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Magnetic Resonance Imaging for Spine Emergencies
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Introduction

This chapter is devoted to the magnetic resonance imaging (MRI) evaluation of spine
emergencies, defined as spinal pathologies that pose an immediate risk of significant
morbidity or mortality to the patient if not diagnosed and treated in a timely manner.

The spinal cord (SC) is exquisitely sensitive to compression and vascular compromise.
Identifying signs of present or impending spinal cord compression and injury is central

to the MRI search pattern for spine emergencies. In many cases, the etiology of imaging
findings will be readily apparent, and the focus of spine MRI will be to describe

and appropriately classify the pathology to facilitate appropriate next steps in patient
management. To this end, up-to-date evidence-based imaging classification systems will

be reviewed. A subset of spine emergencies is without clear etiology. In these cases,

focus shifts to formulating a useful and narrow as possible differential diagnosis based

on pertinent MRI findings and to assist in guiding further evaluations that may yield

a definitive diagnosis, such as additional imaging, cerebral spinal fluid (CSF) studies,

or biopsy. This chapter will outline a practical approach to help navigate these various
scenarios and highlight key imaging features that can aid in narrowing the differential
diagnosis for the most commonly encountered spine emergencies. We begin with a summary
of MRI indications and MRI protocols tailored for a variety of spinal emergencies. A
review of key imaging findings for the most encountered emergent spine pathologies will
follow. Pathologies will be broadly grouped into traumatic and atraumatic pathologies. For
traumatic injuries, a practical and algorithmic diagnostic approach based on the AO Spine
injury classification system will be presented focused on subaxial spine trauma. Atraumatic
spinal emergencies will be dichotomized into compressive and non-compressive subtypes.
The location of external compressive disease with respect to the thecal sac is fundamental to
establishing a differential diagnosis for compressive emergencies, while specific patterns
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of spinal cord involvement on MRI will guide the discussion of inflammatory and
noninflammatory causes of non-compressive myelopathy.

ROLE OF MRI IN SPINAL EMERGENCIES

MRI is the gold standard imaging technique for many spinal emergencies. In the setting of
trauma, MRI is complementary to initial first line computed tomography (CT) evaluation

for a subset of patients::2. The American College of Radiology (ACR) has published
appropriateness criteria with recommendations for MRI as “usually appropriate” in patients
with confirmed or suspected spinal cord or nerve root injury?. Patients with mechanically
unstable spine injury for which surgical treatment is planned should also undergo spine MRI
for characterization of soft tissue injuries, including unstable discoligamentous disruption,
that may aid in surgical planning. Obtunded patients for whom clinical evaluation is not
feasible and may have negative CT findings are also recommended for MRI by ACR criteria,
although this recommendation is more controversial3.

In cases of nontraumatic spinal emergency, MRI is usually the preferred initial imaging
modality due to its excellent soft tissue contrast and ability to reliably identify compressive
SC pathology?. The ACR has published appropriateness criteria for MRI in patients
presenting with low back pain and generally limits imaging to those with red flag signs or
symptoms including suspected infection, immunosuppression, chronic steroid use, suspicion
for cancer, and patients with persistent or progressive symptoms following 6 weeks of
conservative therapy®. MRI is also recommended for any patient with progressive neurologic
deficits localized to the spinal cord, conus, or nerve roots/cauda equina.

MRI PROTOCOL FOR SPINAL EMERGENCIES

The ideal MRI protocol for patients with spine emergencies will vary depending on the
clinical scenario. Neurologically unstable patients for whom emergent surgical intervention
is needed may require an abbreviated examination tailored to address only emergent surgical
questions, such as localizing the level of spinal cord compression with a rapid T2-weighted
(T2W) sagittal survey of the spine and limited axial imaging at selected levels. Patients
with suspected inflammatory, infectious, or neoplastic conditions may need more thorough
imaging with inclusion of T1W pre- and post-contrast sequences. Fat suppression (FS) with
T2W and T1W-post contrast sequences is advised whenever spinal pathology may involve
extramedullary structures of the spine, such as vertebral bodies, ligaments or paraspinous
tissues. When a purely non-compressive myelopathy is suspected, FS may be unnecessary
and only impair signal to noise ratio or introduce unwanted artifacts for detailed spinal cord
evaluationS.

Increasingly, diffusion weighted imaging (DW1) has been incorporated into spine MRI
protocols and is generally helpful whenever clinical indications would suggest a need for
post-contrast imaging. This includes evaluation of the spine for infection and neoplastic
pathologies. Just as in the brain, DWI may also be helpful for diagnosing patients with acute
spinal cord infarcts. In the setting of traumatic spinal cord injury (SCI), many studies have
evaluated diagnostic and neuroprognostic roles of DWI’8. Despite intense investigation,
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applications for DWI in daily clinical practice for spine trauma remain lacking and future
studies are needed to validate utility of DWI beyond standard conventional sequences®.

When spinal vascular pathology is suspected time resolved MR angiography (MRA)
techniques may be useful for characterizing the nature of the vascular malformation and
for potentially identifying levels of arterio-venous shunting lesions. Fat suppressed T1W
sequences are particularly useful for diagnosing acute cervical arterial dissections. T2*W
and susceptibility weighted imaging techniques can be useful for delineation of gray-white
matter contrast and to identify intramedullary spinal cord blood products?.

MRI for Spine Trauma

A thorough physical examination and comprehensive clinical history remain the gold
standard for initial assessment of patients with acute blunt spine trauma. However, co-
morbid conditions such as traumatic brain injury, severe pain, obtunded state, and sedative
medications among others may interfere with clinical assessment in the acute stage of injury.
In selected patients, MRI thus plays a crucial role in diagnosing and characterizing the
extent of spinal trauma. As a complement to CT, MRI is most useful when further imaging
characterization for spinal stability and/or neural element compromise is needed. MRA

and vessel wall imaging techniques may also be indicated for diagnosing blunt traumatic
cerebrovascular injury when CTA findings are equivocall®.

A-P-C: A PRACTICAL APPROACH TO MRI EVALUATION FOR SPINAL TRAUMA

In this section we introduce an algorithmic approach to MRI interpretation for subaxial
spine trauma while highlighting key MRI sequences and findings for each of 3 anatomic
spine regions. Readers are referred to other excellent reviews for traumatic injuries of

the craniocervical junction!l. As a framework, this algorithmic approach to subaxial spine
trauma incorporates nomenclature and concepts from the AOSpine thoracolumbar injury
classification (TLICS)12 and AOSpine subaxial cervical spine injury models!2 (Table 1).
While no classification system for spinal injury has gained universal acceptance, the
AQOSpine classification systems have become increasingly utilized for their high interrater
reliability, relative simplicity, and ease of clinical application. For assessment of stability,
the spinal column is divided into anterior and posterior tension bands with an intervening
spinal canal and its contents. Type A injuries primarily include vertebral body compression
fractures. Type B injuries involve disruption of either the anterior or posterior tension

band and are generally considered unstable. Type C injuries are unstable and involve
disruption of both anterior and posterior tension bands with associated traumatic distraction
or translational injuries of the spine.

(A)nterior Tension Band (ATB)—The ATB is composed of the vertebral bodies and
intervertebral discs. Important ligaments stabilizing the ATB also include the anterior

and posterior longitudinal ligaments. Traumatic injuries to the ATB are best evaluated

with FS T2W sequences, preferably with Dixon or short tau inversion recovery (STIR)
techniques for fat suppression. Prevertebral fluid and hemorrhage are readily identified
with FS T2W imaging and absence of prevertebral fluid in the acute stage of injury
virtually excludes an unstable ATB injuryl4. When pre-vertebral fluid is identified, a careful
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interrogation of anterior ligamentous structures for traumatic disruption is necessary (Fig 1).
With hyperextension injuries, there is potential for unstable ATB distraction and resultant
disruption of the ALL, PLL, and intervertebral disc (Fig 1). A partial ATB injury, such as
isolated ALL disruption should be described (Fig 2), but does not qualify as an unstable
ATB injury according to AOSpine classification!2. In addition to ligamentous injuries, MRI
is also highly sensitive for detection of ATB vertebral compression fractures, including
very mild compression injuries with minimal or no vertebral body height loss which

may be occult on CT (Fig 3). More severe ATB vertebral body injury with hyperflexion
injuries, such as flexion teardrop and burst compression injuries are readily diagnosed with
CT. In these cases, MRI complements CT in evaluation of the spinal canal for spinal

canal compromise, SCI and for evaluation of potential concomitant posterior tension band
ligamentous injuries (Fig 4).

(P)osterior Tension Band (PTB)—The PTB similarly includes both osseous and
ligamentous components. The posterior elements of each vertebra define the bony
contribution while the ligamentum flavum (LF), interspinous ligament (ISL), supraspinous
ligament (SL), and facet joint capsules constitute the “posterior ligamentous complex”
(PLC), the primary soft tissue stabilizers of the PTB. As with the ATB, initial evaluation

of the PTB begins with sagittal FS T2W imaging. Unstable PTB injuries may involve
transverse fracture across the bony posterior elements, often as part of a Chance type
hyperflexion injury which is readily diagnosed on CT (Fig 5). Alternatively, PTB disruption
can involve the soft tissue PLC. MRI plays a critical role in diagnosing unstable PLC
disruptions. Because the LF is known to be one of the final structures to tear in predictable
PLC injury sequence, close attention to LF integrity is key to determining unstable PLC
injuryl® (Fig 6). T2 hyperintensity along the LF without clear disruption of the ligament
suggests partial tear or sprain. Definite unstable LF disruption should include unambiguous
focal disruption of the ligament with intervening T2 hyperintensity (Fig 6). High resolution
T2-weighted imaging without fat suppression, such as 3D T2 SPACE, can be a very useful
sequence to complement FS T2W imaging for detailed anatomic delineation of the LF (Fig
6).

(C)anal and Contents—MRI in spine trauma is arguably of most value for its exquisite
evaluation of the spinal canal and its contents, namely the SC and spinal nerve roots.

In patients presenting with clinical signs of acute SC or nerve root injury, determination
of SC and/or cauda equina compression is the primary focus of the MRI examination

in preparation for emergent surgical decompression. The most frequent etiologies for
traumatic spinal canal compromise include herniated disc, bony retropulsion, traumatic
spinal malalignment, and extra-arachnoid subdural and epidural space hemorrhages3. Pre-
existing degenerative spondylosis is also a common cause of spinal canal compromise and
predisposing risk factor for acute SCI after even mild trauma, particularly common in the
elderly population.

The most studied and validated MRI sequence for SC evaluation is T2W imaging. Axial
and sagittal depictions of spinal cord contusion provide complementary information for
injury characterization. Schaefer et al. first described a sagittal injury classification system
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based on the relative length of intramedullary T2 hyperintensity and presence or absence of
intramedullary blood products!® (Fig 7). Hemorrhage within contusion injury is defined

as circumscribed T2 hypointense foci, often involving central gray matter, related to
paramagnetic effects of iron from blood products in the form of deoxyhemoglobin and
hemosiderin. Axial-based T2W classification of contusion injury at the epicenter using the
BASIC score has also been shown to strongly correlate with initial injury severity and
neurologic outcomel” (Fig 7). In a large meta-analysis, Fehlings et al. concluded that MR
evidence of intramedullary hemorrhage was the MRI biomarker most strongly associated
with injury severity and outcome in acute SCI8. In summary, review of axial and sagittal
T2W sequences should focus on levels of SC compression, the cranio-caudal and transverse
extent of SCI, along with the presence or absence of hemorrhage within the contusion injury.

MRI for Atraumatic Compressive Myelopathy

Compressive myelopathy is a potentially devastating but treatable clinical syndrome

of neurologic deficits resulting from SC compression. Patients present clinically with
cardinal features of symmetric extremity weakness, urinary retention or incontinence,

and a circumferential sensory level which may assist in spatially localizing the level of
compressive pathologyl®. In most patients, the spinal cord terminates at the L1-L2 vertebral
level and lesions compromising the spinal canal below this level may present with a

cauda equina syndrome (CES) related to nerve root compression, which includes saddle
paresthesia, bowel, bladder, and sexual dysfunction. MRI is the initial modality of choice
for suspected atraumatic compressive myelopathy and CES. The imaging protocol should
include a total spine survey with inclusion of FS T2, T1 Pre-contrast, T1 post-contrast

and DWI sequences. Dedicated axial imaging may be prescribed based on the sagittal
survey or obtained automatically for the entire spine depending on institutional workflow.
Knowledge of patient’s clinical context is of paramount importance for informing image
interpretation. Key risk factors include known malignancy, immunocompromised state,
history of intravenous drug use, and use of blood thinning medications. The most common
causes of atraumatic compressive myelopathy include extra-arachnoid fluid collections such
as epidural abscess and hematoma, degenerative spondylosis, spinal tumors, and spinal
webs or adhesions. The MRI-based differential diagnosis begins with determination of

the location of offending pathology to either the extra-medullary extra-dural space or
extramedullary intradural space (Table 2).

EXTRA-DURAL COMPRESSIVE PATHOLOGY

Spine Infection—Clinical signs and symptoms of spinal infection are often nonspecific,
thus highlighting the critical role for MRI in confirming or excluding a suspected
diagnosis?0. Emergent MR is indicated in patients with new or worsening neurologic
deficits coupled with clinical suspicion for infection. Notable risk factors include provided
clinical history of sepsis, immunosuppression, recent spinal instrumentation such as surgery
or percutaneous spinal procedure, and IV drug abuse in patients with back pain and
myelopathy. Leukocytosis may be absent. Elevations in erythrocyte sedimentation rate
(ESR) and C-Reactive Protein (CRP), while nonspecific, are frequently observed with spinal
infection?L.
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Myelopathy from spine infection most frequently relates to mechanical compression of the
spinal cord by spinal epidural abscess (SEA) or infectious phlegmon, but secondary SC
ischemia and vasculitic infarction have also been implicated!®. Spinal deformity, such as
severe kyphosis related to infectious vertebral and discoligamentous destruction, may also
contribute to spinal canal compromise and SC or cauda equina compression. Pyogenic spinal
infections are most common in the United States, with Staphylococcus aureus accounting for
70% of cases?2. Arterial hematogenous seeding of the spine is the most common route of
spinal contamination. The unique vascular supply of the spine, with each segmental spinal
artery supplying adjacent vertebral endplates and subchondral marrow space, accounts for
the characteristic pattern of discitis osteomyelitis centered at the intervertebral disc level.

As with MRI features of abscess in other parts of the body, MRI of the spine in the

setting of epidural abscess reveals a focal fluid collection in the epidural space with
peripheral enhancement and central T2 hyperintensity (Fig 8). DWI may be useful for
confirming reduced apparent diffusion coefficient (ADC) measures centrally within the
epidural collection consistent with purulent contents?3 (Fig 8). Compressive myelopathy
may also result from exuberant epidural phlegmon, without frank abscess. In such cases,
solid epidural soft tissue enhancement is present without rim-enhancing fluid collection?!
(Fig 9). Spinal epidural abscess (SEA) is associated with a primary discitis-osteomyelitis
(DOM) in more than 80% of cases?4. Associated findings of adjacent discitis osteomyelitis
thus help confirm the diagnosis. In the absence of imaging findings suggestive of associated
DOM, or other primary musculoskeletal spinal infection such as adjacent septic facet
arthritis or septic costovertebral arthritis, alternative diagnostic considerations should be also
considered as isolated epidural abscess without primary musculoskeletal spinal infection is
rare?s,

Vertebral osteomyelitis with involvement of multiple non-adjacent vertebral bodies (skip
lesions) and relative preservation of the disc space is more characteristic of tuberculous
spondylitis?®. TS is a granulomatous bacterial infection caused by Mycobacterium
tuberculosis that often presents with a more insidious and chronic clinical presentation
compared with pyogenic DOM?21:2526_ Thoracolumbar spinal involvement is most common
and the natural history of this disease includes vertebral body collapse, kyphotic deformity,
and resulting Gibbus deformity with potential cord compression due both to kyphosis and
granulation tissue/bony retropulsion into the epidural space. Contiguous paravertebral and
epidural phlegmon and abscess may also be seen in the setting of tuberculosis infection with
anterior subligamentous extension of infection aiding in distinction from pyogenic DOM?26
(Fig 10). Intramedullary spinal infections are rare and will be considered separately in more
detail in the section covering non-compressive myelopathies.

Neoplasm—Metastases are the most common symptomatic tumors of the spinal column2”,
Spinal metastases may spread hematogenously into the epidural space, but more commonly,
epidural spread is via direct extension of tumor from primary osseous spinal or paraspinous
sites. Primary neoplasms arising in the epidural space are exceedingly rare and include
angiolipoma, lymphoma, and sarcoma. Multiple myeloma is the most common primary bone
malignancy to present with compressive myelopathy?’.
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In the setting of spinal metastatic disease with emergent clinical presentation, MRI

is indicated for identifying levels of epidural tumor encroachment and spinal canal
compromise (Fig 11). Assessment for neoplasm related spinal instability should also be
addressed in the diagnostic interpretation of the MRI. The spine /istability meoplastic score
(SINS) is a simple point-based scoring system that incorporates many MRI features of
spinal involvement to determine an overall risk of malignancy related instability28, The
Bilsky epidural spinal cord compression (ESCC) scale is also a standardized classification
system for reporting spinal canal compromise related to spinal metastatic disease?®. Because
medical oncologists, radiation oncologists, and spinal surgeons use these systems to plan
patient management, familiarity with and incorporation of these classifications in the MRI
interpretation for patients with spinal tumors will enhance timely and appropriate care for
patients.

Other extradural compressive pathologies—In the absence of primary spinal
column infection, non-infectious etiologies for isolated epidural fluid collection should

be considered, the most common of which is epidural hematoma (EDH). Nontraumatic
EDHs typically result from venous plexus hemorrhage in the setting of anticoagulation or
coagulopathy30. Acute hemorrhage in the epidural space characteristically presents as a T1
isointense or hyperintense and T2 hyperintense collection that subtends the dura3® (Fig 12).
The uplifted dura can be seen as a hypointense membrane containing the hematoma on
T2W imaging (Fig 12). In the absence of findings suggestive of underlying spinal vascular
pathology, such as dilated pial vessel flow voids or enhancing vascular nidus, conventional
digital subtraction angiography is likely not necessary for further workup3l. When there is
SC compression and clinical evidence of myelopathy, emergent surgical decompression is
indicated.

Cervical spondylotic myelopathy is the most common cause of spinal injury in the United
States and is a general term for compression of the spinal cord due to degenerative spinal
canal compromise and cord compression32, These changes may include disc pathology such
as herniation and disc osteophyte complex formation, but also spondylolisthesis, ossification
of the posterior longitudinal ligament or ligamentum flavum, and facet arthropathy are
frequently implicated. MRI features suggestive of spondylotic myelopathy include variably
extensive spinal cord T2 hyperintensity with edema centered in the central gray matter and
associated short segment area of pancakelike transverse white matter contrast enhancement
centered at the level of maximal cord compression33 (Fig 13). More acute spondylotic
myelopathy may lack associated enhancement.

INTRA-DURAL COMPRESSIVE PATHOLOGY

Extramedullary intradural masses arise within the subarachnoid space, but are separate
from the spinal cord. Most frequently encountered examples include metastatic and primary
tumors as well as developmental cystic lesions, such as dermoid, epidermoid, arachnoid,
and neurenteric cysts. Metastatic tumors in this location are most frequently the result

of leptomeningeal spread in the setting of widely disseminated lung, breast, melanoma,
gastrointestinal, or hematologic malignancies, although primary brain neoplasms may also
produce intrathecal “drop metastases” to the spine.
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The most common extramedullary intradural primary tumors are meningioma, nerve
sheath tumor, and lipoma, while malignant peripheral nerve sheath tumor, solitary fibrous
tumor/hemangiopericytoma, and paragangliomas are additional more rare considerations34,
Evaluating the MRI signal characteristics of extramedullary intradural masses may help
narrow the diagnosis. For instance, schwannomas and neurofibromas are more likely than
meningiomas to expand and remodel the neural foramen and may exhibit a characteristic
dumbbell morphology with transforaminal extension along the proximal nerve root course34.
Like their intracranial counterparts, meningiomas will demonstrate broad dural attachment
and often follow the signal of grey matter on T1W and T2W imaging and enhance avidly
and homogeneously (Fig 14). Evidence of tumor mineralization on CT or T2*-weighted
MRI also favors meningioma?4.

Spinal arachnoid cysts may be difficult to distinguish from spinal canal webs and SC
herniations, as all of these lesions tend to displace the spinal cord ventrally. When an
arachnoid cyst is suspected, high resolution 3D T2 or FIESTA imaging sequences of the
spine may be useful to resolve thin cyst walls and confirm the diagnosis3®. The distortion
of the spinal cord seen in the setting of arachnoid web or spinal cord herniation tends to

be more focal than that seen with an arachnoid cyst. In the setting of arachnoid webs,

there is characteristic focal ventral displacement of the cord with asymmetric posterior cord
indentation resembling the profile of the blade of a scalpel (i.e. scalpel sign)36 (Fig 15). This
imaging feature is useful in distinguishing from the ventrally tethered spinal cord observed
in the setting of cord herniation where the posterior spinal indentation is more symmetric
in the craniocaudal axis. With both spinal webs and herniations, there may be associated
intramedullary T2 hyperintensity within the cord and syrinx or pre-syrinx formation in
severe cases.

MRI for Noncompressive Spine Emergencies

Noncompressive myelopathy encompasses a vast array of neurological disorders related to
intrinsic spinal cord pathology. This includes infectious, inflammatory, and autoimmune
diseases, vascular, neoplastic, toxic-metabolic injury, radiation injury, and idiopathic
conditions. MRI of the spine in these cases is critically important for characterization of

the involved areas in both the axial and sagittal dimensions. Distinct patterns of axial

spinal cord involvement can help focus a differential diagnosis and include long segment
centromedullary, grey matter/frontal horn predominant, eccentric white matter, patchy
irregular, and extramedullary distributions37-38 (Table 3). Sagittal spinal cord involvement
can be described as either longitudinal extensive, spanning at least three sequential vertebral
bodies, or short-segment. While patterns of spinal cord involvement can directly inform the
differential diagnosis, it is important to recognize that there is substantial overlap between
etiologies with each of these patterns. In addition to grouping by location and extent,

causes of non-compressive myelopathy can also be categorized into inflammatory and
non-inflammatory causes?0. In clinical practice, suspicion for an infectious or inflammatory
etiology may be raised by leukocytosis or elevated serum ESR and CRP levels, elevated
WBC, elevated CSF protein, or the presence of immunoglobulins or oligoclonal bands in
CSF20,
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INFECTIOUS, PARAINFECTIOUS, AND INFLAMMATORY MYELITIS

Primary infections of the spinal cord are fortunately rare, yet critically important due to

high associated mortality and morbidity. Causes include viral, bacterial, parasitic, and fungal
pathogens20. Early recognition and diagnosis are important so immediate antimicrobial
therapy can be initiated. Some infections are more common in immune-compromised
individuals, and the immune status of the patient should be determined in order to provide
the most relevant differential diagnosis. Additional risk factors such as recent travel and IV
drug abuse history should be ascertained.

Certain pathogens have characteristic patterns of involvement related to tropism, such as

the anterior horn involvement typical of poliovirus, enteroviruses, and West Nile Virus
(WNV)3240 Acute frontal horn infections can result in the clinical syndrome of acute
flaccid myelitis (AFM) characterized by sudden weakness in the extremities and loss of
reflexes. While poliovirus has been largely eradicated, there has been increased recognition
of enterovirus A71 and D68 subtypes as the most common causes of modern AFM39,
Biennial outbreaks of AFM in the Western United States dating back to 2014 have raised
awareness of this disease. The majority of cases involve children with a median age of

6 years*L. The associated radiologic pattern of frontal horn-predominant long segment

T2 hyperintensity aids in diagnosis on spine MRI for patients presenting clinically with
rapid-onset flaccid paralysis of one or more limbs and sensory sparing (Fig 16). Gray matter
involvement may be unilateral or bilateral and associated ventral nerve rootlet thickening
and hyperenhancement is often observed. WNV-associated AFM is exceedingly rare, but
shares many imaging features with enteroviral related AFM but is more common in adults#0.

Infectious and postinfectious myelitis presents most often with ellipsoid or patchy

long segment centromedullary pattern of spinal cord involvement characteristic of the

broad diagnostic category of infectious and non-infectious diseases often grouped under

the umbrella term “acute transverse myelitis”. Identification of associated nerve root
enhancement can be helpful for suggesting an infectious etiology in these cases3’. Patients
present clinically with motor, sensory, and autonomic dysfunction. Primary infectious and
postinfectious pathologies with this MRI pattern include cytomegalovirus (CMV), Epstein-
Barr virus (EBV), Lyme disease, hepatitis C, parainfectious transverse myelitis (PITM), and
acute disseminated encephalomyelitis (ADEM). PITM refers to SCI resulting from a post-
infectious immune-mediated response*2. Preceding infections of viral hepatitis, Mycoplasma
pneumonia, Campylobacter jefuni, CVM, and EBV species among others should trigger
consideration of PITM in patients with MRI and clinical features of acute transverse
myelitis#2. There are no pathognomonic imaging characteristics that can reliably identify the
causative etiology of PITM, therefore clinical history and laboratory studies are important in
confirming a suspected diagnosis.

Noninfectious causes of inflammatory myelitis include autoimmune diseases such as
multiple sclerosis (MS), neuromyelitis optica spectrum disorders (NMOSD), and myelin
oligodendrocyte glycoprotein antibody disease (MOGAD)20. Acute treatment for these
disorders in the emergent setting is tailored to suppressing the pathologic immune

response with steroids, plasmapheresis, and long-acting immunomodulating therapies when
necessary. MRI in the emergent setting plays a central role in diagnosing these disorders
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and enabling timely treatment. MS, the most common inflammatory myelitis, is a primary
demyelinating disease with white matter predominant involvement. T2-hyperintense MS
lesions are typically short segment, spanning less than 2 vertebral segments, and eccentric.
Enhancement is observed in the active stages of inflammatory demyelination. Brain
imaging is useful to show associated demyelinating plaques of the brain. NMOSD is an
antibody-mediated disease of aggressive spinal demyelination and optic neuritis, which
classically presents on MRI with long-segment T2 hyperintense spinal edema spanning

3 or more vertebral segments®3 (Fig 17). Centromedullary T2 hyperintensity of the cord
with preferential cervical spine involvement and avid contrast enhancement is typical.
Oligoclonal bands are not present in NMO, although immunoglobin G targeting aquaporin-4
is a specific marker for this disease.

MOGAD may present with longitudinally extensive as well as multiple short segment
lesions. Central gray-matter T2 hyperintensity on axial imaging has been termed the “H”
sign of MOGAD myelitis**. Post contrast enhancement, when present, is usually faint

and patchy and may include linear subependymal enhancement paralleling the central
canal. There is a predilection for conus involvement with leptomeningeal and cauda equina
enhancement*4,

Other inflammatory causes of myelitis include systemic inflammatory and connective tissue
disorders including sarcoidosis, lupus, and Sjogren’s disease. Theses systemic diseases may
present with a transverse myelitis or an irregular pattern of patchy cord involvement. Spinal
lesions may enhance in a patchy distribution, “skipping” adjacent portions of the cord and
distinguishing these diseases from intramedullary neoplasms, which tend to be continuous
and infiltrative. Pial and subpial infiltrative enhancement along the dorsal cord white matter
forming a “trident sign” pattern is highly suggestive of neurosarcoidosis*® (Fig 18).

VASCULAR SPINE EMERGENCIES

The most common emergent spine vascular pathologies include acute spinal cord infarct,
spinal arteriovenous shunts, and hemorrhagic cavernous malformations*6. The spinal cord
has complex arterial collateralization between a single anterior and paired posterior spinal
arteries. Lower thoracic spinal cord infarcts of the anterior spinal artery territory are most
common due to the relatively limited collateralization for the dominant radicular artery of
Adamkiewicz territory*6. Spinal infarcts occur more frequently in women, with an average
age of 56 years#6. Significant risk factors include recent aortic surgery, embolism, vasculitis,
dissection, and hypotension. MRI may aid in diagnosing acute spinal cord infarct in patients
presenting with acute onset weakness, sensory changes, and sphincter dysfunction without
antecedent trauma or spinal cord compression. MRI signal abnormalities related to acute
infarct may be occult for up to 24 hours after symptom onset4’. Within 2 days, MRI

usually reveals long segment ventral spinal cord T2 hyperintensity primarily involving

the metabolically active frontal horns, termed the ”owl’s eye” sign of cord infarction#®

(Fig 19). Associated hyperintensity on DWI with reduced ADC values helps confirm the
diagnosis of acute spinal cord infarct. Given the shared vascular supply with vertebral
bodies, associated vertebral edema at the same level as the cord infarct can help discern from
other pathologies that involve the ventral spinal cord6 (Fig 19). A less common cause of
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cord infarction is termed surfer’s myelopathy. Underlying pathophysiology is incompletely
understood, but likely relates to extended cervical hyperextension in novice surfers while
paddling their surfboards in the prone position and looking forward, resulting in tension

on the spinal cord and surrounding vasculature and avulsion of perforating vessels*®.

Other rare etiologies include fibrocartilaginous embolism from herniated disc material and
decompression sickness.

Among arteriovenous shunting lesions, dural arteriovenous fistulas (AAVF) are most
common, accounting for 60-80% of all spinal vascular lesions®0. The fistulous point most
frequently occurs at the dural sleeve within a neural foramen. Spinal dAVFs are more
common in middle-aged and older men with insidious clinical symptoms of lower extremity
weakness, sensory changes, and sphincter dysfunction. Longstanding venous hypertension
from the fistula contributes to peri-medullary venous engorgement and congestive venous
myelopathy of the SC. On MRI, intramedullary spinal cord T2-hyperintense edema with
predelection for conus involvement in conjunction with dilated perimedullary vascular

flow voids are characteristic MRI features*® (fig). The cord edema and vascular flow

voids may not be located at the same level, and the location of either does not reliably
correlate with the location of the fistula. Central cord and cauda equina nerve root
enhancement may also be observed. While conventional digital subtraction angiography of
the spine is recommended for diagnostic confirmation and potential treatment, time-resolved
MRA may aid in identifying the level of fistulous connection in up to 73% of cases®!

(Fig 20). Additional more rare spinal arteriovenous shunts include intramedullary glomus
arterovenous malformations (AVMs), metameric AVMs, and perimedullary AVMs.

Spinal cord cavernous malformations exhibit many of the same imaging features as seen
with cavernous malformations in the brain. T2-hypointense margins with central T1 and

T2 heterogenous signal and marked susceptibility artifact within the spinal cord are
characteristic MRI features. There is no arteriovenous shunt, therefore MRI is superior to
spDSA for making the diagnosis. Ventral spinal location is a negative prognostic indicator>2,

TOXIC-METABOLIC AND RADIATION-RELATED SPINE EMERGENCIES

The most common toxic-metabolic cause of emergent myelopathy is Vitamin B12-
deficiency, which causes pernicious anemia and subacute combined degeneration. This
disease may result from parietal cell autoantibodies, insufficient dietary intake of B12,

or intrinsic factor deficiency. Clinical symptoms include spastic paraparesis with distal
proprioceptive loss, while typical imaging findings include long-segment T2 hyperintensity
of the dorsal columns (Fig 20). Associated involvement of the anterolateral columns
accounts for the term subacute combined degeneration. Enhancement is unusual. Symptoms
and imaging findings may resolve with adequate medical treatment of Vitamin B12
deficiency. Abuse of nitrous oxide, copper deficiency, and zinc toxicity may also cause
subacute combined degeneration and thus have identical imaging findings.

Radiation myelopathy can occur either in the immediate aftermath or in a delayed fashion,
years after radiation exposure. Radiation myelitis is most often seen after radiation
therapy for head and neck cancer and vertebral metastases, usually when patients have
received an excess of 4000 rads®3. Radiation myelopathy may resolve spontaneously
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or progress insidiously to spinal atrophy and severe disability and death. There is no
effective treatment. Early imaging manifestations are nonspecific and include long-segment
centromedullary T2 hyperintensity and patchy enhancement38, While spinal cord findings
are nonspecific, intrinsic T1 hyperintensity of vertebral bodies corresponding to the radiation
field, representing fatty bone marrow replacement, is a useful associated imaging finding to
confirm the diagnosis® (Fig 21).

INTRAMEDULLARY SPINAL CORD MASSES

Intramedullary spinal cord masses and mass-like lesions vary widely in etiology and
imaging appearance. Patients may present with pain, weakness and sensory changes
depending on mass location. Etiologies include primary and metastatic tumors, spinal cord
abscess, and cavernous malformations as discussed in the prior section on vascular lesions.
Masses should be characterized as circumscribed or infiltrative. The most common primary
intramedullary neoplasms include ependymoma, astrocytoma, and hemangioblastoma.
Ependymomas are the most common spinal glial tumor in adults and arise from the central
canal or from cell rests along the filum terminale®®. As such, they tend to be centrally
located in the spinal cord with symmetric expansion and well-circumscribed margins. Tumor
cysts may be seen in up to 22% of ependymomas and adjacent syringohydromyelia is
common?®®, Intratumoral hemorrhage can lead to hypointense hemosiderin rim on T2W
imaging known as the “cap sign”>® (Fig 22). Avid yet heterogenous tumor enhancement

is typical. Astrocytomas are the most common spinal glial tumor in children and are

more eccentric, infiltrative, and more likely to involve the entire transverse extent of the
cord compared with ependymomas®® (Fig 22). Hemorrhage is uncommon in astrocytomas.
Hemangioblastomas have highly variable MRI appearance, but often involve multiple
vertebral levels with avid enhancement. In large tumors, identification of associated
prominent vascular flow voids within the tumor should prompt consideration of spinal
hemangioblastoma®® (Fig 22). Hemorrhage is common and the hemosiderin “cap sign” may
also be observed. Multiple spinal hemangioblastomas suggests underlying von hippel lindau
(VHL) disease.

Intramedullary spinal cord metastases are fortunately rare and clinical history of known
widespread malignancy helps favor the diagnosis. On MRI, metastases to the SC are
expansile with prominent surrounding edema. Following contrast administration, thin linear
rim enhancement with more ill defined enhancement emanating along the superior and
inferior margins (rim and flame signs respectively) have been described as characteristic
features®®.

Intramedullary spinal abscess is rare and may arise from contiguous or hematogenous
spread. Congenital dermal sinus tracts may predispose to the development of intramedullary
spinal abscesses, particularly in the pediatric population. These lesions have an MRI
appearance similar to intracranial abscesses, with diffuse or rim enhancement, surrounding
edema, and reduced diffusion centrally, although early in the course of the disease the

only finding may be ill-defined T2-hyperintensity with or without patchy enhancement®’.
Similar to epidural or intracranial abscesses, the most common causative organisms are
Staphylococcus and Streptococcus species® .
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POLYRADICULOPATHIES

Guillain Barre Syndrome (GBS) is an acute, demyelinating polyneuropathy that is often
proceeded by a viral illness, although it may also be associated with vaccine administration
and autoimmune disorders. There are several subtypes of GBS, including motor and
motor-sensory axonal subtypes and regional GBS (Miller-Fisher variant). The diagnosis

is suspected in patients presenting with ascending flaccid paralysis. CSF studies reveal
elevated protein without leukocytosis. The diagnosis of GBS may be supported or suggested
on MRI by smooth enhancement of the cauda equina nerve roots preferentially involving the
ventral motor rootlets, although the main purpose of imaging in these patients often serves
to exclude other treatable causes of acute paralysis (Fig 22). GBS has recently been reported
with COVID-19 related SARS-CoV-2 infection®®. In a systematic review of 73 patients
with GBS associated with COVID-19, neurologic symptoms presented between 2 and 33
days after respiratory symptom onset>®. Of note, CSF PCR was insensitive and negative for
SARS-CoV-2 in all patients tested.

The differential diagnosis for nerve root enhancement is broad and in addition

to GBS, includes leptomeningeal carcinomatosis, chronic inflammatory demyelinating
polyneuropathy (CIDP), arachnoiditis, sarcoidosis, lymphoma, and infectious radiculitis.
Generally, these differential considerations are associated with a nonspecific CSF profile
including elevated protien, so clinical presentation and patient history along with

imaging findings are usually instrumental in making the final diagnosis. For instance,
leptomeningeal carcinomatosis typically occurs in the setting of widespread metastatic
disease. Chronic inflammatory demyelinating (CIDP) polyneuropathy is a heterogeneous
group of demyelinating polyneuropathies that may be antibody mediated or immune

cell mediated; regardless of the specific underlying etiology and pathophysiology, this
syndrome is chronic by definition, with symptoms typically progressing over several
months. Arachnoiditis refers to inflammation of the nerves and nerve roots and can be
caused by a variety of etiologies including infection, prior intradural surgical manipulation,
and intrathecal drug administration. Patients with neurosarcoidosis causing leptomeningeal
inflammation will usually have other stigmata of this disease, even if the neurologic
symptoms are the first manifestation. Primary leptomeningeal lymphoma is a rare form

of primary CNS lymphoma and a rare cause of leptomeningeal enhancement; the diagnosis
is made by identifying malignant lymphocytes on CSF cytology. Finally, AIDS-associated
cytomegalovirus polyradiculopathy and Lyme disease will be associated with specific
exposures and/or clinical and laboratory signs of these infections. The radiologist should
be prepared to synthesize this clinical data in order to narrow the differential diagnosis.

Conclusion

MRI plays a central role in the timely diagnosis and treatment for spine emergencies. For
traumatic emergencies, MRI plays a complementary role to CT. Knowledge of the most up-
to-date traumatic spine injury classification systems forms a framework for an algorithmic
search pattern to best inform treatment decisions. Diagnostic considerations for atraumatic
spine emergencies are broad, and MRI is the first line imaging modality for initially
determining whether there is compressive pathology. Familiarity with key MR imaging
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findings along with knowledge of relevant clinical history is necessary for diagnosing both
compressive and non-compressive atraumatic spine emergencies.
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FIGURE 1:
Hyperextension injury with unstable anterior tension band (ATB) disruption. 85-year-old

man presents with left sided weakness after ground level fall and headstrike. Sagittal CT
image (arrow in A) shows traumatic anterolisthesis at C6-C7 with small anteroinferior
avulsion corner fracture of C6 (arrow). Sagittal FS T2W (B) and sagittal T2 SPACE (C) MR
images confirm complete disruption of the C6-C7 anterior discoligamentous complex. MRI
also reveals long segment severe spinal canal stenosis and cord compression with dorsal
epidural hematoma (arrows in C). Focal ligamentum flavum tear at C5-6 is best seen on
sagittal T2 SPACE image (arrowhead in C).
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FIGURE 2:
Hyperextension injury with anterior longitudinal ligament (ALL) disruption. 70-year-old

female presents with upper extremity paresthesia following low speed pedestrian versus
automobile injury. A) Sagittal CT image of the cervical spine shows a small and minimally
displaced anteroinferior avulsion corner fracture at C3 (dotted square with zoom in view in
the bottom right inset in A). B) Sagittal T2 FS MR imaging of the upper cervical spine in the
same patient shows prominent prevertebral fluid collection with focal disruption of the ALL
(arrow in B) with otherwise intact anterior discoligamentous complex.
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FIGURE 3:
MRI is sensitive for mild vertebral compression injuries. Sagittal CT image (A) in a patient

who presented with neck pain after a fall reveals mild superior endplate compression
fractures at C6 and C7 (arrows in A), which are easily seen on sagittal T2W MRI (B)
where linear subchondral marrow edema underlying the superior endplates conspicuously
identifies the acute fractures.
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Figure 4
MRI reveals unsuspected ligamentous posterior tension band disruption. Sagittal CT image

(A) for a 48-year-old patient suffering a fall reveals mild anterior compression and
endplate fractures at T5 and T6 vertebral levels. Sagittal T2W MR image (B) at the same
levels reveals complete disruption of the supraspinous ligament, interspinous ligament, and
ligamentum flavum at T5-T6 (arrows in B).
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Figure5:
CT and MRI depictions of Chance fracture. Sagittal CT (A) depicts linear fracture through

the spinous process in a 68-year-old female with seatbelt injury and low back pain. B) 3D
reconstruction of the CT images clearly depicts transverse fracture through the entire L1
posterior elements (arrows in B) consistent with an AOSpine type B1 injury. Sagittal T2W
MR image in the same patient shows marrow edema and transverse distracted fracture line
corresponding to osseous posterior tension band fracture (white dotted line in C).
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Figure6:
MRI confirms suspected posterior ligamentous complex injury. Sagittal FS T2W (A) and

T2 SPACE (B) MR images obtained for a 33-year-old restrained passenger following motor
vehicle collision reveals abnormal edema along the posterior ligamentous complex at C5-C6
(arrow in A and B).
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Figure 7:
Sagittal and axial MRI-based grading schema for assessment of acute traumatic spinal cord

injury.
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Figure 8:
Lumbar septic facet arthritis with spinal epidural abscess. Axial T1W postcontrast (A) and

T2W (B) MR images from a 54-year-old male with diabetes mellitus type 2 reveals right
L5-S1 peri-facet joint soft tissue enhancement and multiloculated abscess (dotted circle)
consistent with septic facet arthritis. There is associated peripherally enhancing and T2
hyperintense fluid collection in the dorsal epidural space of the lower lumbar spine (arrow
in A and B). Sagittal TIW postcontrast MR image shows longitudinal extension of this
collection to upper lumbar levels (arrows in C). Sagittal diffusion weighted (D) and apparent
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diffusion coefficient (E) images confirm abnormal reduced diffusion corresponding to the
fluid collection consistent with purulent abscess (arrows in D and E).
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Figure9:
DOM with epidural phlegmon resulting in spinal canal narrowing and spinal cord

compression. Sagittal T1W-post contrast (A) and T2W (B) MR images centered at the
mid-cervical spine show characteristic features of C4-5 and C5-6 DOM with prominent,
solidly enhancing ventral epidural phlegmon (arrow in A and B).
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Figure 10:
Tuberculous spondylitis. Sagittal T2W FS (A) and T1W-post contrast MR images from a

31-year-old male with insidious cough, fever and weight loss reveals abnormal edema and
enhancement centered at the T5 spina level notable for anterior subligamentous phlegmon
extension (arrows in A and B) and relative preservation of adjacent intervertebral discs.
Subsequent percutaneous biopsy confirmed mycobacterial infection.
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Figure11:
Pathologic versus osteoporotic compression fractures. Sagittal T2W (A), TIW (B), T1W-

post contrast (C), DWI (D), and ADC map (E) of the lumbar spine from a 59-year-old
female with low back pain and breast cancer show L4 compression deformity with masslike
dorsal bowing of the posterior vertebral wall encroaching on the spinal canal. Mass-like
extra-osseous enhancement extending from the posterior L4 vertebral body has abnormal
reduced diffusion (arrow in D and E) consistent with hypercellular tumor. Similar series

of MR images (F-J) in a separate 82-year-old osteoporotic female shows L4 vertebral
compression fracture with non-masslike enhancement, posterior bony retropulsion, and
facilitated rather than reduced diffusion within the L4 vertebral body, consistent with
osteoporotic fracture.
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FIGURE 12:
MRI features of spontaneous epidural hematoma. Axial CT (A) and T2W MR (B)

images at the mid-thoracic level from a 41-year-old man presenting with acute onset loss

of sensory and motor function to his bilateral lower extremities immediately following
bowel movement reveal intrinsic hyperdense and T2 heterogenous expansion of the

right dorsolateral epidural space with resultant severe spinal canal stenosis and spinal

cord compression (arrow in A and B). C) Sagittal T2W image from the same patient

clearly depicts the dorsal epidural location of this collection with uplifting of the dural
membrane (arrowheads in C). Internal T2 hypointensity within the hematoma corresponds to
paramagnetic T2 shortening from blood products.
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Figure 13:
Spondylotic myelopathy. A) Sag T2W FS MR image from a 46-year-old man with lower

extremity weakness and fall shows severe degenerative spinal canal stenosis at the C4-C5
level with abnormal intramedullary spinal cord T2 hyperintensity centered at this level.
Sagittal (B) and axial (C) T1W-post contrast images reveal transverse pattern of “pancake
like enhancement (arrow in B) which primarily involves peripheral white matter columns,
consistent with spondylotic myelopathy.
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Figure 14:
Intradural compressive meningioma. Axial CT angiogram (A) performed for a 78-year-old

male presenting with upper extremity paresthesia and weakness after fall shows subtle
enhancing mass within the spinal canal at the C1 level (arrow in A). Sagittal (B) and axial
(C) T1W FS-post contrast MR images show an intradural solidly enhancing mass with broad
dural attachment and dural tail (arrow in B). Sagittal T2W FS MR image (D) shows severe
spinal canal stenosis at C1 with cervicomedullary junction compression.
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Figure 15:
Arachnoid web with compressive myelopathy. 54-year-old man presents with severe upper

thoracic pain. A) Sagittal T2W MR image centered at the upper thoracic spine reveals
concave indentation along the dorsal spinal cord resembling the profile of a surgical scalpel
(i.e. “scalpel” sign) with intramedullary spinal cord T2 hyperintense edema above the level
of spinal cord compression. Subsequent CT-myelogram (B) excluded spinal cord herniation
and confirmed diagnosis of spinal arachnoid web.
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Figure 16:
Enterovirus related acute flaccid myelitis. 3-year-old boy with ten-day loss of movement

in the right arm in setting of upper respiratory illness. Sagittal (A) and axial (B) T2W
MR images show abnormal T2-hyperintensity spanning multiple cervical vertebral segments
centered in the right frontal horn of the spinal cord.
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Figure17:
Neuromyelitis optica spectrum disorder (NMOSD) and myelin oligodendrocyte glycoprotein

antibody disease (MOGAD) related myelopathies. Sagittal (A) and axial (B) T2W MR
images from a 51-year-old women presenting with acute onset lower extremity weakness
and numbness reveals longitudinally extensive centromedullary pattern of spinal cord edema
commonly seen with NMO. Sagittal (C) and axial (D) T2W MR images from a different
15-year-old patient with recurrent hospitalizations for sensory and motor deficits reveals

Magn Reson Imaging Clin N Am. Author manuscript; available in PMC 2023 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Mathieu and Talbott Page 36

patchy T2 edema in the cervical spine with central gray-matter involvement resembling the
letter “H” (D).
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Figure 18:
Spinal neurosarcoidosis. Sagittal T2W (A) MR image of the cervical spine from a 51-year-

old man with progressive numbness, spasticity, and pain reveals multifocal patchy peripheral
spinal cord T2 hyperintensity. Sagittal (B) and axial (C) T1W-post contrast MR images
demonstrate associated “trident” pattern of dorsal pial and infiltrative subpial spinal cord
enhancement (arrows in C), a pattern typical of spinal neurosarcoidosis.
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Figure 19:
Acute anterior spinal cord infarct. Sagittal (A) and axial (B) T2W FS MR images from

a 68-year-old man with acute onset upper extremity weakness following aortic aneurysm
repair shows ventral frontal-horn predominant T2 hyperintensity. Sagittal DWI (C) and
ADC map (D) from the same exam shows abnormal reduced diffusion (arrow in C and D)
corresponding with T2 signal abnormality consistent with acute anterior spinal artery infarct.
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Figure 20:
Spinal dural arteriovenous fistula (SHAVF). Sagittal (A) and axial (B) T2W MR images

from a 52-year-old female with rapidly progressive bilateral lower extremity weakness and
urinary incontinence reveals abnormal centromedullary pattern of T2 hyperintensity in the
lower spinal cord and conus. Axial T1W-post contrast image of the cauda equina (C) shows
abnormal nerve root hyperenhancement. Sagittal T2W image of the thoracic spine (D) shows
abnormal dilated vascular flow voids along the dorsal surface of the spinal cord (arrowheads
in D). 3-dimensional reconstruction from digital subtraction angiography with selective
injection of the right T9 intercostal artery reveals multiple small branches coalescing at a
dilated vein within the T10-T11 neuroforamen (arrow in E) with dilated venous outflow
extending cranial and caudal along the dorsum of the spinal cord, consistent with sdAVF.
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Figure 21:
Dorsal column tractopathy related to Vitamin B12 deficiency. Sagittal (A) and axial

(B) T2W MR images of the cervical spine from a 36-year-old vegetarian female with
low vitamin B12 levels and 1 week history of bilateral hand and lower extremity
numbness and gait instability demonstrates longitudinally extensive dorsal column T2
hyperintensity (arrows in A). Axial post-contrast TIW MRI (C) shows no associated
abnormal enhancement.
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Figure 22:
Guillain Barre Syndrome. Sagittal (A) and axial (B) T1W-post contrast images of the lumbar

spine show diffuse thickening and hyperenhancement of the ventral motor nerve rootlets in
this 42-year-old female presenting with 1 month of rapidly progressive ascending weakness
following a gastrointestinal illness.
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Table 1.

AOSpine Thoracolumbar and Subaxial Cervical Spine injury Morphologic Classification2 13

Type A: Compression Injuries

« AO: Minor nonstructural fractures (e.g. spinous process, transverse process).

« Al: Wedge compression: Single endplate fracture without posterior wall involvement

« A2: Split pincer fracture: vertical fracture in coronal plane through superior and inferior endplates.
« A3: Incomplete burst: Communited fracture of 1 endplate and posterior vertebral wall

* A4: Complete burst: comminuted fracture of both endplates and posterior vertebral wall

Type B: Distraction Injuries

« B1: Trans-osseous posterior tension band (e.g. Chance fracture)
« B2: Ligamentous posterior tension band disruption

« B3: Hyperextension anterior tension band disruption

TypeC: Translation Injuries
« Combined anterior and posterior tension band disruption with spinal displacement/dislocation

TypeF: Facet injuries (subaxial cervical spine)

« F1: Nondisplaced facet fracture

« F2: Facet fracture with potential <1cm in height, <40% lateral mass
« F3: Floating lateral mass

« F4: Traumatic perched or jumped facet joints

Modifiers

« M1: Possible/indeterminate posterior capsuloligamentous complex injury

« M2: Critical disc herniation in presence of facet dislocation (cervical), Bone disease/abnormality (thoracolumbar)
* M3: Bone disease/abnormality (cervical)

« M4: vascular injury/abnormality (cervical)
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Table 2.

Common Non-traumatic Compressive Pathologies

Page 43

EXTRAMEDULLARY AND EXTRADURAL

Spine infection
« Epidural abscess and/or phlegmon
« Bony retropulsion/kyphotic deformity

Neoplasm
» Metastases- most common include breast, prostate, lung, renal-cell carcnoma
« Primary spinal tumors including multiple myeloma and sarcoma

Other

« Degenerative spondylosis/Ossification posterior longitudinal ligament
« Acute disc herniation

« Spontaneous epidural hematoma

EXTRAMEDULLARY AND INTRADURAL

Developmental cystic lesions
* Dermoid

« Epidermoid

 Arachnoid

* Neuroenteric

Primary tumors
* Meningioma
« Schwannoma
* Neurofibroma
 Lipoma

Leptomeningeal Metastases
« Widely metastatic cancer — most common primaries include breast, lung, melanoma, colon, stomach, leukemia, lymphoma

chroid plexus carcinoma

« Aggressive primary CNS tumors — most common tumors include medulloblastoma, glioblastoma, ependymoma, germinoma, pineoblastoma,

Other
 Arachnoid web
« Arachnoid cyst
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Table 3.

Transverse Patterns of Myelopathy on MRI

Central grey matter

« Infarct — anterior spinal artery occlusion

« Infection — enterovirus 71, poliovirus, coxsackie A9 and A23, coxsackie B, West Nile virus, Japanese encephalitis
virus

» Compressive myelopathy — traumatic or atraumatic

Peripheral white matter predominant
« Demyelinating — multiple sclerosis
« Infection — HIV, HSV, HTLV-1

* Neurodegenerative — ALS

* Neurosarcoidosis

Dorsal column

« Subacute combined degeneration

« Nitrous oxide abuse

» Neurosarcoidosis

« Tertiary neurosyphilis (tabes dorsalis), HIV

Centromedullary

« Infectious/parainfectious/Acute disseminated encephalomyelitis
* Autoimmune — NMOSD, MOGAD

« Vascular — dural AV fistula

« Radiation

« Idiopathic

00646

Irregular

e Tumor

« Infection — abscess

e Trauma

« Vascular-cavernous malformation, intramedullary AVM
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