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ting to be familiar with complex vascular sup-
ply of the spinal cord. In this chapter, clinical
and radiological findings of spinal cord infarc-
tion and ischemia, spinal arteriovenous shunts,
spinal hemorrhage, and fibrocartilaginous
embolism will be discussed in detail. Clinical
presentation, as well as prognosis of these
entities, is variable, dependent on the affected
vessel(s) and the extent of the disorder in the
spinal cord. It varies from acute pain and neu-
rological deficit (both motor and sensory dis-
orders) to progressive myelopathy. Since
successful treatment is highly influenced by
timely and correct diagnosis, based both on
clinical and imaging findings, it is essential to
recognize these entities in an emergency
setting.

1 Spinal Cord Infarction/Spinal
Cord Ischemia

1.1 Definition of Entity

and Clinical Highlights

Spinal cord infarction (SCI) respresents a rela-
tively uncommon condition, often clinically and
radiologically challeging. This condition is
related to a high morbidity due to acute myelopa-
thy. Patients present with severe neurological
deficits, but often show satisfactory functional
improvement. However, up to 20% of patients
present with biphasic strokes, presenting with
acute or transitory sensory deficits preceded by
radiant pain in the region between the shoulders
(Vuong et al. 2016).

Clinical presentation is highly dependent on
the affected vessel and the extent of infarction.
It usually presents with acute pain, weakness,
and sensation loss. The development of symp-
toms is quick, accounting for a few minutes up
to 12 h. In 59% of patients, acute radicular pain
along the distribution of radiculomedullary
artery occurs (Romi and Naess 2016). Clinical
syndromes as commonly observed are the
following:

1. Anterior spinal artery syndrome, consisting of
flaccid tetra/paraplegia with a loss of pain and
temperature (bilaterally), and preserved pro-
prioception and vibration sensations.

2. Incomplete syndrome, the spinal artery syn-
drome (involving only anterior horns), pre-
senting with acute paraplegia
(pseudopoliomyelitic form), painful brachial
diplegia (“man-in-the-barrel” syndrome), and
progressive  distal amyotrophy (chronic
phase).

3. Posterior spinal artery syndrome presents
with a loss of proprioception and vibration
sensations below the level of injury, more
commonly unilateral.

4. Brown-Sequard syndrome (central artery syn-
drome) is ipsilateral spastic paraparesis with
loss of pain and temperature sensation on the
contralateral side.

5. Transverse infarct presents with bilateral
motor deficits and complete sensory loss.

A separate entity is spinal transient ischemic
attack lasting for several minutes to a few hours,
described in a variety of clinical settings,
extremely unusual.

Zalewski and his group recently proposed
diagnostic criteria for spinal cord infarctions and
divided them into five groups: definite spontane-
ous, probable spontaneous, and possible sponta-
neous, as well as definite periprocedural and
probable periprocedural (Zalewski et al. 2019).
Spontaneous SCI encompasses those not directly
associated to trauma or certain procedure; they
are considered rare, although often underdiag-
nosed (recent studies reported that 14-16% of
reported transverse myelitis were ultimately
diagnosed as SCI) (Barreras et al. 2018; Zalewski
et al. 2018). Recently proposed diagnostic crite-
ria include three major components as follows:

1. clinical features,
2. MRI of the spinal cord.
3. cerebrospinal fluid analysis.

Typical clinical features include rapid devel-
opment of severe neurological deficit (within
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12 h). More prolonged onset of neurological defi-
cit associated with spinal cord favors alternative
diagnoses. However, the evolution of deficit is
commonly slower than that in cerebral infarction
due to more powerful arterial collateralization.
Nevertheless, small cross-sectional area of the
spinal cord makes the surrounding tissue more
susceptible to edema and compression that con-
tributes to clinical worsening.

1.2 Epidemiology/Demographics

Spinal cord infarction occurs rarely in compari-
son with cerebral strokes, accounting for 0.3—1%
of all insults, 1-2% of all vascular neurologic
pathologies, and for approximately 6% of all
acute myelopathies (Vargas et al. 2015).
Spontaneous ischemic strokes are the most com-
mon variant of spinal cord ischemia, presenting
in around 86%, while hemorrhagic strokes
account for around 9% of cases (Romi and Naess
2011). Patients with spinal cord stroke are
younger and more commonly females, compared
to cerebral strokes. Mean age at presentation is
56 years (Sullivan and Sundt 2006). Interestingly,
less commonly, these strokes are associated with
hypertension and concurrent cardiac disease
(Jorgensen et al. 1994). However, risk factors
associated with accelerated atherosclerosis (dia-
betes mellitus, smoking, peripheral artery dis-
ease, and elevated cholesterol Ilevels) are
commonly observed as risk factors (Ghandehari
et al. 2010; Naess and Romi 2011). Younger and
male patients usually present with more severe
clinical findings in the initial phase. However,
these patients show much better long-term func-
tional recovery compared to females and older
patients, in whom complications during hospital
stay (pneumonia, thromboemolic events) are
more often encountered (Naess and Romi 2011).
There are not many studies on long-term mortal-
ity among these patients. Those available report
incidence of about 23% in 7 years follow-up
period and 9% in 4.5 years follow-up, which is
lower than in cerebral stroke patients (Nedeltchev
et al. 2004; Hanson et al. 2015). High long-term

mortality is associated with higher age at presen-
tation, severity of acute neurological deficits, and
the extent of peripheral artery disease (Robertson
et al. 2012; Hanson et al. 2015). Up to 80% of
patients with spinal cord infarction report chronic
pain on long-term follow-up, while symptoms
commonly reported in cerebral stroke patients,
such as fatigue, depression, and cognitive defi-
cits, occur more seldom (comparable with inci-
dence in healthy individuals) (Naess et al. 2005).

1.3 Pathophysiology

Spinal cord infarct is caused by acute restriction
of spinal cord arterial blood supply (due to
embolus or plaque), leading to depletion in oxy-
gen and glucose delivery to grey and/or white
matter, which results in ischemia and infarction.
This further causes acute spinal cord-related neu-
rological deficits that are almost always clearly
associated with the vascular territory of the
affected artery. Perfusion restriction can occur as
a result of either global flow insufficiency or
occlusion of selective radiculomedullary artery.
Venous origin of the infarct is present in the cases
of arteriovenous fistula, leading to increased
venous pressure and vasogenic edema. If pro-
longed, it leads to the deprivation of arterial per-
fusion and cytotoxic edema. Additionally, it can
be found in coagulopathies, epidural infections
(epidural venous thrombosis), and myelopathy
caused by cervical spinal stenosis (“snake-eye”
sign).

The mechanism and exact pathogenesis of this
disorder remain undetermined due to lack of
large populational studies that would include
associated vascular diseases and comorbidities
that involve vertebral bodies (Kumral et al.).
Etiological factors are various and several risk
factors have been identified over time: hyperten-
sion, smoking, hyperlipidemia, diabetes mellitus,
as well as coronary artery disease, peripheral vas-
cular disease, and atrial fibrillation. Mechanisms
of infarction reported in the literature also vary,
with majority of patients presenting with idio-
pathic SCI due to atherosclerotic risk factors,
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followed by fibrocartilaganeous embolism, aortic
dissection, hypercoaguability, vertebral artery
dissection, systemic hypotension (in shock), car-
dioembolism, and vasculitis. latrogenic factors
have to be taken into account, including vascular
surgery (aortic cross-clamping, aortic stent-
grafting, lumbar sympathectomy, splenectomy,
nephrectomy, and others) and anesthetic proce-
dures (epidural anesthesia, intercostal, and coe-
liac plexus block).

For the interpretation of spinal cord infarc-
tions, it is necessary to be aware of complex vas-
cular supply of the spinal cord. The first region of
the spinal cord vascularization is located between
craniocervical junction and T3 level. Cervical
part of the spinal cord is supplied from one or two
segmental radiculomedullary arteries, typically
at the level of C3, and accessory artery at C6 and/
or C8. These arteries most commonly branch off
vertebral arteries, but there are some alternative
pathways (the occipital artery, the ascending pha-
ryngeal artery, the deep cervical artery, or the
ascending cervical artery). The second region of
vascularization extends from T3 to T7 and is sup-
plied from the intercostal arteries. In about 70%
of patients, in the upper thoracic region, an addi-
tional dominant radiculomedullary artery, called
artery of von Haller, can be present. The third
region extends from T8 up to the conus medul-
laris and is supplied by the Adamkiewicz artery
(branch of intercostal artery, at the level between
T9-12).

Intrinsic arterial circulation of the spinal cord
is divided into the central and peripheral system.
The central system supplies the gray matter and
central parts of the spinal cord and is provided by
the penetrating branches of central arteries
(branches of the anterior spinal artery). The
peripheral system vascularizes primarily white
matter via radicular arteries (that are up to 5 times
smaller in diameter compared to the central arter-
ies), branches of the posterior spinal arteries. The
contribution of anterior spinal arteries is much
larger, and comprises about two thirds to four
fifths of the transverse cross-sectional area of the
spinal cord. What is also interesting is that nei-
ther transverse nor rostrocaudal anastomoses
between central and peripheral systems are

hemodynamically significant, except in the
superficial part of conus medullaris (cruciate
anastomosis or conus arcade).

Venous system of the spinal cord drains the
instrinsic parts in a symmetrical centrifugal man-
ner. Deep central regions are drained symmetri-
cally through anterior median spinal vein and the
posterior median spinal vein, while superficial
regions (white matter mostly) are drained by
radial veins into coronal venous plexus on the
pial surface. There are rich anastomoses between
these two systems. Deep veins (the anterior and
posterior median spinal veins) drain through ven-
tral and dorsal radiculomedullary veins into seg-
mental spinal veins. Radiculomedullary veins are
present on several segments only (5—10 both dor-
sally and ventrally). The extradural intervertebral
veins communicate directly with the spinal epi-
dural venous plexus, Batson’s plexus. The inter-
vertebral veins drain into the ascending lumbar or
azygos venous systems.

At each level of the spinal cord, there is one
anterior and two posterior spinal arteries.
Additionally, at many levels, there are radicular
arteries that run along nerve roots and supply
anterior spinal arteries. The anterior spinal artery
gives rise to the central arteries that supply the
anterior horns and anterior parts of lateral col-
umns of both sides. The pial plexus surrounds the
spinal cord.

1.4 Imaging Technique

and Recommended Protocol

The radiologist plays an important part of diag-
nostic cascade in these conditions, which can
mimic non-vascular pathology both clinically
and radiologically. Non-contrast computed
tomography (CT) and spinal CT angiography
(CTA) are generally not very helpful in the imag-
ing of spinal cord infarction. However, in older
patients, detection of atherosclerosis or vascular
lesions after surgery can indirectly aid to the
diagnosis.

MRI is the imaging modality of choice for the
diagnosis of the spinal cord ischemia and differ-
ential diagnoses, revealing acute lesions in up to
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70% of patients with suspected diagnosis
(Harringan and Deveikis 2013). The proposed
protocol should include the following:

. T1-weighted sagittal spin-echo.
. T2-weighted sagittal spin-echo,
. short-tau inversion recovery (STIR) sagittal,
. T2-weighted gradient-echo axial sequences.

RENELOS I (S R

Diffusion-weighted imaging (DWI) is not rou-
tinely performed in majority of the centers, but
aids to the diagnosis. DWI can be acquired in
sagittal or axial plane. Sagittal plane has the
advantage of a larger coverage in shorter time,
while axial acquisition allows visualization of
restricted diffusion on both sides of the spinal
cord and is useful in differentiation of this entity
from similar conditions.

Contrast study aids to the diagnosis since
enhancement is usually absent in the acute stage.
T1-weighted postcontrast study contributes to the
differential diagnosis in indefinite
Additional diagnostic studies might include mag-
netic resonance angiography, CTA, and digital
subtraction angiography (especially in cases of
suspected thrombus in the abdominal aorta, or
Adamkiewicz artery).

MRI findings that are required for diagnosis of
SCI are as follows:

cases.

1. no findings of spinal cord compression,

2. specific finding of DWI restriction, associated
vertebral body infarction, or arterial occlu-
sion/dissection adjacent to the lesion,

3. supportive: intramedullary T2-hyperintense
lesions (Zalewski et al. 2019).

It is important to support the diagnosis with
analysis of cerebrospinal fluid, primarily in order
to exclude inflammatory etiology (cell count, IgG
index, oligoclonal bands).

1.5 MRI Findings

Findings on MRI can be normal in up to one
fourth of patients. Usually, the most informa-
tive findings are identified on T2W sequence,

with hyperintensity in the central cord more
than in the peripheral, and usually in longer
than one vertebral section. A common finding is
associated T2W/STIR hyperintensity in the
vertebral bodies (medullary bone) due to verte-
bral body infarct (Fig. 1). There are six differ-
ent spinal stroke syndromes identified on MR
imaging.

The anterior spinal artery infarction repre-
sents the most common SCI syndrome and is
limited to the anterior horns and the surrounding
white matter (classic “owl’s eyes” or “snake
eyes” sign, Fig. 2). The anterior unilateral
infarct unilateraly affects anterior horn.
Posterior spinal artery infarct is limited to the
posterior columns, but may extend to the poste-
rior parts of lateral columns. Posterior unilateral
infarct is restricted to one posterior horn and
sometimes extends into the posterior part of
ipsilateral lateral column/posterolateral region.
Central infarct is located around the anterior
sulcus, in the shape of crescent. Transverse
infarct involves anterior and posterior columns
and extends to both anteo- and posterolateral
regions.

Diffusion restriction is present, following
the similar pattern as in the cerebral stroke.
Restriction is demonstrated approximately
hours after the onset of symptoms, with
pseudo-normalization after approximately
1 week (Peckham and Hutchins 2019). Typical
contrast enhancement in SCI is linear cranio-
caudal strip of enhancement, reflecting the
predominant ischemic area, usually in the
grey matter and confirmed to a specific arte-
rial territory. During the subacute phase, the
patchy contrast enhancement is observed,
usually after 5 days and lasting for approxi-
mately 3 weeks. In general, contrast enhance-
ment is suggestive of alternative diagnoses, at
first transverse myelitis. However, in up to
one half of periprocedural SCIs and in around
40% of spontaneous SCIs contrast enhance-
ment is observed.

If the SCI is not confirmed after initial imag-
ing and the clinical suspicion remains the same,
a follow-up imaging is recommended (days
later).
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Fig. 1 Conus medullaris infarction followed by infarc-
tion of the vertebral body. Conus medullaris is enlarged
and swollen (a — T2W sagittal image), with no contrast
enhancement (b — TIW FS postcontrast image). Clearly
defined geographic area of the lack of contrast enhance-
ment is observed in the posterior part of L1 vertebral body

1.6 Differential Diagnosis

and Pitfalls

The differential diagnosis of the spinal cord
infarction is actually wide, given this is a rather
rare entity. The main differentials include multi-
ple sclerosis (MS), neoplastic lesions, idiopathic
transverse myelitis, and venous congestive
myelopathy.

Multiple sclerosis lesions are usually located
in the peripheral white matter and comprise not
more than three segments in craniocaudal direc-
tion and not more than a half of cross-sectional

(¢ TIW FS sagittal image), corresponding with vertebral
body infarction. On cross-sectional area of the spinal
cord, “owl-s eyes” sign is evident on T2W axial image
(d), followed by diffusion restriction (e), reflecting ante-
rior spinal artery infarction

area. Additionally, they are commonly associated
with brain lesions and have a different and rela-
tively distinct clinical presentation.

Spinal cord neoplastic lesions present with
characteristic expansion of the cord associated
with nodular or diffuse enhancement after con-
trast. Also, cystic degeneration is common.
Clinical onset is slow.

Idiopathic transverse myelitis can have similar
clinical presentation, but not as acute (SCI occurs
in several minutes!). The lesion is long (usually
over three segments) and occupies more than two
thirds of cross-sectional area.
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corresponding “owl’s eyes” sign on the axial image (c),
reflecting typical artery of Adamkiewitz infarction, after
stent graft repair of thoracic aorta (e) due to dissection (d)

Fig. 2 Anterior spinal artery infarction. A “pencil-like”
T1 hypointense (a), T2-hyperintense (b) lesion is observed
in the anterior aspect of the spinal cord on T4-7 level, with
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Venous congestive myelopathy is character-
ized by the presence of engorged pial veins asso-
ciated with T2W/STIR-hyperintense signal in the
central and peripheral white matter.

2 Spinal Arteriovenous Shunts
2.1 Definition of Entity
and Clinical Highlights

Spinal arteriovenous (AV) shunts are rare lesions.
Numerous classification systems exist for
these lesions, based on different features of the
lesions (Da Costa et al. 2009). The Anson-
Spetzler classificiation is based on the flow pat-
tern and angio-architecture and therefore
compatible with the imaging patterns.

1. Type I: dural AV fistula (dAVF) represents the
most common type of shunt lesion, account-
ing for 60-80% of these lesions. This is a low
flow lesion found typically in lower thoracic
or lumbar spine, with a rather small probabil-
ity to produce hemorrhage or to generate
aneurysmatic dilatation of the vessel wall
(Rodesch et al. 2004).

2. Type II: intramedullary glomus AV malforma-
tions (glomus type), representing an intradu-
ral spinal AV shunt lesion, accounting for
10-15% of the lesions. Sometimes they are
referred to as pial AVMs. These high flow
lesions occur throughout spinal cord and are
characterized with plexiform nidus of multi-
ple AV shunts, with feeding arteries often rais-
ing from the anterior or posterior spinal
arteries and draining veins going to perimed-
ullary veins. The incidence of associated anu-
rysms is up to 10%.

3. Type III: Juvenile AVMs (spinal AV meta-
meric syndrome, Cobb’s syndrome) are
extremely rare (up to 5% of all spinal AV
shunt lesions). This is a developmental syn-
drome, representing a combined high flow
intramedullary and extramedullary lesion due
to dysfunction of vasculogenic embryionic
tissues. They are usually located in cervical
and upper thoracic spine and can be associ-

ated with both arterial and venous aneurysms
(Gros & Du, 2014).

4. Type IV: intradural perimedullary AV fistula,
accounting for 15-25% of all spinal AV
shunts. These lesions are high flow but low
pressure lesions, located anteriorly in the
region of conus, fed by the anterior spinal
artery. Arterial aneurysms and venous ectasias
are common.

Clinical presentation is variable and can point
to the specific type of the lesion. dAVFs usually
present with radicular or non-radicular pain and
slowly progressive neurological deficits (over
months). Glomus type lesions present usually
with acute spinal cord hemorrhage followed by
severe pain described as ‘“dagger stab”.
Progression of myelopathy occurs secondary to
repeated hemorrhages (due to aneurysms or sub-
arachnoid hemorrhage from the nidus). However,
this is in general a condition with good prognosis
and up to 80% of patients are independent in
5 year period. Type III lesions (metameric syn-
drome lesions) occur in children and young
patients, presenting with progressive myelopathy
and associated with poor prognosis. Intradural
perimedullary AVFs present with progressive
neurologic deficits due to venous congestion.
Sometimes, subarachnoid hemorrhages occur in
up to 1/5 of patients. The outcome is poor, with a
complete loss of spinal cord function in
10-20 years after the onset (Fugate et al, 2021,
Rosenblum et al. 1987).

2.2 Epidemiology/Demographics

dAVF has a strong male predominance, occurring
mostly in middle aged men (40-70 years of age).
Glomus type AV shunts are typically found in
younger patients below the age of 40 (50%
patients are younger than 25), with no sex predi-
lection. However, up to % is associated with neu-
rocutaneous syndromes (hereditary hemorrhagic
teleangiectasia—Osler-Weber-Rendu). Intradural
perimedullary AV fistulae occur most frequently
in younger patients, age 20-50, with no sex pre-
dilection. Like glomus type, type IV lesions
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present a rather strong association with neurocu-
taneous syndromes.

23 Pathophysiology

Symptoms of dAVFs present secondary to the
medullary venous hypertension and congestion.
These conditions are worsened by bending
coughing, exercise, and pregnancy.

24 Imaging Technique

and Recommended Protocol

Non-contrast CT is generally not used for the ini-
tial diagnosis, nor for the follow-up. The most
common imaging modality used is contrast-
enhanced MRI, usually followed by an angio-
graphic examination, such as CTA or DSA.

The recommended protocol includes the
following:

. T1-weighted sagittal spin-echo.

. T2-weighted sagittal spin-echo,

. short-tau inversion recovery (STIR) sagittal,

. T2-weighted gradient-echo axial sequences.

. T1-weighted contrast-enhanced sagittal and
axial tomograms.

W A W N =

Steady state sequences (CISS, FIESTA) are
extremely useful due to heavy T2 contrast that
increases sensitivity in detection of flow voids.

Susceptibility weighted imaging is a promis-
ing toll in the evaluation of hemosiderin deposits
in the spinal cord, but has not yet fully entered
clinical practice. However, there are some reports
on the signs that can be observed in cases of
chronic myleopathy caused by dAVFs (Enokizono
et al. 2017).

25 MR Imaging

dAVFs have a typical presentation on MRI with
prominent perimedullary vascular flow voids
(especially on steady state sequences). Spinal
cord is usually expanded due to edema (venous

congestion and hypertension) with T2 hyperin-
tensity in the central parts and sparing of the most
peripheral parts (Fig. 3). Peripheral parts of the
cord sometimes show T2 hypointensity, suggest-
ing susceptibility changes in relation to venous
deoxygenation. Small pial vessels often show
enhancement, but this sign sometimes can also be
absent (Krings et al, 2005). Enokizono et al.
demonstrated the presence of “black butterfly
sign” in the dorsal aspect of medulla and the cen-
tral grey matter, probably representing hemor-
rhage, best observed on T2* and SWI images,
although detectable on T2W also. The presumed
mechanism of this finding was the prolonged
venous congestion (Enokizono et al. 2017). CTA
shows ectatic perimedullary veins, dilated trans-
dural draining vein, and plexiform nidus at the
level of neural foramen. DSA remains the gold
standard for fistula localization and is used as a
diganostic modality of choice for preoperative
planning. DSA presents the pathognomonic find-
ing of retrograde flow in transdural vein with
dilated transdural radicular vein that fills tortuous
perimedullary veins retrogradely (Fig. 4).

Glomus type fistulas show intramedullary
nidus with expanded cord due to parenchymal
edema and intramedullary blood products.
Feeding vessels are usually derived from the
anterior and posterior circulations, while the
drainage is to large perimedullary veins (Krings
et al. 2007). They are usually found in the thora-
columbar spine. Sometimes they can have associ-
ated aneurysms and consequent subarachnoid
hemorrhage. DSA is essential for diagnosis of
these lesions, with clear delineation of the nidus
itself, feeding vessels, and draining veins. MRI is
not a reliable imaging modality in preoperative
planning (Rubin and Rabinstein 2013).

Type III fistulas present with tortous and
ectatic vessels within the spinal cord, associated
with subarachnoid and epidural spaces arranged
in metameric distribution. Numerous high flow
AV shunts are observed on DSA, and AVMs and
spinal cord share the same blood supply. Bone,
muscle, and skin are often involved in the
abnormality.

Type 1V fistulas show anterior perimedullary
flow voids, often with displacement of the spinal
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Fig. 3 Spinal dural arteriovenous fistula. The thoracic —cumference of the spinal cord on the cross-sectional area
part of the spinal cord is swollen (a, T2W coronal image), (e, axial image), although most conspicuous on the poste-
due to spinal dural AVF at the level of T5, with evident rior surface (f, STIR sagittal image). DSA shows slow fill-
tortous dilated perimedullary veins around the whole cir-  ing of the dilated perimedullary veins (a—c)
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Fig. 4 Spinal dural arteriovenous fistula. Spinal cord is
enlarged and swollen in the lower thoracic part (a — T2W
sagittal image), with evident tortous and dilated perimed-
ullary veins on the posterior surface (b — postcontrast
T1W FS sagittal image), representing dural arteriovenous

fistula. In the lower part of thoracic medulla, one can
observe “The missing piece” sign, focal geographic area
with the lack of contrast enhancement within a long seg-
ment of intense holocord contrast enhancement (Zalewski
et al. 2018)
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cord posteriorly due to ectatic subarachnoid vari-
ces. Often, there are signs of medullary edema
and expansion. DSA might show a superficial
extra-axially localized nidus with arterialized
perimedullary vein.

2.6 Differential Diagnosis

and Pitfalls

The key problem in the MRI of the AV shunt
lesions is the fact that often only abnormality
within the spinal cord is observed, limited to
the abnormally high T2 signal and expansion of
the cord due to edema. The main differential
diagnosis in this case is venous congestive
myelopathy. Other differential diagnoses
include infarction, demyelination, infection,
and neoplasms.

Heavily weighted T2 sequences are helpful in
accentuating enlarged and tortuous vascular
structures on the dorsal or ventral surface of the
cord, which are suggestive of diagnosis.
Additional aid can be obtained by T1 contrast-
enhanced tomograms that enable visualization of
the abnormal leptomeningeal vessels. However,
prominent perimedullary vessels are not specific
for AV shunts. The same finding can be observed
in some tumors, such as hemangioblastomas, or
hypervascular schwanommas.

3 Spinal Hemorrhage
3.1 Definition of Entity
and Clinical Highlights

Spinal hemorrhage is a rare but important clinical
entity, classified according to the anatomical
space that is involved in the pathological process.
Most of the cases are due to trauma, second most
common forms (up to 35%) are idiopathic; most
common nontraumatic causes are coagulopathies
and vascular malformations (Novy et al. 2006;
Baaj 2012).

Spinal hemorrhage manifests with acute,
painful myelopathy, neck or back pain. Signs

and symptoms usually reflect the level of
injury, the extension of the bleeding, and the
acuity (Shaban et al. 2018). Symptoms may
also develop subacutely (in weeks). It is impor-
tant to know that slowly progressive course is
very rare, seen in less than 5% of patients
(Kreppel et al. 2003). SAH in the spine pres-
ents similarly like intracranial SAH, with acute
headache, meningismus, or other meningeal
signs (Swann et al. 1984). In addition, in spinal
SAH, cranial symptoms such as headache, sei-
zure, altered mental state, and nausea can be
found (Kreppel et al. 2003). Smaller hemato-
mas may be managed conservatively. However,
since neurologic deficits can be reversible, sur-
gical decompression is often considered
(Pierce et al. 2018).

Neck or back pain is usually the leading
symptom, observed at the level of hemorrhage,
sometimes radiating to extremities. The hall-
mark of SAH is so-called “le coup de pignard”
or “dagger’s stab”. Progressive neurological
symptoms including sensory loss, bowel or
bladder disturbances are usually result of
venous congestion in progressive forms of
myelopathies.

3.2 Epidemiology/Demographics
Spinal epidural hematoma (EDH) occurs in
approximately 0.1/10,000 people annually and
represents the most common form of spinal hem-
orrhage. Meta-analysis showed that 75% of all
spinal hematomas are epidural (Kreppel et al.
2003). SAH in the spine is the second most com-
mon form of spinal hemorrhage. Nevertheless,
this condition is extremely rare and occurs in
approximately 6/100,000 people annually. Spinal
subdural hematoma (SDH) and intramedullary
hematoma (IMH) are two least common forms of
spinal hemorrhage. SDH occurs in about 4% of
cases with spinal hematomas. Hematomas occu-
pying multiple compartments account for 2.1%
of all spinal hematomas (Moriarty et al. 2019).
The etiology of spinal cord hemorrhage is listed
in Table 1.
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Table 1 Etiology of spinal cord hemorrhage

Epidural Iatrogenic (spinal procedure,

hemorrhage/ antiplatelet, anticoagulant

hematoma therapy)
Trauma
Vascular diatheses

Subdural Iatrogenic

hemorrhage/ Trauma

hematoma Coagulopathy

Subarachnoid AVM

hemorrhage Spinal aneurysm, AVF
Trauma
ITatrogenic
Rare: metastases, vasculitis,
hemangioblastoma,
ependymoma

Hematomyelia Trauma
AVM, cavernoma, AVF
Anticoagulant therapy
Bleeding diatheses
Primary or secondary tumors
Rarely: aneurysms, irradiation

3.3 Pathophysiology

EDHs represent the most common form of spinal
hmorrhage (Kreppel et al. 2003). Most fre-
quently, they are caused by epidural venous
plexus hemorrhage due to minor trauma, coagu-
lopathy, or disc extrusion. Sponatenous EDH has
an incidence of 0.1/100,000 person-year. SDH is
caused by iatrogenic factors in up to 70% of
cases; less commonly, it is caused by trauma, sur-
gical procedure, coagulopathy, neoplasm, or
AVMs. The pathogenesis is associated with col-
lapse of the microvasculature between dura and
arachnoidea due to minor trauma. Approximately
1% of all SAHs are caused by primary spinal
cord pathology, usually spinal AVMs, dAVFs,
spinal aneurysms, and hemorrhagic tumors
(Shaban et al. 2018). Commonly, SAH in the
spine occurs as a secondary phenomenon, associ-
ated with intracranial aneurysm rupture. Spinal
SAH also can happen as a result of spinal artery
aneurysms (type I aneurysms are related to
lesions that increase arterial blood flow, while
type II are isolated forms). Spinal aneurysms
have predilection for the anterior spinal artery
and cervical spine (50%). They are usually fusi-
form, without the neck, and result from intimal
dissection (Vuong et al. 2016). IMH or hemato-

myelia are described rarely, most commonly
related to anticoagulant treatment, or trauma,
neoplasms (Novy et al. 2006; Agarwal et al.
2014). Trauma represents the most common
cause of hematomyelia, usually seen in the cervi-
cal cord (Pillai et al. 2008). The source of bleed-
ing is microcirculation, creating mass effect that
later results in local infarction caused by hypoxia
and ischemia (Dumont et al. 2001). Vascular mal-
formations associated with hematomyelia are
AVMs and cavernomas; however, AVM usually
leads to spinal SAH (Allen et al. 1979). AVFs can
also sometimes cause hematomyelia, usually
associated with hemorrhagic transformation of
venous infarction (Mascalchi et al. 1998). Old-
fashioned anticoagulant therapy has been associ-
ated with hematomyelia; however, there are no
cases reported with new anticoagulants.

34 Imaging Technique

and Recommended Protocol

MRI with contrast injection is the preferred diag-
nostic modality in evaluation of spinal cord hem-
orrhage. The recommended protocol consists of
T1W, T2W, gradient-echo imaging or SWI, and
DWI. Additional imaging usually refers to dedi-
cated imaging of the vessel pathology, such as
MRA, CTA, or DSA. DSA remains the gold stan-
dard for identification of vascular pathology
(Shaban et al. 2018). Location of the hemorrhage
source remains extremely challenging, even with
spinal angiography, especially in the cases of iso-
lated aneurysms.

Evaluation of the spinal hemorrhage requires
the understanding of blood products’ presenta-
tion on MRI, which is time-dependent. The prin-
ciples of five stages of hemorrhage, described
already for decades on MRI of the intracranial
hemorrhage, can be applied to spinal hemorrhage
as well (Table 2).

It is important to identify the precise localiza-
tion of hemorrhage before the surgical explora-
tion. The position of hematoma in relation to dura
is the key feature for differentiation between sub-
dural and epidural hematomas. This position can
be best identified on MRI, using both axial and
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Table 2 Evolution of the hemmorhage on MRI

Stage Time period Blood component T1W T2W T2W*/SWI
Hyperacute <24 h Oxyhemoglobin Hypo Hyper Variable/Negative
Acute 1-3 days Deoxyhemoglobin Iso Hypo Hypo rim

Early subacute 3-7 days Intracellular methemoglobin Hyper Hypo Hypo

Late subacute 1-2 weeks Extracellular methemoglobin Hyper Hyper Hypo

Chronic >2 weeks Hemosiderin Hypo Hypo Hypo

sagittal imaged, by identifiying the fat, which is
basically never affected by SDH (Kobayashi
et al. 2017). Classic star-like appearance of filum
terminale and cauda equina roots that are affected
by SDH is called the inverted Mercedes-Benz
sing (Hausmann et al. 2001).

MRI features of the spinal hemorrhage evolve
with time (Table 2). On CT and MRI, spinal
artery aneurysm presents as a focal fusiform dila-
tation of an intradural spinal vessel (usually
radiculomedullary artery). They are usually very
small.

EDH can be recognized in the posterior, ante-
rior part or diffuse around the dural sac, with a
specific loss of epidural fat signal and smooth
contour towards the spinal canal (Figure).
Seventy-five percent of the cases present with
EDH dorsally or dorsolaterally within the spinal
canal. This is the result of dura being more tightly
attached to the posterior longitudinal ligament
than yellow ligaments.

SDH occurs in the potential space between
dura and arachnoidea and can be identified as
separated from the epidural fat with prominent
black line that represents dura. It is always con-
tained within the wall of thecal sac. Key feature
in differential diagnosis from EDH is the pres-
ence of epidural fat without inward displace-
ment of the hypointense dura mater (Moriarty
et al. 2019). The inner contour of SDH is con-
cave but usually irregular, not smooth like in
EDH. SDH generates mass effect on the cord,
which is one of the important characteristics of
this hematoma in differential diagnosis
(Mashiko et al. 2006). Blood in the thecal sac
compresses nerve roots and cord and produces
the inverted Mercedes-Benz sign. Contrary to
EDH, SDH does not extend into neural foram-
ina and also does not make direct contact with
the bone.

SAH usually extends in a longitudinal direc-
tion, as layering blood in the CSF space, without
producing a focalized abnormality (Flanders
et al. 1999). Sometimes, it can present as non-
enhancing intradural extramedullary clot with
mass effect on the spinal cord and nerve roots
(Pierce et al. 2018). Distinguishing feature of
SAH is the presence of sedimentation and fluid-
fluid levels typically observed in the dependent
lower lumbar region, and also the presence of
epidural fat signal. Mass-like blood clot is
observed rarely, with variable signal intensity on
T1W and T2W images, but always with CSF sig-
nal intensity surrounding the hematoma, and thus
allowing differentiation from other types of spi-
nal hematomas.

Intramedullary hemorrhage (hematomyelia)
represents blood products within the spinal cord
parenchyma or syrinx (Fig. 5). It usually occurs
at the point of maximal impact in trauma, most
often confined to the central grey matter in the
form of hemorrhagic necrosis (Looby and
Flander 2011). T2* or SWI images are recom-
mended for the proper delineation of blood prod-
ucts. Often, associated finding is rather extensive
medullary edema, extending both cranially and
caudally from the hemorrhagic lesion (Moriarty
et al. 2019). Spinal hemorrhage can affect multi-
ple compartments, thus causing diagnostic chal-
lenge. In these cases, systematic analysis of each
compartment is essential for understanding the
extent of the disorder.

3.5 Differential Diagnosis

and Pitfalls

Careful evaluation of the signs for each compart-
mental hemorrhage is necessary, especially in
cases of multicompartmental hemorrhage.
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Fig. 5 Hematomyelia. In the lower thoracic part of the corresponding to SWI hypointensities (c), representing
spinal cord, heterogenous signal intensity can be observed, — areas of subacute hemorrhage
with T2 hypointense (a) and T1-hyperintense (b) areas,
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Differentiating spinal hematoma from inflam-
mation and neoplasm can be challenging.
Neoplastic process shows contrast enhancement,
at least marginal. Marginal enhancement can sel-
dom be observed in the hyperacute phase of spi-
nal hematoma (Chang et al. 2003). However,
clinical history is different. Clinical history is
also an important key to the diagnosis in inflam-
matory  process, such as abscess or
spondylodiscitis.

EDH should be distinguished from epidural
tumor spread or metastasis (breast, lung, and
prostate cancer). Epidural tumor is usually T1
hypointense, with more solid contrast enhance-
ment. Identification of concomitant vertebral
body infiltrative lesions helps in establishing the
right diagnosis. Epidural abscess is an epidurally
located fluid collection with heterogenous signal
intensity, but shows the same mass effect as
EDH. However, it typically occurs with discitis/
osteomyelitis, as well as with destruction of the
bone or paraspinal muscle fluid collections and
inflammatory reaction. Rarely, differential diag-
nosis includes epidural disc sequestra, fibrosis
due to postsurgical state, and facet synovial cysts
(Pierce et al. 2018).

Differential diagnosis of SDH includes subdu-
ral abscess and hygroma, generally aided by clin-
ical findings and history. Spinal subdural abscess
is an extremely rare entity, presenting with fever
and back pain. On the imaging, it has a complex
signal intensity with peripheral enhancement,
with no abnormalities on gradient-echo imaging.
Subdural hygroma is observed in patients with
recent trauma or intervention. They usually pres-
ent with signal intensity similar to CSF space.
Intradural extramedullary masses (meningeomas
and nerve sheath tumors) typically enhance
avidly and homogenously. Arachnoiditis can also
be included in differential diagnosis, resulting in
the grouping of cauda equina nerve roots.

It is important to differentiate the presence of
subarachnoid spinal hematoma from the flow
voids of cerebrospinal fluid (CSF). CSF does not
generate mass effect and compression on the
cord, as SDH. In addition, spinal hematoma is
identifiable on all MR sequences, while CSF flow
voids are usually most prominent on TIW/T2W
sequences, but disappear on gradient-echo

sequences. In addition, there is no compressive
effect on the spinal cord and nerve roots.
Sometimes it is hard to differentiate SDH from
SAH, but the latter lacks fluid-fluid levels, which
can be a helpful hint.

IMH should be differentiated from intramedul-
lary neoplasm, especially in the cases of nontrau-
matic etiology (when clinical history is not helpful).
In these cases, neoplasm should be considered a
potential underlying cause of IMH. Both primary
(hemangioblastoma and ependymoma) and sec-
ondary tumors (metastases, most commonly from
renal cell, breast, and lung carcinoma) can produce
hemorrhage. Ependymomas may present with
peripheral rim or hypointense foci of T2 hypoin-
tensity, termed “cap sign”, and enhance avidly.
Hemangioblastoma is usually in the form of a cys-
tic lesion with an intensively enhancing nodule.
Metastases have variable presentation, but most
commonly, they have homogenous ehncancement
with great amount of surrounding edema. Spinal
AVMs are also a common cause of hematomyelia,
but usually have a typical MR presentation.

4 Fibrocartilaginous Embolism
4.1 Definition of Entity
and Clinical Highlights

Fibrocartilaginous embolism (FCE) represents a
rare condition that occurs due to migration of
fibrocartilagionous nucleus pulposus through the
vasculature into the spinal cord vessels
(AbdelRazek et al. 2016). Up to date, no more
than 200 cases nave been described in the litera-
ture (Mateen et al. 2011). However, many authors
feel that this condition is actually underestimated
and often overlooked cause of the spinal cord
infarction (Manara et al. 2010).

Clinical picture is that of a spinal cord infarc-
tion, with the transient back or neck pain, fol-
lowed by progressive myelopathy. There is
always a sensory level present, with bladder and/
or bowel dysfunction. Typically, paraplegia or
quadriplegia (with or without respiratory com-
promise) occurs, dependent on the level of lesion
(thoracolumbar region vs. cervical spinal cord).
Symptoms occur promptly and develop over
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hours, which helps in distinguishing from inflam-
matory or neoplastic disease. Also typically, there
is temporal relationship to an event that served as
a trigger for FCE (bending, minor trauma, heavy
lifting) measured in hours to days. The typical
clinical finding in anterior spinal infarction is the
sparing of proprioception and vibration sensation
below the sensory level.

The diagnosis of FCE is based on the follow-
ing criteria:

1. severe acute back/neck pain followed by rapid
onset of progressive paraplegia/quadriplegia
with sphincter dysfunction and/or abolish-
ment of reflexes,

2. close temporal relationship with Valsalva
maneveur or a minor trauma,

3. negative CSG examination; absence of sys-
temic embolic sources and prothrombotic
conditions,

4. concordant MRI findings of a spinal cord
infarction (cord edema) with signal intensity
changes in the intervertebral disc or body
adjacent to the level of the cord lesion or
Schmorl’s nodules (Spengos et al. 2006;
Raghavan et al. 2004; Davis and Klug 2000).

4.2 Epidemiology/Demographics

FCE occurs slightly more commonly in females
(63.5%), with the average age around 40. However,
more than a half of reported cases occurred in
patients younger than 40. In recent literature, the
period between the trigger and FCE symptoms
was average 2.4 days (usually within 24 h).
Symptoms of neck or back pain were observed in
more than % of cases. Mortality due to this condi-
tion was most commonly associated with pulmo-
nary embolism, pneumonia, and aspiration
(AbdelRazek et al. 2006; Mateen et al. 2011).

4.3 Pathophysiology

Although intervertebral disc represents an avascu-
lar structure, it is the source of embolic material in
this rare condition. Intervertebal disc consisted of
two compartments: mesodermally derived annulus

fibrosus and endodermally derived, centrally
located nucleus pulposus. In the neonatal period,
disc is supplied by rich vasculature, which
regresses at the age of 2 months and the disc
becomes completely avascular by the end of the
first decade of life. In the normal adult, neovascu-
larization appears at the age of 50, and in cases
with developed degenerative disease, even earlier
(Boos et al. 2002). Shared arterial supply between
vertebral bodies and the spinal cord (spinal
branches of radicular arteries supply the posterior
parts of vertebral bodies and reinforce the longitu-
dinal spinal arteries to the spinal cord) is the postu-
lated pathophysiologic basis for the occurrence of
FCE (AbdelRazek et al. 2016). Additionally,
Schmorl’s nodes represent loci minoris resisten-
tiae, because fibrocartilaginous masses are in the
close proximity to the vasculature of vertebral
body. It is suggested that the initial trigger is
increased intradiscal or intravertebral body pres-
sure by axial forces during Valsalva maneuvers
(heavy lifting, straining, or minor trauma to the
back or neck). The fibrocartilaginous mass, after
entering vasculature, travels through either arterial
or venous route to reach the spinal cord. If it enters
arterial route, it travels through radicular artery
and causes spinal cord infarction (Yousef et al.
1998). If it, on the other hand, enters the venous
route, it goes through vena cava to the Batson’s
plexus and spinal cord. Some cases showed the
presence of both arterial and venous FCE in cases
of concomitatnt arterial and venous embolizations
or due to presence of normally present AV shunts
in the epidural space (Vuia and Alexianu 1969).

4.4 Imaging Technique

and Recommended Protocol

Imaging modality of choice is MRI, since CT is
not sensitive for depiction of parenchymal lesions
in the spinal cord. Recommended protocol is
basically the same as for the spinal cord
infarction:

T1-weighted sagittal spin-echo.
T2-weighted sagittal spin-echo,
short-tau inversion recovery (STIR) sagittal,
T2-weighted gradient-echo axial sequences.

R
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Diffusion-weighted imaging (DWI) and con-
trast study are optional, but can aid to the diagno-
sis, especially DWI, that can also be of prognostic
value.

Typical findings are that of the spinal cord
infarction, with T2 hyperinetnse lesions in a vas-
cular distribution, most commonly with no con-
trast enhancement (typically observed in
inflammatory or neoplastic lesions). However, in

|
P*

Fig. 6 Fibrocartilaginous embolism. On T2W sagittal
image, lesions in the anterior part of the conus are evident
(a), consistent with infarction of the left anterior horn (b).

the subacute phase, patchy gadolinium enhance-
ment can be observed, as well as hemorrhagic
transformation of infarction. Additional impor-
tant imaging feature are T2 signal intensity
changes in the vertebral body or intervertebral
disc adjacent to the cord lesion (Fig. 6).
Standard, conventional MRI (without DWI)
can be unremarkable, especially in the early
stages. DWI might have a key role in establishing

Bulging of L5-S1 intervertebral disc is observed and rep-
resents the potential source of embolism
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the accurate diagnosis, since it can differentiate
vasogenic (present in inflammatory myelitis)
from cytotoxic edema (present in ischemia).
Changes observed on DWI predate signal changes
on T2 and can be observed within a few hours
after the onset of ischemia (Manara et al. 2010).

4.5 Differential Diagnosis

and Pitfalls

FCE remains an uncommon diagnosis and is
often mistaken for the inflammatory cord lesions,
based solely on imaging features. However, the
likelihood of FCE raises with typical clinical pre-
sentation, the presence of a trigger in close past,
along with suggestive CSF findings and MRI fea-
tures of a spinal cord infarction. CSF analysis is
usually normal or with slightly elevated protein
level. However, pleocytosis or increased IgG lev-
els, typical for inflammatory lesions, are never
observed (Frohman and Wingerchuk 2010).

DWI is an extremely useful sequence for dif-
ferentiating inflammatory myelitis from spinal
cord ischemia. Ischemic lesion is first observed
as diffusion-restricted area in the spinal cord in
the vascular distribution, predating signal
changes on T2. To the contrary, in the inflamma-
tory lesions, signal intensity changes are well-
observed on T2, while there are no concordant
abnormalities on DWI (insensitive), or there can
be signs of facilitated diffusion consistent with
vasogenic edema. Therefore, DWI should be
included in the standard protocol for evaluation
of the spinal cord lesions, since it proves the isch-
emic nature of the lesion very early in the course
of disease.
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