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Abstract

Intramedullary tumours (IMTs) are the least common neoplasms of the spinal canal. The majority of them are ependy-
momas and astrocytomas, the third commonest is haemangioblastoma, while other tumours of the spinal cord are
relatively rare. This review presents on update on the imaging of spinal cord tumours. Magnetic resonance imag-
ing (MRI) is the imaging method of choice in diagnosing IMTs, with other modalities playing a supplementary role.
The authors discuss the MRI protocol in IMTs including advanced techniques and present the imaging features
of particular tumours. The differentiation of IMTs from other spinal cord diseases is also presented.
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Introduction

Intramedullary tumours (IMTs) of the spinal canal are rela-
tively uncommon neoplasms, which constitute only about
2-5% of all spinal canal tumours [1].

The vast majority of IMTs consist of two neoplasms:
ependymoma (the most common IMT in adults) and
astrocytoma (the most common IMT in children). Epen-
dymomas and astrocytomas comprise about 80% of all
IMTs [1,2]. The third commonest IMT is haemangioblas-
toma. The other types of neoplasms in the spinal cord are
relatively rare.

In the past, IMTs were considered inoperable due to the
risk of severe damage of the spinal cord during a surgical
procedure. Nowadays, due to the progress in neurosurgical
techniques (including neuro-navigation and intra-operative
neurophysiological monitoring of spinal cord tracts) IMTs
are commonly operated on. Therefore an accurate diagnosis
has become very important.

Imaging is the crucial diagnostic method in IMTs.
The imaging method of choice is magnetic resonance
imaging (MRI), while other imaging modalities such
as computed tomography (CT), vascular studies (Dop-

pler sonography, CT angiography, MR angiography, intra-
arterial angiography), and positron emission tomography
(PET/CT, PET/MR) are supplementary methods. CT mye-
lography used to be performed in patients with contraindi-
cations to MR, which are nowadays very limited [3].

Magnetic resonance imaging in intramedullary
tumours — technical considerations

MRI of the spinal cord is generally challenging due to
the small size of the spinal cord and many artefacts, e.g.
from the cerebro-spinal fluid, aorta and other vessels flow,
as well from breathing or swallowing, chemical shift arte-
facts or truncation artefacts.

The basic MRI protocol in IMTs includes:

« spin-echo (turbo spin-echo, fast spin-echo) T1-weighted
and T2-weighted sagittal images;

o spin echo T2-weighted axial images;

 spin-echo (turbo spin-echo, fast spin-echo) T'1-weight-
ed fat suppression contrast enhanced, sagittal, axial and
coronal images.
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It has to be stressed that contrast enhanced images in
all three main planes are mandatory in patients with IMTs
(4,5].

This basic protocol might be expanded by fat suppres-
sion T2-weighted sagittal images and spin-echo (turbo spin-
echo, fast spin-echo) T1-weighted non-enhanced axial and/
coronal images.

Supplementary MRI sequences include susceptibi-
lity weighted imaging (SWI) to detect haemorrhagic foci
(e.g. in ependymomas) and MR angiography to differenti-
ate IMT from vascular malformations.

Advanced MRI sequences are not used commonly in
IMTs, because of the technical difficulties and consump-
tion of time. Among them the most promising is use of
diffusion tensor imaging (DTT), which could help in dif-
ferentiation between expansile and infiltrating IMTs [6,7].
Other advanced techniques, such as diffusion weighted
imaging (DWI), MR perfusion (PWI), MR spectroscopy
(MRS) and functional MRI (fMRI), have provided inte-
resting research data regarding IMTs, but due to technical
problems are rarely used in clinical practice [5,8].

Imaging of particular IMTs

It has to be emphasized that the first important step in as-
sessing IMTs is to differentiate intramedullary location of
the spinal canal tumour from the intradural extramedul-
lary and extradural compartments [1,4]. This allows dif-
ferentiation from typical extramedullary tumours, such as
meningioma or neurofibroma. Establishing the location
of the tumour in one of the three compartments is usu-
ally easy, provided that all three basic planes have been
acquired. After confirming the intramedullary location
of the tumour, the next step is an attempt to diagnose its
histopathological type, which is possible on the basis of
imaging features, as discussed below.

Ependymoma

Ependymomas are the most common IMTs in adults [1];
they are rare in children.

The typical MRI features of ependymomas are (Fig-
ures 1-4) [1,9,10]:

« central location in the spinal cord (opposite to astro-
cytomas), most commonly (about 50%) in the cervical
segment of the spinal cord;

« well-defined borders (opposite to astrocytomas), may
enlarge spinal cord’s contour;

+ low to intermediate signal in T1-weighted images, in-
termediate to high signal in T2-weighted images;

o may contain cystic components (widening of the spinal
cord central canal);

o may contain haemorrhagic components (peripheral
rim of hemosiderin), which are considered a patho-
gnomonic finding, but are present in a minority of cases;

« high contrast enhancement (about 90% of patients).
Ependymoma may be associated with neurofibromato-

sis type 2 (NF2); in these cases it is often accompanied by

multiple spinal schwannomasas as well as spinal menin-
giomas as well as spinal meningiomas (Figure 5). Patients
with IMTs who have intraspinal schwannomas and present
typical clinical signs of intracranial NF2 such as hearing
loss, tinnitus or balance problems, should undergo brain

MRI to look for bilateral vestibular schwannomas and

other intracranial features of NF2 [11].

A specific type of ependymoma is myxopapillary
ependymoma, which originates from ependyma in the
filum terminale and therefore is located in the conus me-
dullaris or cauda equina of the spinal cord. Myxopapil-
lary ependymomas usually demonstrate intense contrast
enhancement and may be heterogeneous due to haemor-
rhage and cyst formation (Figure 6) [12].

il

Figure 1. Ependymoma. Male, 45 years. MR sagittal T2-weighted (A), fat suppression sagittal (B), coronal (C) and axial (D) images. Note the typical

peripheral rim of hemosiderin (arrows)
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Figure 2. Ependymoma. Female, 45 years with progressive paraparesis. MR sagittal T2-weighted (A), T1-weighted post-gadolinium sagittal (B), coronal (C)
and axial (D) images. Note the central location of the tumour in the spinal cord (arrows)

Figure 3. Ependymoma, WHO, grade 2. Female, 41 years. MR sagittal T2-weighted (A), T1-weighted (B) and T1- weighted post-gadolinium (C) images.
Note the syringomyelic cavity above the tumour (arrows)

Figure 4. Anaplastic ependymoma, WHO, grade 3. MR sagittal T2-weighted (A), and T1-weighted (B) images. Tumour is located in the conus medullaris
(arrows). C) Intraoperative photo of the tumour (courtesy of Mr. Marcel Ivanov, MD, Consultant Spinal Neurosurgeon, Sheffield Teaching Hospitals NHS
Foundation Trust, Sheffield, UK)
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Figure 5. Neurofibromatosis type 2. MR sagittal T2-weighted (A, B), and T1-weighted post-gadolinium (C, D) images. Intramedullary tumour (ependymoma)
in the cervical spinal cord (arrows). Multiple schwannomas/meningiomas in the intradural extramedullary space (arrowheads)

Figure 6. Myxopapillary ependymoma. MR sagittal T2-weighted (A, B), T1-weighted (C) and T1-weighted post-gadolinium (D) images. Tumour located

in the conus medullaris/filum terminale region (arrows)

Astrocytoma

Astrocytoma is the second overall most common
IMT (about 30% [4]), but the most common in children
(40-60%) [4,13]. The majority of astrocytomas are low
grade tumours. The most common histopathological types
are pilocytic astrocytoma and diffuse astrocytoma [13].

The typical MRI features of astrocytomas are (Fig-
ures 7-10) [1,9,10]:

o ill-defined, expanding lesion, typically located eccen-
trically in the spinal cord;

o low to intermediate signal on T1-weighted images;
intermediate to high signal on T2-weighted images;

o involves several segments of the spinal cord (in ex-
treme cases the whole spinal cord - so-called whole
cord glioma);

o most commonly located in the cervical or cervicotho-
racic region of the spinal cord;

« may be surrounded by oedema;

» in about 50% of cases may contain cysts (syringo/
hydromyelia);

» no haemorrhage (opposite to ependymomas);

o irregular enhancement after gadolinium injection.
Astrocytoma may be associated with neurofibromato-

sis type 1 (NF1) [11]. Therefore patients with IMTs who

present typical clinical signs of NF1, such as cutaneous

neurofibromas, café-au-lait spots, axillary freckling or

Lisch nodules, should undergo brain MRI to look for op-

tic gliomas and other brain features of NF1.
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Figure 7. Astrocytoma. Male, 6 years with progressive paraparesis. MR sagittal T2-weighted (A), T1-weighted (B), post-gadolinium T1-weighted sagittal (C)
and coronal (D) images. Note the eccentric location of the tumour, marked widening of the spinal cord, irregular contrast enhancement as well as multiple
intratumoural cysts (arrow on A)

Figure 8. Pilocytic astrocytoma, WHO, grade 1 in the thoracic spinal cord. MR axial T2-weighted (A), axial T1-weighted post-gadolinium (B), sagittal
T1-weighted (C), sagittal T1-weighted post-gadolinium (D) images (arrows). (E) Intraoperative photo of the tumour (courtesy of Mr. Marcel lvanov, MD,
Consultant Spinal Neurosurgeon, Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield, UK)

Figure 9. Astrocytoma in upper cervical spinal cord. Male, 20 years. MR sagittal T2-weighted (A, B), coronal T2-weighted (C) and post-gadolinium T1-weighted
sagittal (D) images. Note the eccentrical location of the tumour, widening of the spinal cord and small intratumoural cysts (arrows)
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Figure 10. Astrocytoma in thoracic spinal cord. MR sagittal T2-weighted (A), coronal (B) and sagittal (C) diffusion tensor tractography (DTT) images. Note
the smooth margins of the tumour in DTT images (arrows), which suggest its expansion without infiltration of the adjacent spinal cord tissue

Haemangioblastoma

Haemangioblastoma is the third most common IMT
in adults.
The typical MRI features of haemangioblastomas are

(Figure 11) [14]:

« superficial location in the spinal cord (can also be seen
in the extramedullary space, but the majority of them
are intramedullary);

o high vascularization, with many hypointense flow void
foci, compatible with vessels;

« otherwise intermediate signal on T1-weighted images;
intermediate to high signal on T2-weighted images;

Figure 11. Haemangioblastoma. MR sagittal T2-weighted (A), T1-weighted (B)

 marginal nodules which demonstrate strong enhance-
ment.

Multiple haemangioblastomas are commonly seen in
von Hippel-Lindau (VHL) syndrome, a genetic autoso-
mally dominant disease, predisposing to multiple central
nervous system tumours. The typical locations of tumours
in vHL are the cerebellum and spinal cord. Detection of
multiple cystic tumours with enhancing marginal nod-
ules are almost pathognomonic to vHL [15]. In cases of
solitary tumours with atypical appearance, MR angiogra-
phy, CT angiography or conventional spinal angiography
should be considered to differentiate haemangioblastoma
from vascular malformation.

_:‘_I ." i E

and T1-weighted post-gadolinium (C), axial T2-weighted (D) and T1-weight-

ed post-gadolinium (E) images. Note large cystic component (arrows) and small enhancing marginal nodule (arrowhead)
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Other, less common intramedullary tumours

Paraganglioma is typically located in the lumbar seg-
ment of the spinal canal: in the conus medullaris of the
spinal cord or in the cauda equina. The common features
of spinal paragangliomas are, like in other locations of this
tumour, multiple flow voids, compatible with abnormal
vessels, which could be seen both in the tumour itself and
its vicinity (Figure 12) [16].

Figure 12. Paraganglioma of filum terminale. MR sagittal T2-weighted
images (A, B). There are multiple linear signal void foci compatible with
abnormal vessels both within and above the tumour (arrowheads)

Figure 13. Dermoid cyst of conus medullaris. MR sagittal T2-weighted (A)
and T1-weighted (non-enhanced) (B) images. Note high signal focus on
T1-weighted image, compatible with fatty component (arrow on B)

Imaging of intramedullary tumours of the spinal cord

Dermoid cyst is a non-neoplastic tumour, which is
more common in the intracranial space. In the spinal canal
it is often located, like paraganglioma, in the conus medul-
laris or cauda equina. Dermoid cysts typically include
a fatty component, and therefore they may be entirely or
partially hyperintense on T1-weighted images and hypoin-
tense in fat saturation images (Figure 13) [17].

Intramedullary lipomas not associated with spinal
dysraphism constitute about 1% of IMTs and present on
MRI as lesions with a homogeneous signal with a typical
fat pattern, including a chemical shift artefact [18].

Epidermoid cysts of the spinal canal comprise 0.5-1%
of all spinal tumours. They demonstrate a cerebrospinal
fluid signal on T'1 and T2-weighted images, but DWI and
ADC reveal restriction of the diffusion, which is helpful
in differentiation from arachnoid cysts [19].

Other spinal cord tumours are extremely uncommon
and include ganglioglioma, mixed glioma, glioblastoma
multiforme, germinoma, lymphoma and metastases [1].
The latter may originate from lung cancer, breast cancer,
melanoma and lymphoma [20].

Differentiation of intramedullary tumours

Demyelinating diseases of the spinal cord such as mul-
tiple sclerosis or neuromyelitis optica spectrum disor-
der (NMOSD) could sometimes mimic IMTs. However,
demyelinating foci are usually multiple, do not produce
a mass effect and do not enhance (except for early lesions,
which may demonstrate ring enhancement) (Figure 14).
In doubtful cases brain and orbital MRI as well as clini-
cal, electrophysiological and CSF findings should provide
a proper diagnosis [21].

Figure 14. Differentiation: multiple sclerosis. MR sagittal (A) and coronal (B)
T2-weighted images. Multiple hyperintense foci in the spinal cord (arrows)
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Syringomyelia should always be taken into account
in differentiation of IMTs, because syringomyelic cavities
accompany many tumours of the spinal cord (e.g. epen-
dymoma, astrocytoma). In fact, CSF-filled cavities associ-
ated with IMTs are caused by widening of the spinal cord’s
central canal above and/or below the tumour due to its
occlusion by IMT. Therefore it could be actually called
hydromyelia, but the terms syringomyelia and syringo-
hydromyelia are also correct [22].

Syringomyelia can be associated with many entities
apart from IMTs, e.g. with Chiari 1 malformation, spi-
nal dysraphism, previous trauma or infection; also, some
cases of spinal cord syringomyelia are idiopathic [17].
The most important differentiating feature is enhance-
ment of the majority of IMTs, while in other causes of
syringomyelia the enhancement is not present. Therefore

if IMT is suspected, post-contrast MRI is mandatory (Fig-
ure 15) [10].

Inflammatory diseases of the spinal cord such as trans-
verse myelitis can also mimic IMT, because they com-
monly demonstrate diffuse hyperintensity on T2-weighted
images and enlargement of the spinal cord, as well as con-
trast enhancement in some cases. The most helpful fea-
tures in differentiation are the clinical course (more rapid
in inflammatory diseases) and laboratory findings [17,23].

On the other hand, spinal cord infarction is usually
easily differentiated from IMT on the basis of clinical fea-
tures (rapid severe paraplegia) and MRI pattern with long
segment hyperintensity located typically in the anterior
part of the spinal cord [24].

Vascular malformations of the spinal canal should also
be considered in the differentiation of IMTs. The most

Figure 15. Differentiation: syringomyelia. MR sagittal T2-weighted (A), T1-weighted (B) and T1-weighted post-gadolinium sagittal (C) and axial (D) images.

Note syringomyelic cavity without contrast enhancement (arrows on Cand D)

Figure 16. Differentiation: spinal dural arterio-venous fistula (SDAVF). MR axial (A) and sagittal (B) T2-weighted images. Diffuse enlargement and hyper-
intensity of the spinal cord with multiple tiny linear signal void foci on the posterior surface of the spinal cord (arrows), compatible with abnormal vessels.

(C) Spinal angiography confirms diagnosis of SDAVF
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common spinal vascular malformation is spinal dural
arteriovenous fistula (SDAVF). SDAVF usually involves
a long segment of the spinal cord. It leads to reduced per-
fusion and ischaemia of the spinal cord due to venous
hypertension. This in turn causes progressive spastic
paraparesis as well as thickening and an increased MRI
T2 signal of the spinal cord, which could mimic IMT.
The most important differentiating MRI finding of SDAVF
is the presence of multiple flow voids which are consistent
with abnormal vessels. They are typically located on the
posterior surface of the spinal cord. Therefore in each case
of diffuse hyperintensity and thickening of the spinal cord,
this area should be carefully checked. In doubtful cases
the imaging could be supplemented by MRA, CTA or spi-
nal angiography (Figure 16) [25].

The less common types of spinal vascular malforma-
tions are arteriovenous malformation (AVM) and caver-
noma. AVMs are characterized by multiple abnormal
tortuous vessels presenting on MRI as flow voids, which
commonly are located both in the spinal cord and in the
extramedullary compartment of the spinal canal. The dia-
gnosis is usually obvious, but some AVMs could mimic
haemangioblastoma; thus again, magnetic resonance an-
giography (MRA), CTA or spinal angiography should be
considered to establish the final diagnosis [26].

Imaging of intramedullary tumours of the spinal cord

Cavernomas of the spinal cord are much less common
than in the brain. On MRI cavernomas present as small
foci of the abnormal signal of the blood products caused
by previous haemorrhages, e.g. hyperintense T1-weighed
foci compatible with methemoglobin and/or hypointense
T2-weighed foci consistent with hemosiderin (salt and
pepper appearance) [27].

Summary

IMTs are relatively rare, with astrocytomas and ependy-
momas constituting the majority of them. The imaging
method of choice is MRI, which enables precise assess-
ment and differentiation of IMTs. Advanced MR tech-
niques, especially diffusion tensor imaging (DTI), might
potentially provide additional diagnostic information and
help in deciding which patients may be suitable for sur-

gery.

Disclosures

. Institutional review board statement: Not applicable.
. Assistance with the article: None.

. Financial support and sponsorship: None.

. Conflicts of interest: None.

W N~

References

1. Das JM, Hoang S, Mesfin FB. Intramedullary spinal cord tumors. In:
StatPearls; Treasure Island, FL: StatPearls Publishing; 2023 .

2. Neal MT, Richards AE, Curley KL, Donev K, Lyons MK, Kalani MA.
Spinal intramedullary hemangioblastoma and schwannoma col-
lision tumor: illustrative case. ] Neurosurg Case Lessons 2021; 1:
CASE2059. DOI: 10.3171/CASE2059.

3. Merhemic Z, Stosic-Opincal T, Thurnher MM. Neuroimaging of
spinal tumors. Magn Reson Imaging Clin N Am 2016; 24: 563-579.

4. Pinter NK, Pfiffner TJ, Mechtler LL. Neuroimaging of spine tumors.
Handb Clin Neurol 2016; 136: 689-706.

5. Shah LM, Salzman KL. Conventional and advanced imaging of spinal
cord tumors. Neuroimaging Clin N Am 2023; 33: 389-406.

6. Setzer M, Murtagh RD, Murtagh FR, Eleraky M, Jain S, Marquardt G,
et al. Diffusion tensor imaging tractography in patients with intramed-
ullary tumors: comparison with intraoperative findings and value for
prediction of tumor resectability. Neurosurg Spine 2010; 13: 371-380.

7. Choudhri AE, Whitehead MT, Klimo P, Jr, Montgomery BK, Boop FA.
Diffusion tensor imaging to guide surgical planning in intramedullary
spinal cord tumors in children. Neuroradiology 2014; 56: 169-174.

8. Vargas MI, Delattre BMA, Boto J, Gariani ], Dhouib A, Fitsiori A,
et al. Advanced magnetic resonance imaging (MRI) techniques of the
spine and spinal cord in children and adults. Insights Imaging 2018;
9: 549-557.

9. Arima H, Hasegawa T, Togawa D, Yamato Y, Kobayashi S, Yasuda T,
et al. Feasibility of a novel diagnostic chart of intramedullary spinal
cord tumors in magnetic resonance imaging. Spinal Cord 2014; 52:
769-773.

© Pol J Radiol 2024; 89: e531-e540

10. Sultana N, Jabeen S, Rima S, Nag UK, Sarkar SK. Magnetic reso-
nance imaging evaluation of common spinal intramedullary tu-
mours: ependymoma and astrocytoma. Mymensingh Med ] 2023;
32:749-756.

11. Wang MX, Dillman JR, Guccione ], Habiba A, Maher M, Kamel S,

—

et al. Neurofibromatosis from head to toe: what the radiologist needs
to know. Radiographics 2022; 42: 1123-1144.

12. Omerhodzi¢ I, Pojski¢ M, Rotim K, Splavski B, Rasuli¢ L, Arnau-
tovic KI. Myxopapillary ependymoma of the spinal cord in adults:
a report of personal series and review of literature. Acta Clin Croat
2020; 59: 329-337.

13. Hersh AM, Jallo GI, Shimony N. Surgical approaches to intramed-
ullary spinal cord astrocytomas in the age of genomics. Front Oncol
2022; 12: 982089. DOI: 10.3389/fonc.2022.982089.

14. Vetrano IG, Gioppo A, Farago G, Pinzi V, Pollo B, Broggi M, et al.
Hemangioblastomas and other vascular origating tumors of brain or
spinal cord. Adv Exp Med Biol 2023; 1405: 377-403.

15. Ganeshan D, Menias CO, Pickhardt PJ, Sandrasegaran K, Lubner MG,
Ramalingam P, et al. Tumors in von Hippel-Lindau syndrome: from
head to toe-comprehensive state-of-the-art review. Radiographics
2018; 38: 849-866.

16. Koeller KK, Rosenblum RS, Morrison AL. Neoplasms of the spinal
cord and filum terminale: radiologic-pathologic correlation. Radio-
graphics 2000; 20: 1721-1749.

17. Baruah D, Chandra T, Bajaj M, Sonowal P, Klein A, Maheshwari M,
et al. A simplified algorithm for diagnosis of spinal cord lesions. Curr
Probl Diagn Radiol 2015; 44: 256-266.

€539



Marek Sasiadek, Charles Romanowski, Jagoda Jackéw-Nowicka

18.

19.

20.

2

—_

22.

Patwardhan V, Patanakar T, Armao D, Mukherji SK. MR imaging
findings of intramedullary lipomas. AJR Am ] Roentgenol 2000; 174:
1792-1793.

Sirbu OM, Chirtes AV, Mitrica M, Sirbu CA. Spinal intramedullary
epidermoid cyst: case report and updated literature review. World
Neurosurg 2020; 139: 39-50.

Fonkem E, Tadipatri R, Newton HB. Overview of spinal cord tumour
epidemiology. In: Handbook of Neuro-Oncology Neuroimaging
(Third Edition). 2022, pp. 39-43. DOI: 10.1016/B978-0-12-822835-
7.00028-7.

. Barkhof F, Koeller KK. Demyelinating diseases of the CNS (brain

and spine). In: Hodler J, Kubik-Huch RA, von Schulthess GK (eds.).
Diseases of the Brain, Head and Neck, Spine 2020-2023: Diagnostic
Imaging [Internet]. Springer; 2020.

Leclerc A, Matveeff L, Emery E. Syringomyelia and hydromyelia:
current understanding and neurosurgical management. Rev Neurol
(Paris) 2021; 177: 498-507.

e540

23.

24.

25.

26.

27.

Kandemirli SG, Reddy A, Hitchon P, Saini J, Bathla G. Intramedul-
lary tumours and tumour mimics. Clin Radiol 2020; 75: 876.e17-876.€32.
DOI: 10.1016/j.crad.2020.05.010.

Yadav N, Pendharkar H, Kulkarni GB. Spinal cord infarction: clinical
and radiological features. ] Stroke Cerebrovasc Dis 2018; 27: 2810-
2821.

Ouyang F, Wu Q, Duan B, Yuan X, Wang B, ChenY, et al. Diag-
nosis of spinal dural arteriovenous fistula: a multimodal MRI as-
sessment strategy. Clin Radiol 2023; 78: €958-e965. doi: 10.1016/
j.crad.2023.08.027.

Udelhoven A, Kettner M, Reith W. Spinal arteriovenous malforma-
tions. Radiologie (Heidelb) 2022; 62: 666-670 [Article in German].
Panda A, Diehn FE, Kim DK, Bydon M, Goyal A, Benson JC, et al.
Spinal cord cavernous malformations: MRI commonly shows adjacent

intramedullary hemorrhage. ] Neuroimaging 2020; 30: 690-696.

© Pol J Radiol 2024; 89: e531-e540



