demonstrate postcontrast enhancement
in virtually 100% (Fig. 2B). Melanotic schwannomas are
an exception to the above signal characteristics, as they
show high T1 and low T2 signal, given their content of
melanine [16, 17, 20].

Surgery is the preferred treatment for these slow-
growing tumors, and gross total resection is usually
curative for patients with sporadic tumors [13, 15, 20].

Leptomeningeal metastases (LM)

LMs are a complication that can occur in the later stages
of systemic malignancies [21]. They affect around 5-10%
of patients with solid and hematologic neoplasms and can
lead to the development of new neurological deficits
[21-23].

The most common solid tumors causing LM are lung
cancer (particularly non-small cell lung cancer with EGFR
mutations and ALK rearrangements), breast cancer
(especially HER2-positive and triple-negative subtypes),
and melanoma [23, 24]. Additional important causes
include renal cell carcinoma, gastrointestinal cancers, and
hematologic malignancies such as acute lymphoblastic
leukemia and non-Hodgkin lymphoma. These malig-
nancies demonstrate varying propensities for leptome-
ningeal involvement, with melanoma and lung
adenocarcinoma showing the highest involvement [25].

These metastases can be detected with contrast-
enhanced MRI follow-ups, which show nodular or
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Fig. 3 Fifty-four-year-old male patient with headaches and gait disturbances. Whole spine MRI with T2 (A, C) T1 postcontrast images (B, D) showing T2
well-defined, confluent, T2 isointense (blue arrows) and homogeneously enhancing intradural lesions (red arrows) starting from C7 and extending
caudally towards L1. The lesions are displacing anteriorly and compressing the spinal cord

diffuse meningeal enhancement (Fig. S1) [21]. High-
volume cerebrospinal fluid (CSF) taps can then confirm
their presence [21, 26]. While there are several systemic
therapeutic options available, the main goal of treatment
is palliation, as the mean survival time ranges from 3-6
months [23].

Beyond the usual

Drop metastases

Drop metastases refer to the spread of a primary brain
tumor through the subarachnoid space, resulting in
intradural extramedullary metastatic lesions of the spine
[23, 26, 27]. They are located inside the dura but outside
the spinal cord, and usually originate from brain tumors
such as pineal tumors, ependymomas (Fig. 4), medullo-
blastomas, primitive neuroectodermal tumors (PNET),
and high-grade gliomas [28].

Medulloblastoma is the most common source,
accounting for half of the patients with drop metastases. It
is typically diagnosed in children under 10 years of age,
with a smaller peak incidence between 15 years and 35
years of age [9, 28]. Glioblastoma is the second most
common tumor, occurring in 1% of cases and in 15% of all
patients with drop metastases [23, 26, 27].

In children, the most common tumors that lead to drop
metastases are medulloblastomas, ependymomas, germino-
mas, and pineoblastomas, while choroid plexus neoplasms
and teratomas are less common [9, 28]. Germinomas and
pineoblastomas are the two most common types of pineal
tumors that cause drop metastases [29].

Ependymomas are a type of CNS tumor that make up
3-6% of all cases [30]. Almost 50% of ependymomas
originate from the spinal cord and are the most common
type of primary intramedullary spinal cord tumors,
accounting for 30-45% of these cases [30—32]. Higher-
grade tumors are more likely to cause drop metastases
and leptomeningeal spread of disease (Fig. 3) [31].

Conus intramedullary metastases

Intramedullary spinal cord metastasis (ISCM) is a rare
clinical condition that accounts for only 0.1-0.4% of all
patients with malignant lesions and 4-8.5% of central
nervous system (CNS) metastases [33].

Lung malignancies are the most common primary
source, accounting for approximately 40% of reported
cases [24]. Adenocarcinoma of the lung demonstrates a
particular predilection for intramedullary spinal cord
seeding, including the conus medullaris region [34].
Breast adenocarcinoma constitutes the second most fre-
quent primary tumor, representing approximately 20% of
conus medullaris metastases [34]. Other malignancies
include renal cell carcinoma, prostate adenocarcinoma,
and malignant melanoma. Less commonly reported pri-
mary sources include ovarian carcinoma, thyroid carci-
noma, pancreatic adenocarcinoma, endometrial
adenocarcinoma, and colorectal carcinoma [24, 34, 35].

MRI of the whole spine will reveal an enhancing lesion
within the conus medullaris with associated surrounding
edema [33, 36].
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Fig. 4 Fifty-six-year-old male presenting with low back pain, lower extremity numbness, and weakness. A T2 Sagittal image shows a hyperintense lesion
in the conus, with significant cord expansion (blue arrows). B T1 Fatsat postcontrast sagittal (B) and axial (C) images show prominent enhancement of

the expanded conus

Primary conus medullaris glioma
Primary spinal glioblastoma multiforme (GBM) is an
extremely malignant tumor [37, 38]. The median survival
rate for patients diagnosed with this condition, even after
comprehensive treatment, is only 14 months [38].
Primary spinal GBM usually develops in young adults
(26—40 vyears), involving predominantly the cervical and
thoracic cord, and is rare in the conus medullaris region
(Fig. 4) [37, 38]. The initial imaging method recognized
for diagnosing intramedullary tumors is MRI, which may
show heterogeneous enhancement and cord expansion.
Gadolinium-enhanced MRI throughout the entire neuroaxis
is highly advised to exclude metastasis, evaluate treatment
effectiveness, and detect possible recurrence [38].

Infection
Usual suspects
Tuberculosis
Spinal manifestations of tuberculosis can present with a
myriad of complications, such as tuberculous radiculo-
myelitis, spinal tuberculoma, myelitis, syringomyelia,
vertebral tuberculosis, and rarely spinal tuberculous
abscess [39, 40]. The most characteristic spinal compli-
cation of tuberculous meningitis is tuberculous ara-
chnoiditis, which can lead to myeloradiculopathy [40].
In patients with spinal tuberculous meningitis, thick
exudates present around the distal segment of the spinal
cord and conus, as well as around the lumbosacral nerve
roots (Fig. 5), cause symptoms similar to those encoun-
tered in cauda equina syndrome [39, 40].

Bacterial spine infection
Bacterial spine infections are one of the potential causes
of back pain [41]. Primary pathogens responsible for spine

infection include Staphylococcus aureus, which accounts
for more than 50% of cases, and enteric gram-negative
bacilli, such as Escherichia coli [41, 42].

Infections in the spine can involve three distinct ana-
tomical spaces. These include the disk-endplate complex,
which can lead to discitis-osteomyelitis; the facet joints,
potentially resulting in septic arthritis; and the epidural
space, causing epidural abscess [42, 43].

Post-surgical radiculitis, seen on imaging as post-
contrast enhancement of the nerve roots of the cauda
equina, is a condition observed at least six months fol-
lowing surgery [41-43]. This enhancement is likely due to
the disruption of the blood-nerve barrier during surgery
or trauma [42, 43]. If a radicular infection is suspected,
MRI postcontrast fat-saturated T1 sequences can depict
augmented contrast enhancement of the roots (Fig. S2).
The clinical history however, is key to the diagnosis as the
enhancement is non-specific [42, 43].

Beyond the usual

Schistosomiasis

Schistosoma mansoni and Schistosoma haematobium are
the trematode species that can infect the CNS, with a
predominant spinal cord involvement [44-46]. It is
important to note that the clinical features of these
infections are not specific, and a diagnosis requires epi-
demiological data and laboratory investigations.

On imaging, conus expansion (Fig. 6A), nodular and
linear  intramedullary = enhancement  has  been
described and referred to as “arborized pattern of
enhancement” (Fig. 6B) [46]. These changes usually
regress with clinical improvement after treatment [45].
Atrophy of the spinal cord may occur in cases of long-
term disease [45, 46].
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Fig. 5 Sixty-six-year-old female presenting with progressive weakness and functional decline at home over the last few months. A (Sagittal T2W) and
B (Sagittal T1 Fatsat postcontrast). Diffuse abnormal nodular T2 hypointensity (blue arrows) and leptomeningeal nodular enhancement (yellow arrows)
along the entire surface of the conus and the cauda equina roots. C Diffuse leptomeningeal enhancement in the posterior fossa (red arrows)

Fig. 6 Sixteen-year-old female with bilateral progressive paresthesia in
both lower limbs. A Sagittal T2W image showing significant expansion
and abnormal signal of the conus and abnormal signal on T2. B Sagittal T1
postcontrast image showing associated areas of patchy nodular
enhancement

Cysticercosis

Neurocysticercosis arises from CNS infection with the
pork tapeworm, Taenia solium, endemic in most low-
income countries where pigs are reared. This form of

cysticercosis constitutes a significant factor contributing
to seizures in endemic regions [44, 47, 48]. Intraspinal
neurocysticercosis is a rare condition with a varying
incidence of 1-3% [47]. It is usually accompanied by
lesions in the brain due to the dissemination of CSF
[47, 48]. Isolated spinal cysticercosis is extremely rare
[47, 48]. The majority of spinal cysticercosis is extra-
medullary intradural in nature [48].

Typical MRI features of cysticercosis in the vesicular
phase include like in the brain, a cystic lesion with a well-
defined thin wall, and a mural nodule that represents the
scolex. In this stage, there is no evidence of postcontrast
enhancement. Arachnoiditis is rare and is probably caused
by an inflammatory reaction due to the rupture of a cyst
into the subarachnoid space [48]. Enhancement can be
present in the colloidal phase of the disease or in ara-
chnoiditis [48].

The potential differential diagnoses encompass ara-
chnoid cyst, ependymal cyst, neurenteric cyst, sarcoidosis,
and neoplasms. Notably, there are no pathognomonic
imaging features [49].

Lyme

Lyme disease, also known as borreliosis, is caused by the
bacteria Borrelia burgdorferi and is transmitted through
tick bites [50]. The disease has 3 stages: early localized,
early disseminated, and late disseminated [50, 51]. The
early stages may present with a rash, flu-like symptoms,
and neurologic or cardiac abnormalities. Late dissemina-
tion may lead to arthritis and neurologic deficits [50, 51].
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Fig. 7 Eighty-three-year-old female who presented with recurrent abdominal pain and hypothyroidism. A Syrinx of the central cord extending from T11
to T12 (blue arrow). B (sagittal T1 postcontrast) and C (axial T1 postcontrast) showing diffuse leptomeningeal enhancement surrounding the spinal cord
and the conus (yellow arrows), as well as thickening and enhancement of the cauda equina nerve roots (red arrows)

Neurologic manifestations include meningoradiculitis,
plexus neuritis, CNS involvement, and ocular manifesta-
tions [50-53]. Facial nerve involvement is common, and
CNS involvement can lead to encephalitis [50, 53]. Ocular
manifestations range from conjunctivitis to chronic
intraocular inflammation [53].

In Lyme disease, the spinal cord is rarely affected. When
it does occur, it is characterized by diffuse or multifocal
areas of T2 prolongation and associated nerve root
enhancement (Fig. 7) [50, 52].

Inflammatory

The usual suspects

Guillain-Barré syndrome (GBS)

GBS is a group of autoimmune polyradiculopathies that
affect the sensory, motor, and autonomic nerves, causing
rapidly progressive flaccid paralysis [54, 55].

GBS is usually preceded by upper respiratory tract
infections or diarrhea that occur one to three weeks
before the onset of symptoms [55]. Other factors that may
increase the likelihood of developing GBS include recent
surgery, lymphoma, and systemic lupus erythematosus
(SLE) [55].

The classical symptoms of GBS are symmetrical
ascending weakness, hyporeflexia, and variable sensory or
autonomic involvement [55]. It has different subtypes,
with the most common one being acute inflammatory
demyelinating polyradiculoneuropathy (AIDP), which is
often used interchangeably with GBS [54, 55].

Thickening (Fig. 8A) and contrast enhancement of
spinal nerve roots (Fig. 8B, C) in the cauda and conus

medullaris are typical imaging findings. Although the
anterior nerve roots are the most commonly affected site,
enhancement of the posterior nerve roots can also be
observed [54]. Intracranially, the facial nerve (CN VII) is
the most frequently affected cranial nerve [54, 55].

Sarcoidosis

Neurosarcoidosis is an uncommon manifestation of sar-
coidosis, which can involve the nervous system in various
ways, leading to peripheral or cranial neuropathy, or
disease. Cauda equina involvement by sarcoidosis is par-
ticularly rare [56].

The preferred imaging technique for the initial diag-
nosis is an MRI of the entire spine with and without
contrast [56, 57]. Characteristic findings include nodu-
larity of the spinal nerve roots, diffuse involvement of the
cauda equina, and often simultaneous leptomeningeal and
pachymeningeal enhancement (Fig. S3) [57].

Beyond the usual

Chronic inflammatory demyelinating polyradiculoneuropathy
(CIDP)

CIDP is generally considered a chronic form of GBS that
affects peripheral nerves. It causes gradual and prolonged
muscle weakness, areflexia, and sensory changes lasting
over two months [58, 59]. Whole spine MRI is the ima-
ging modality of choice used to identify CIDP, char-
acterized by thickening and enhancement of the
peripheral nerves, brachial and lumbosacral plexus, and
nerve roots of the cauda equina [58, 59].
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Fig. 8 Forty-five-year-old male who presented with symmetrical ascending weakness and areflexia. A Axial T2 image of the lumbar spine showing
thickening of the cauda equina nerve roots (blue arrow). B (axial T1 postcontrast) and C (sagittal T1 postcontrast) showing diffuse thickening and
enhancement of the nerve roots surrounding the conus medullaris (yellow arrow), as well as thickening and enhancement of the cauda equina nerve

roots (red arrow)

Fig. 9 Fifty-two-year-old male who presented with saddle anesthesia and incontinence. A Sagittal T2 image of the lumbar spine demonstrates mild
expansion within the conus medullaris. (blue arrow). B Sagittal STIR showing subtle abnormal high signal intensity (yellow arrow). C Sagittal T1
postcontrast showing diffuse “cloud-like” enhancement of the conus medullaris (red arrow)

Muscles supplied by the affected nerves show acute to
subacute changes in T2 signal and increased enhance-
ment (Fig. S4). Fatty atrophy may occur in chronic cases
[58]. Cranial and intercostal nerve involvement is
uncommon but possible in some patients [58, 59].

Myelin oligodendrocyte glycoprotein antibody-associated
disease (MOGAD)
MOGAD is an inflammatory demyelinating disorder
characterized by the presence of IgG antibodies to myelin
oligodendrocyte (MOG) [60]. Clinical presentation is
similar to other demyelinating conditions [60, 61]. Pre-
sentations include optic neuritis, transverse myelitis, acute
disseminated encephalomyelitis-like encephalomyelitis,
cortical encephalitis, and infratentorial syndromes [60—62].

MOGAD usually affects both the gray matter and the
central white matter. Lesions can be extensive (long-
itudinally extensive spinal cord lesions) or involve a short
segment [60].

The involvement of both gray and white matter forms
the H sign on axial view, and thin linear T2 hyperintense
signals on sagittal view [60].

The lower cord is often preferentially affected, with the
conus medullaris being classically affected (Fig. 9A, B)
[60, 62]. The presence of linear T2-hyperintensity in the
central canal is a commonly observed transient radiologic
feature in MOGAD and neuromyelitis optica spectrum
disorder (NMOSD) but not in Multiple Sclerosis (MS)
[63].

A helpful distinguishing feature is the presence of lep-
tomeningeal enhancement, relatively common in
MOGAD is rarely seen in MS and NMOSD. Additionally,
contrast-enhanced sequences may reveal heterogeneous
enhancement with blurred margins, referred to as
“cloudlike” enhancement (Fig. 9C), as well as a pattern of
linear, ‘pencil-thin’ enhancement of the ependyma
[60, 62].

Vascular

The usual suspects

Spinal dural arteriovenous fistulas

Spinal dural arteriovenous fistulas (SDAVFs) are the most
common type of spinal vascular malformation [64, 65].
Diagnosis is challenging, and symptoms develop over



Nersesyan et al. Insights into Imaging (2025)16:225

Fig. 10 Eighty-eight-year-old male who presented with progressive pain,
lower extremity weakness, or sensory changes. A Sagittal T2 image of the
thoracolumbar spine showing mild expansion and longitudinally
extensive high signal intensity within the distal cord and conus medullaris
(blue arrow), as well as prominent serpiginous intradural extramedullary
flow voids (red arrow). B Axial T2 image of the lumbar spine demonstrates
expansion and centrally located high signal intensity within the conus
medullaris (yellow arrows)

months to years and include pain, weakness, sensory
changes, and sphincter dysfunction, known as
Foix—Alajouanine syndrome [66].

Diffuse multilevel intramedullary hyperintensity occurs
due to edema [64, 66]. Regardless of the fistula’s location,
the T2 hyperintensity involves the conus medullaris in up
to 90% of cases, primarily due to orthostasis (Fig. 10A)
[65]. However, the segmental level of cord enlargement
and signal change does not necessarily correlate with the
location of the fistula [64, 67].

The most specific finding is the presence of prominent
serpiginous intradural extramedullary flow voids along
the dorsal aspect of the cord (Fig. 10B), which, if large
enough, may cause the cord’s surface to appear scalloped
[68, 69]. Patchy intramedullary enhancement could be
seen, as well as serpentine enhancement of the perime-
dullary veins along the cord surface [64—69].

The gold standard for the final diagnosis of spinal dural
arteriovenous fistulas is catheter-based spinal angiography
(digital subtraction angiography). This technique allows
precise identification of the fistula’s location, feeding
arteries, and venous drainage pattern, thereby guiding
appropriate treatment [64, 66, 70].

CT angiography is increasingly utilized and has shown
high sensitivity in localizing the fistula, especially with
advanced multi-detector and 3D techniques. Recent lit-
erature and imaging guidelines acknowledge that CT
angiography can successfully localize SDAVF in up to
75-78% of cases, making it an important tool, especially
when conventional spinal angiography is technically
challenging or contraindicated [71].

Page 10 of 15

Infarct

Spinal cord ischemia is a rare condition with a poor
prognosis [72] that can lead to sudden and severe para-
plegia and paraparesis, with quadriplegia or tetraplegia
observed in higher cord lesions [72, 73]. Most patients
experience sensory disturbance, and urinary catheteriza-
tion is required in most patients [73].

The supply of the conus medullaris primarily depends
on the artery of Adamkiewicz, which in approximately
76% originates from the left side of the aorta, between the
T8 and L1 segments, and connects with the anterior
spinal artery [72, 74].

An abnormal T2 signal within the cord is the primary
indicator of spinal cord infarction, and the signal pattern
will vary depending on the affected territory (Fig. 11A, D)
[72, 75].

* Anterior spinal artery infarct: typically manifests as
bilateral T2 hyperintensity involving the anterior
two-thirds of the cord, most evident on sagittal and
axial images with the classic “owl’s eye” sign on axial
T2. Clinical signs are often severe motor deficits with
or without dissociated sensory loss [8, 75, 76].

* DPosterior spinal artery infarct: T2 hyperintensity
localized to the dorsal aspect of the cord, presenting
with proprioceptive loss and sensory ataxia, but
relative preservation of motor function [72].

* Central infarct: involvement of the central cord,
sometimes secondary to venous infarction or
systemic hypoperfusion, can show symmetric T2
hyperintensity with or without cord expansion
[72, 76].

Diffusion-weighted imaging is increasingly used and can
reveal restricted diffusion (Fig. 11B, C) [75]. Vertebral
body infarction is present in 9-30% of the cases and can be
a useful confirmatory sign of spinal cord infarct [77].

Beyond the usual

Arteriovenous malformation (AVM)

Spinal AVMs are rare. They are characterized by an
abnormal connection between arteries and veins, with an
intervening nidus [78]. They have a clinical presentation
that is similar to spinal dural arteriovenous fistulas
(SDAVESs) [70, 78].

Angiography is the preferred imaging method of
investigation, but requires careful technique [70]. It is
important to note that the arterial supply may arise any-
where from the upper thoracic region to the sacral areas if
the lesion is around the conus, with little correlation to
the clinical level or visible nidus [70, 78].

The T1W sequences signal voids are observed due to
high-velocity flow, as well as cord indentation/scalloping
caused by the dilated perimedullary vessels [69, 70, 78].
The T2 signal voids are also due to high-velocity flow.
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Fig. 11 Forty-one-year-old male who presented with acute lower extremity weakness and back pain. A Sagittal T2 image of the lumbar spine
demonstrates mild expansion and diffuse abnormal high signal intensity within the distal cord and conus medullaris. (blue arrow). B (DWI) and C (ADC)
showing diffusion restriction in the conus medullaris (yellow arrow). D Axial T2 image of the lumbar spine demonstrates expansion and centrally located

high signal intensity within the conus medullaris (red arrow)

Fig. 12 Forty-seven-year-old female who presented with back pain. A Sagittal T2 showing focal central syrinx at the T12 and the L1 level (blue arrows).
B Duplicated dural sac separated by midline spur (yellow arrow). C Axial T2 showing incomplete fusion of the posterior elements of L5 (red arrow)

The T2 hyperintensity in the cord signal can result from
edema or myelomalacia [70, 78].

Miscellanea

Ventriculus terminalis

The ventriculus terminalis is a fusiform dilation of the
spinal cord’s terminal central canal, located at the tip of
the conus medullaris and lined with ependyma [79]. It
should not be confused with a filar cyst [79, 80].
Regardless of the imaging modality used to visualize the

spine, a ventriculus terminalis in newborns presents as a
cystic structure at the tip of the conus medullaris, typically
extending over 8—10 mm with a transverse diameter of
2—-4 mm. In childhood, it often persists as a small cystic
structure but is seldom identifiable in adults.

The MRI features typically include fluid signal char-
acteristics. On T1W images, it usually appears hypoin-
tense, while on T2W images, it typically appears
hyperintense (Fig. S5). Additionally, on T1 postcontrast
images, it generally does not show enhancement.
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Diastematomyelia

Diastematomyelia is a rare type of spinal dysraphism
(spina bifida occulta) that occurs when the spinal cord has
a longitudinal split [81, 82]. The clinical manifestations
are nonspecific and include cutaneous abnormalities
overlying the spine, neurologic deficits, and orthopedic
abnormalities [83].

Split cord malformations are divided into two types
based on the dural sac division [82, 83]. Type I features a
duplicated dural sac with a midline rigid osseous or car-
tilaginous spur that is usually symptomatic (Fig. 12) [82].
Type II has a single dural sac with a midline nonrigid
fibrous or fibrovascular septum, and impairment is less
marked [82].

A third of cases have an associated bony, cartilaginous, or
fibrous spur projecting through the dura mater forwards
from the neural arch. Vertebral anomalies like spina bifida,
butterfly, or hemivertebrae are common [81-83].

During an antenatal ultrasound, the identification of an
additional echogenic focus in the midline between the
fetal spinal posterior elements has been established as a
reliable indicator.

Recent literature and case reports confirm that diaste-
matomyelia can present de novo or be incidentally dis-
covered in adulthood, sometimes as isolated findings or
with non-specific neurological symptoms or tethered cord
syndrome [84].

MRI is the preferred imaging modality for evaluating
split cord malformations. It can accurately depict the
spinal cord and detect the presence of hydromyelia, if
present. Additionally, it can assess for the presence of
various associated anomalies, such as a meningocele or a
dermoid cyst.

Degenerative spine disease

The contrast enhancement of MR imaging depends on
three factors: the intravascular component, the extra-
vascular component, and the relaxation time properties of
the tissues [85].

The capillaries of the cauda equina have a blood-nerve
barrier, which prevents Gd-DTPA from leaking out of the
vessels in the normal state [85, 86]. However, if there is
cauda equina compression due to canal stenosis, intrar-
adicular circulatory disturbance and nerve degeneration
can lead to breakdown of the blood-nerve barrier [85, 86].
This breakdown can cause intraradicular edema, which
can lead to subsequent enhancement on MRI images
postcontrast (Fig. S6) [86].

Conclusion

Patients with a wide variety of benign and malignant
conditions, may present with conus or cauda equina
symptoms, including perianal and “saddle” paresthesia.
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bowel, bladder, and/or sexual dysfunction, low back pain,
radiculopathy, paresthesia or weakness of the lower limbs,
and abnormal lower limb reflexes. Contrast-enhanced
MRI of the spine is the imaging modality of choice for the
detection and evaluation of the underlying cause. Radi-
ologists should be familiar with the imaging features of
common and infrequent pathologies that may affect the
conus and the cauda equina to help narrow the differ-
ential diagnosis and guide treatment.
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