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Magnetic Resonance Imaging Diagnostics
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Abstract

Magnetic resonance imaging (MRI) is the method of choice in diagnostics and differential diagnosis of spinal cord arterial infarction and venous
insufficiency. However, imaging of vascular myelopathy is complicated by the lack of clear diagnostic criteria. Basic MRI sequences have low sen-
sitivity at disease onset, and described MR patterns do not sufficiently increase imaging specificity for spinal cord ischemia, so imaging protocols
are to be elaborated.

Diffusion-weighted imaging is a key additional sequence that allows establishing the ischemic nature of myelopathy.

Inclusion of spinal MR angiography in comprehensive MR examination allows visualization of aorta abnormalities, its large branches or spinal
arteriovenous fistulas, so that they can be treated early.

We presented an optimal MRI protocol for patients with suspected ischemic spinal stroke. Promising high-tech MR sequences for visualization
of vascular myelopathies were reviewed.
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MPT-nuarHocTuka coCyaUCTbIX MHUEIONATUM:
oT 0a30BBbIX MOC/IE€N0BATEIbHOCTEN

K IIEPCIIEKTUBHbBIM IIPOTOKOJ/IAM HUCCJ/I€EJOBAHHA

I.B. [lonomapés!, A.0. Aragonos', H.JI. bapunsk?, A.B. Amenun!, A.A. Ckopomer’

'Mepeviti Canxm-IlemepOypeckuti 2ocydapcmeennbiil meduyurckuti yuusepcumem umenu M.I1. [laenosa, Cankm-Ilemep6ype, Poccus;
*Bcesonioxckas KauHuueckas Mexpationnas 6onsHuya, Beegonosxck, Poccust

Annomayus

MazHumko-pe3onarcias momozpagpus (MPT) sensemes memodom evibopa 6 duazkocmure u dughpeperyuansholi duazHocmuke apmepuabHozo
UH(hAPKMA CNUHHOZ20 M0320 U €20 8eHo3Holl Hedocmamourocmy. OOHAKO 8U3YANU3AYUs COCYOUCMOL MUESONAMUU OCIOKHEHA OmCcymemeueM
uémkux Juazxocmuueckux kpumepues. [lpu amom 6azosvie nocedosamensiocmu MPT obnadaom Huskoil uyscmeumesHocmbio 8 dediome 3a-
bonesanus, a onucanxble MP-nammepbl HedocmamouHo nosbiuaiom cneyuguuHoCMb paduon02uueckoli KApMuHbL ULEMUU CNUHHOZ0 MO32d, 4Mmo
mpeGyem pacuiupeHus npomoxona 00cned08aHus.

JlononHumensHoti nocsiedosamebHOCMbio, NO380AI0UEL YCMAHOBUMb ULIEMULECKYI0 NPUpody Muesonamuu, 8 nepeyio ouepeds asasemes oug-
(hy3uoHHo-838eweHHOe U300PaKEHLE.

Briouenue & komnaekcioe MP-obcredosanue cnunanskoti MP-aneuozpagpuu no3gonsem 8usyaausupogans namosozuto aopmol, eé KpynHbix
gemgell LU CNUHAJIbHble apMepUOBEHO3Hble (PUCMY.IbL, CNOCOOCMBYS UX PaHHeL! KoppeKyuL.

Ipedcmasnen onmumanshbii mexnuueckuti npomokon MP-uccnedoganus npu nodo3peHul Ha utieMu4eckuti CNuHAbHbL uHCymbm. Paccmompena
POl nepenekmugHbLx 8bicokomexHonozuHbix MP-nocnedogamesnsHocmetl 8 8u3yanu3ayuu cocyoucmoti Muenonamuu.
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Current challenges in diagnostics of non-compression
vascular myelopathies

A search for effective methods for diagnosing myelopathies
to differentiate various mechanisms of spinal cord (SC) dam-
age has been ongoing for decades. The imaging methods that
were described and introduced in the second half of the 20th
century, such as angiography, expanded our understanding of
blood supply to the SC and vascular myelopathies [1]. Wide-
spread introduction of magnetic resonance imaging (MRI)
into clinical practice and use of various MRI modalities and
sequences have revealed many differential diagnostic aspects
of central nervous system damage [2-4]. However, most MRI
protocols that are successfully used for diagnostics of brain
lesions are not used for myelopathies due to the anatomy
and physiology of the SC. At the same time, development
of neuroimaging methodology and consistent accumulation
of knowledge about the pathophysiology of non-compressive
vascular myelopathies allows considering the capabilities of
MR technologies from new perspective.

Supplementing the definition proposed by the American Heart
Association [5], we can say that ischemic spinal stroke (acute SC
infarction, subheading G95.1 “Vascular myelopathies” of ICD-10,
subheadings 8B43 “Non-compressive vascular myelopathy” of
ICD-11") is a severe damage of the SC substance that is mani-
fested by a sudden or rapidly increasing persistent neurological
deficit, which is established based on pathological, imaging, or
other objective evidence of SC focal ischemic injury in a defined
vascular distribution if other intra- or extramedullar abnormal-
ities are excluded. Therefore, the current model for diagnosing
vascular myelopathy is based primarily on the rapid exclusion of
other acute myelopathies that require immediate surgery (such
as compressive myelopathy, SC tumors) or conservative treat-
ment (such as myelitis) [6, 7]. In other words, "vascular myelop-
athy” is still a diagnosis of exclusion.

"Not used in Russia.

Unfortunately, we do not have exact epidemiology data avail-
able on prevalence of SC vascular disorders. Rare publica-
tions on this topic reported a few studies with small sample
size and heterogeneous inclusion criteria. According to them,
vascular myelopathies account for 5% to 8% of all acute my-
elopathies and 1% to 2% of all vascular neurological patho-
logies [8]. AL Qureshi et al. in a population-based study sug-
gested that the incidence may vary from 1.6 to 7.2 per 100,000
person-years [9].

The lack of uniform diagnostic protocols may be a reason
for a relatively small number of registered cases of vascular
myelopathy. Therefore, we can assume that patients with SC
infarction are often misdiagnosed. The lack of diagnostics
criteria has also hampered overall progress in spinal angio-
neurology [10]. However, early diagnostics of SC infarction is
crucial for identifying and eliminating potentially manage-
able causes, as well as early initiation of rehabilitation mea-
sures [11].

Both clinical and imaging signs of vascular myelopathy large-
ly depend on the mechanisms and causes of SC hypoperfu-
sion, which are associated with either reduced arterial blood
supply or venous dysregulation [12].

Most common causes of arterial spinal cord infarction (SCI)
include aortic disease (atherosclerosis, dissection, coarcta-
tion), vertebral artery disease, atherosclerosis and mechan-
ical compression of the radicular arteries, and hypotension
due to heart failure [13-15]. According to various authors,
the proportion of idiopathic SCI varies from 7% to 50% [8, 16].
Venous congestion due to abnormal arteriovenous shunts in
the presence of spinal dural or epidural arteriovenous fistulas
is a major cause of spinal venous insufficiency [6].

latrogenic causes of SC infarction should be mentioned se-
parately. According to N.L. Zalewski et al., aortic aneurysm
repair is the most common procedure that is complicated
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by SCI (49% of cases) [17]. Other surgical interventions and
procedures on the aorta account for 15% of cases; surgical
and manual procedures on the spine, endovascular surgery,
epidural anesthesia, and blockade of the cervical or lumbar
roots of the spinal cord account for 36%.

It should be also noted that the studies mainly included pa-
tients after aortic surgery. Therefore, the pathogenesis and
natural history of spontaneous or non-iatrogenic SC infarc-
tion remain largely unknown [18§].

Thus, neuroimaging is a pivotal diagnostics step because it
allows narrowing differential search and establishing a spe-
cific diagnosis.

Aim. This review aimed at summarizing available information
on the sequences and MRI markers that are used in diagnos-
tics of vascular myelopathies.

Materials and methods

A review of publications indexed in PubMed, Scopus, and
RSCI databases was carried out using the key words “spinal
cord”, “ischemia”, “infarction”, “non-compressive myelopa-
thy”, “MRI, “sequences”, “DWI”, “DTI", “spinal angiography”,
“vascular malformations”.

MRI methods for visualization of ischemic spinal stroke

Due to physical limitations of X-ray diagnostic modalities and
spatial resolution of computed tomography (CT), MRI has be-
come the gold standard for visualization of vascular and other
lesions of the spinal cord. Crucial for a good-quality spinal
examination is the use of magnetic resonance scanners with
optimal spatial resolution and signal-to-noise ratio (SNR) [19].

However, available spine and SC MR protocols are less stan-
dardized than those for brain imaging. Spinal “visualization
barriers” are most challenging for sequence optimization. Arti-
facts caused by lung excursion and respiratory movements of
the chest, CSF dynamics and aortic pulsation, swallowing, can
lead to distortion of MR images to a certain extent [17-19].

In addition, 3T MR scanners for SC imaging compared with
1.5T ones are more prone to artifacts caused by field inho-
mogeneity [20].

However, there are sequences that are used for any spine
MRI protocol. These sequences are fast spin echo T2 and spin
echo T1; investigations should have sequences in both sagit-
tal and axial planes in the field of view that does not exceed
the area of interest and slice thickness of up to 3 mm, which
helps identify the exact location of the lesion [21].

Widely used in spinal neurology, T2-weighted imaging (WI)
with the spin-echo inversion-recovery method (Short-Tau

MRI diagnostics of vascular myelopathies

Inversion Recovery, STIR) is manifested by SC hyperintensity,
since it enhances abnormal processes due to the short time
inversion value, which suppresses the signal from fat. How-
ever, T2-STIR sequence has a lower signal-to-noise ratio and
greater susceptibility to the spinal “imaging barriers” men-
tioned above. Therefore, this sequence has high sensitivity
but low specificity for spinal lesions [19, 20].

As with cerebral infarction, T2-weighted images are sensitive
to the total volume of tissue fluid in the SC. Therefore, sig-
nal intensity change appears only once significant vasogenic
edema of the infarcted tissue has developed. Therefore, the
SC ischemia lesion is not seen on T2-weighted MR images at
the onset of clinical symptoms [6, 22]. In a study by K. Ne-
deltchev et al., only 45% of patients with acute SC ischemia
had signal intensity changes on T2-weighed MR images per-
formed on day 1 of the onset of clinical symptoms [8].

M.M. Thurnher et al. assessed MRI findings in 23 patients
with SCI: MR signals on T2-weighted MR images were not
visualized in 3-4 hours but were seen in 8 hours after the
onset of clinical symptoms [23]. According to S. Weidau-
er et al, slight signal change on T2-weighted MR images
can be seen as early as in 3 hours but significant signal
change is seen only in 12-24 hours after the onset of clini-
cal symptoms [24]. Based on these observations, the authors
suggested that MRI should be performed not earlier than
12 hours from the onset of clinical signs of myelopathy or
later, since the infarction lesion is best visible in the su-
bacute stage of its development [11].

Thus, basic MRI sequences have low sensitivity at the on-
set of SCI, when the accuracy of the differential diagnosis
of myelopathy is especially important and critical. On the
other hand, low sensitivity of T2-weighted images at the on-
set of SCI (i. e. no signal enhancement from the lesion and
the development of edema) can be itself a useful differential
diagnostic sign [16, 24].

However, T2 signal hyperintensity and SC edema are non-spe-
cific findings that can be also seen in patients with myelitis of
various origin. In this context, diffusion MRI sequences are of
key relevance [6, 23, 24].

Diffusion-weighted imaging (DWI) sequence, which has a
high sensitivity to cerebral cytotoxic edema, is widely used
in angioneurology to determine the most acute stage of ce-
rebral infarction [2, 25]. High sensitivity of DWI for acute
ischemic processes in the brain has been demonstrated in
multiple studies. Diffusion and perfusion MRI is an important
investigational tool in the acute phase of ischemic stroke,
as it may differentiate reversible brain tissue damage from
irreversible [25].

Experience with DWI in patients with SCI is limited. This is
mainly related to technical difficulty with DWI in the spinal
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canal. Pulse sequences specifically designed for the spine and
spinal cord are not commonly available and require optimi-
zation [23].

For DWI of the SC, single echoplanar imaging is used with a
maximum b-factor of 600-1000 sec/mm? and a slice thickness
of 3 mm. In SCI patients, apparent diffusion coefficient varied
from 0.23 to 0.9 x 103 mm?/s (Figure 1) [23].

None of the studies established the exact time frames for
the manifestation of diffusion changes in the SC substance.
According to different authors, the average time between the
onset of clinical symptoms and signal change on DWI is 3 to
4 hours [26]. In a study by M.M. Thurnher et al. in 23 SCI pa-
tients, persistent hyperintensity of the SC ischemia lesion on
DWI was reported when MR images were obtained between
2 and 9 days [23]. In a study in 11 patients by N. Yadav
et al.,, diffusion limitation was not seen during imaging on day
17 to 21 from the onset of clinical symptoms [27]. Therefore,
larger studies are needed to establish the temporal threshold for
diffusion changes on MRI in patients with SCL

There is no doubt that DWI-MRI can help in identifying SCI
at early stage. However, despite the use of techniques to re-
duce spatial distortion and improve the quality of the images,
some technical challenges persist for DWI of the SC [26].

Quality of echoplanar DWI is reduced due to susceptibility ar-
tifacts and those related to spine magnetic field, which may
result in false positive results [28]. Throughout the long echo
sequence, phase errors will accumulate, resulting in spatial in-
consistency in the reconstructed image. The longer the echo
sequence and the higher the resolution, the more pronounced
the distortions will be, which will be also amplified due to dif-
ferences in the susceptibility of various spinal tissues (bones,
intervertebral discs, cerebrospinal fluid, etc.) [16, 27].

Susceptibility distortions around the SC can lead to “pile-up”
artifacts (hyperintensities) that can mimic cord infarction [23,
29]. To maintain sensitivity to ischemia, it was proposed to
use higher b-factor values (> 600) [28].

Due to possible false-positive DWI results, it is recommended
to supplement subsequent control MR studies with standard
sequences (T2-WI, T2-STIR) [11].

According to M.X. Wang et al., diffusion weighted images at
the spinal level are preferred in sagittal planes, as this view
allows for larger coverage, shorter acquisition time, and less
artifact [12].

Key MR features of vascular myeolpathy
Due to small size of the SC, its lesions are relatively small and

visually indistinguishable on MRI, which definitely compli-
cates the differential diagnosis of myelopathies. However, for

Fig. 1. MR image of patient P. with SC infarction at Th11-Th12.
A) T2-weighted image, sagittal plane: intramedullary hyperintense
elongated lesion (white arrows) at Th11-Th12;

B) T2-STIR, sagittal plane: intramedullary hyperintense elongated
lesion (white arrows) at Th11-Th12;

C) DWI, coronal plane: intramedullary hyperintense lesion of irregu-
lar shape at Th11-Th12 (white arrow), b = 800;

D) T2-weighted image, axial plane: hyperintense intramedullary le-
sion at Th11-Th12;

E) DWI, axial plane: intramedullary hyperintense lesion on the right
at Th11-Th12 (blue arrows), b = 800;

F) DWI, axial plane, ADC map: diffusion restriction corresponding
to the lesion on DWI (blue arrows), b = 800.

some demyelinating disorders (multiple sclerosis, neuromy-
elitis optica spectrum disorder, acute disseminated enceph-
alomyelitis), systemic inflammatory disorders (sarcoidosis),
dysmetabolic disorders (vitamin B12 deficiency) and other
processes, specific MR patterns have been described, which,
together with the clinical and laboratory findings, allow es-
tablishing the correct diagnosis [30-33]. Accuracy of imaging
can be improved by considering MR patterns typical for the
acute and subacute stages of vascular myelopathy of arterial
Oor venous origin.

MR features of spinal cord arterial infarction

Arterial infarction of SC tends to occur in “watershed” areas
where collateral circulation is poor, which is likely to explain
delayed signal increase on T2-WI and T2-STIR in the acute
phase of SCI [34]. However, a literature review demonstrated
the lack of consensus on the most common location of such
areas (lower cervical segments, middle, lower thoracic seg-
ments, conus medullaris).

Studies by A.A. Skoromets et al. [1], ]. Novy et al. [18],
S. Weidauer et al. [24, 31] illustrated various models (types)
of arterial ischemia of the SC, which reflect the vascular ter-
ritory involved: the area of the anterior spinal artery (ASA)
limited by the anterior horns and adjacent white matter on
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Fig. 2. MR image of patient A. with arterial infarction of spinal
cord at C2-C3, C3-C7.

A) T2-weighed image, sagittal plane: multifocal intramedullary hy-
perintense elongated lesion at C2-C3, C3-C7; the light-yellow line
indicates the section at C3 (D), the purple line indicates the slice at
the C5-C6 intervertebral disc level (E);

B) T2-STIR, sagittal plane: intramedullary hyperintense elongated
lesion (white arrows) at C2-C3, C3-C7;

C) T1-WI, sagittal plane: multifocal intramedullary hypointense
elongated lesion at C2-C3, C3-C7 (white arrows);

D) T2-weighed image, axial plane: intramedullary hyperintense le-
sion at C3 occupying the gray matter area (hologrey phenomenon,
light yellow arrow);

E% T2-weighed image, axial plane: intramedullary hyperintense le-
sions at the intervertebral disc at C5-C6 (snake eyes phenomenon,
purple arrows);

F) TI-WL, axial plane: intramedullary hypointense lesion
at C3 (white arrow).

both sides (anterior type); the area of the posterior spinal
arteries limited by the posterior columns, adjacent areas of
the lateral columns and part of the posterior horns (posterior
type); rarer sulcocommissural, central and transverse types.

In some cases of reduced collateral blood supply to the SC,
the ischemic lesion can involve only the gray matter of the
anterior horns due to a greater sensitivity of motor neurons
to anoxia and the presence of a “watershed” area between
the pial and sulcocommissural arteries. Over time, this mor-
phological pattern leads to a typical MRI pattern described as
“owl eye” or “snake eye” appearance on axial T2-weighed im-
ages [27, 31]. On sagittal T2-weighed images, this hypointense
lesion corresponds to a pin-like or pencil-like appearance and
usually involves more than 2 spine segments (Figure 2) [19].

However, the “snake eye” appearance is not typical for SCL
Some other diseases that involve anterior horn motor neurons,
such as motor neuron disease, spinal muscular atrophy [35],
Hirayama disease [36], poliomyelitis and tick-borne encepha-
lomyelitis, may also be associated with this MR sign [31-33].

It should be noted that the identification of specific MR pat-
terns may have limitations in differential diagnosis, for example,

MRI diagnostics of vascular myelopathies

with demyelinating lesions of the SC [34, 37]. In such cases,
i. v. contrast enhanced brain MRI must be performed [24].

N.L. Zalewski et al. in their series of articles evaluated inci-
dence of different MR patterns in 75 SCI patients [10, 17].
Signs of ischemia in the territory of the ASA with involve-
ment of the anterior 2/3 of the SC and the “snake eye” or
“pin” appearance was quite common (63-70% of cases).
In almost half of the cases (46%), the hologrey phenomenon
was observed on axial images, which corresponds to an in-
crease in the T2 signal from the gray matter of the SC and,
probably, reflects its greater vulnerability to hypoxia. Atypical
T2-hyperintense anteromedial U- or V-shaped lesions were
seen in 15-20% of cases. Lesions were often (68%) vertically
extended (> 3 vertebral segments), extending from the tho-
racic region to the conus and were accompanied by edema of
the SC substance (25%). In some cases, a perifocal increase
in T2-weighted signal from the ASA indicated the presence
of a thrombus or slow blood flow [10, 17].

N. Yasuda et al. demonstrated different MR patterns depend-
ing on the location and extent of aortal surgery (thoracic/
abdominal/aortic arch replacement) [38], thus showing the
importance of neuroimaging monitoring in this population.

Besides medullary ones, we should note extramedullary MR
signs of arterial ischemia of the SC, such as vertebral body
infarction, which is manifested by abnormal high signal from
the bone marrow on T2-weighed images. This phenomenon
can be explained by proximal occlusion of the artery lead-
ing to the vertebral body, intervertebral disc, and spinal cord
[26, 37, 39]. According to S. Weidauer, this MR sign can ap-
pear from 8 hours to several days or weeks after the onset
of clinical symptoms [31]. Its prevalence ranges from 14%
to 44%, and it is more common with lesions in the territory
of the ASA [27].

MR features of spinal venous insufficiency

Spinal arteriovenous fistulas are the most common vascular
malformations of the spine (70%). Among those, the most
common are spinal dural arteriovenous fistulas (SDAVFs) of
thoracolumbar localization, which account for 70-85% of cas-
es with an annual incidence of 5-10 cases/1 million [32].

The fistula drains directly into the intradural radicular vein
and then into the perimedullary venous plexus. Enlarged
serpentine perimedullary veins ascend along the SC. Due
to insufficient venous egress into the epidural plexus,
venous congestion develops, followed by medullary ede-
ma, which later can lead to decreased arterial perfusion
and subacute/chronic ischemia with very non-specific
clinical manifestations such as gait disturbances (myelo-
genous intermittent claudication), “saddleback” hypoesthe-
sia, pain in the lower extremities, and dysfunction of pelvic
organs [1, 19, 40].
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MR signs of SDAVF reflect the pathophysiological pattern of
venous hypertension: key signs include swelling of the lower
thoracic and caudal segments of the SC with hyperintensity
on T2-WI and hypointensity on T1-WI together with tortuos-
ity of the dilated perimedullary veins of the SC usually on its
dorsal surface. These serpentine veins appear as linear areas
of flow void phenomenon on T2-WI or contrast-enhancing
structures on post-contrast T1-WI (Figure 3). In case of se-
vere edema of the SC, the veins may not be visualized due
to the mass effect [40]. Limited, often well-defined lesions
with a hypointense rim due to hemosiderin deposits can also
be detected, and they are characterized by a heterogeneous
hyperintense intralesional signal depending on the stage of
hemorrhage on T2-weighted images [31, 41].

N.L. Zalewski et al. demonstrated an additional MR pattern
for SDAVF (termed the missing-piece sign), which is defined
as an area of missing contrast enhancement in at least one
or several SC segments amidst an intense area of contrast
enhancement [42]. According to the authors, missing con-
trast enhancement in individual segments was likely to be
related to the intact blood-cord barrier and better venous
egress routes.

MR imaging of spinal cord vessels

Based on characteristics of the spinal cord ischemic lesion
obtained using standard (T2, STIR) and diffusion MRI se-
quences, it should be considered whether the patient needs
MR angiography of the CS.

In this context, selective spinal angiography (SSA) remains
the diagnostic gold standard. SSA allows visualization of
both normal angioarchitecture and various abnormalities
of the arteries and veins of the SC. This method allows dy-
namic assessment of arterial inflows to the vascular myelop-
athy lesion, condition of the vessels directly in the lesion,
and the features of the venous egress [1, 43, 44]. However,
this invasive procedure can only be carried out in speciali-
zed centers by specialists in X-ray surgical diagnostics and
treatment. Due to its technical difficulty and potential com-
plications, the indication for SSA should be well considered
and reserved for the cases where a vascular malformation
is suspected (flow void phenomenon, i.e. a typical SC edema
on T2, STIR), or secondly for preoperative imaging of the
vascular anatomy or supply in cases of spinal or medullary
tumors, or aortic disease [44].

Contrast spinal MR angiography (CMRA) can be an alterna-
tive option or a method preceding SSA that allows clarify-
ing the origin, location, and volume of previously identified
vascular change [45]. With comparable sensitivity to SSA,
this method can be used for dynamic SC MR-angiography,
including perioperative setting [44]. Angiodynamic analysis
of the vascular myelopathy lesion is an advantage of CMRA.
Dynamic CMRA is also useful in detecting dissection and

thrombosis of large (aorta) and small (vertebral) arteries
(Figure 4) [21, 45].

CMRA allows visualization of blood flow in the arterial, ve-
nous and delayed phases. Therefore, 3D and 4D CMRA is an
effective technique for visualization of vascular malforma-
tions and arteriovenous fistulas, such as SDAVFs [45]. These
sequences allow determining the exact location of the arterio-
venous fistula, its interaction with other vascular structures,
and the course of serpentine perimedullary vessels [33]. In a
study by A. Lindenholz et al., CE-MRA correctly localized the
SDAVF in 43 of the 53 cases (81%) [46].

In some cases, such as in patients with artificial pacemak-
ers, other MR-incompatible devices, or severe claustrophobia,
MRI cannot be performed for diagnostics of vascular my-
elopathy. These patients should have CT angiography of the
aorta and its branches, which allows identifying atheroscle-
rotic damage to the walls of the major vessels, the presence
of local narrowings and dissections that impede the SC blood
supply [12, 43, 44].

Promising approaches in MR imaging of vascular
myelopathy

Analysis of intramedullary lesions is challenging if standard
MR sequences are used. Determining the nature of myelop-
athy and distinguishing acute ischemic lesions from hyper-
acute and subacute ones remains challenging from the clini-
cal and radiological points of view.

Use of ultra-high-field MRI scanners (> 3 T) has an obvious ad-
vantage of more detailed imaging of small structures, which is
especially valuable in visualization of the SC and its vessels for
primary or preoperative diagnostics [20]. However, the choice
of a 3 T MR scanner for SCI is controversial, as more detailed
visualization of the lesion may be attenuated by the presence
of the aforementioned “imaging barriers” [47].

Fll%9 3. }l:/[R image of patient V. with spinal venous insufficiency at

Th9-Thil1.

A) T2-WI, sagittal plane; B) T2-WI, axial plane: intramedullary hy-
erintense lesion of predominantly dorsal location at Th9-ThI1

Hight yellow arrow), hypointense dilated perimedullary vessels,

mainly along the posterior surface of the SC at Th8—TK11 ("flow

voids" phenomenon, white arrow).
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Fig. 4. MRI and an%io raphy of ﬂatient S. with spinal venous in-
12.

sufficiency at Th8-ThI0, Th11-

A) T2-SPAIR (SPectral Attenuated Inversion Recovery), sagittal
plane: centromedullary hyperintense lesion at Th8—Th1(¥ (white ar-
rows), sharply hypointense lesion probably caused by hemosiderin
deposition at Th11-Th12 (purple arrow), dilated straight vessel ad-
jacent to the spinal cord conus (red arrow);

B) SMRA, coronal plane: under contrast enhancement along the en-
tire posterior surface of the SC, a dilated convoluted vessel (brown
arrow) is seen, into which the wide radicular vein flows from the left
intervertebral foramen Th10-Th11 (red arrow);

C) selective spinal angiography of the left common lumbar artery
(L4, L5): early arteriovenous discharge from the radiculospinal ar-
tery into the dilated vein of the cauda equina (red arrow) with con-
trasting of the spinal veins in the cranial direction (brown arrow).

Diffusion tensor imaging (DTI) is an additional sequence that
can be performed at 1.5 and 3 T. This method allows non-inva-
sive mapping of molecular diffusion in biological tissues. Similarly
to DWI, DTI uses a b-factor range of 600-800 mm/sec, mainly
because of the cranial-caudal direction of water molecule dif-
fusion in the SC [21, 29, 48].

The relatively small transverse dimensions and elongated
shape of the SC is a major diagnostic challenge for DTI in SCI
imaging. The limited volume of fiber tracts naturally leads to
the need for high spatial resolution [47].

The above-mentioned studies demonstrated the increasingly
important diagnostic role of DTI owing to its ability to assess
the white matter microstructural integrity via measurements
of quantitative diffusion indices, such as cross-sectional area
as an indicator of SC atrophy, fractional anisotropy to assess
axonal integrity, magnetization transfer coefficient as an in-
dicator of demyelination, and mean diffusion in the ischemic
lesion and perifocal areas [49]. At 3T or higher field strengths,
T2-weighted imaging of the SC provides high resolution and
strong contrast between gray matter and white matter, allow-
ing segmentation between these structures and calculation of
their cross-sectional area (Figure 5) [50].

For the axial imaging of SC several authors suggested sup-
plementing the MRI protocol with T2*-gradient recalled echo,

Fig. 5. 3D DTI color-coded tractography map of patient V. with
spinal venous insufficiency at Th9-Thl1.

Conducting fibers at Th9-Th11 are highlighted in blue, demonstrat-
ing abnormal spatial orientation of the fibers in the ischemic lesion
(blue arrow), fractional anisotropy 0.46 + 0.18, apparent diffusion
coefficient 0.79 + 0.15 x 10° mm?/sec.

which has a high sensitivity to paramagnetic blood products
(hemosiderin) [19].

Conclusion

Despite the lack of uniform diagnostic protocols, MRI is the
method of choice for the diagnosis and differential diagnosis
of vascular and other myelopathies. Diagnostic efficacy of
MRI directly depends on spatial resolution and signal/noise
ratio of the scanner.

Patterns described do not sufficiently increase the specificity
of the radiological picture of the acute period of SC infarc-
tion, so the MR examination protocol should be elaborated.
DWI is an additional sequence that allows establishing the
ischemic nature of myelopathy. Average time to normaliza-
tion of DWI signal is 2 to 3 weeks, which is essentially a
“diagnostic window” for confirming/excluding the diagnosis
and starting treatment.

If included in a comprehensive diagnostic protocol, dynamic
angiographic methods, such as CMRA, allow visualization of
thrombosis of the aorta and its large branches or SDAVF and
other spinal arteriovenous fistulas, contributing to their early
surgical correction.

Thus, the optimal technical protocol for MRI for 1.5 and 3 T
scanners in patients with suspected arterial vascular myelop-
athy is the following [19, 21, 44]:

* Sagittal spin-echo T2-WIJ;

¢ Axial spin-echo T2-WI;

* Sagittal spin-echo T2 STIR;

¢ Sagittal and axial DWI (b = 600-800);

 Axial T2*-gradient recalled echo;
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* Pre-contrast sagittal spin-echo T1-W]J;
¢ 3D dynamic three-phase contrast CMRA;
* Post-contrast sagittal spin-echo T1-WL

Slice thickness is 3 mm.

Differential diagnostic aspects of identifying vascular lesions
necessitate comparison of sagittal and axial images of the SC.
The advantage of the sagittal plane is greater coverage with
shorter acquisition times. The axial plane allows visualizing
the specific location of the lesion across the diameter of the
SC and the symmetry of MR signal change in the case of
ischemia in the territory of the ASA.

We should highlight the issue of introducing mandatory
neuroimaging monitoring including diffusion and angiody-
namic MR scanning modes, in particular, during surgery on
the aorta. This approach seems to be extremely important,
since it will allow timely preventive measures to be taken
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