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Spinal cavernous malformations: magnetic resonance
imaging and associated findings
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INTRODUCTION We reviewed the clinical features, brain and spinal cord magnetic resonance (MR) imaging findings
and associated abnormalities in six patients with spinal cavernous malformations (CMs).
METHODS Lesions were defined on gradient-recalled echo (GRE) images but measured on T2-weighted images

performed on 1.5- and 3-tesla clinical scanners.

RESULTS Four patients had associated multiple cranial CMs and one patient had multiple spinal CMs. All spinal CMs
were predominantly hypointense on GRE images, and most were predominantly hyperintense and surrounded by
hypointense edge on T2-weighted images. Other associations included asymptomatic vertebral body and splenic

haemangiomas.

CONCLUSION We conclude that intramedullary spinal CMs typically have ‘mulberry’ or ‘popcorn’ appearances similar
to those of cranial CM. The presence of associated haemangioma or familial cranial CM syndrome on MR imaging may
suggest the correct diagnosis without requiring invasive investigations.
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INTRODUCTION

Cavernous malformations (CMs) of the central nervous
system are angiographically occult vascular malformations
defined by abnormal, enlarged vascular channels, but without
interposing neural or glial tissue."” They may be found either in
the brain or spinal cord, and there is a strong association between
multiple cranial CMs and familial transmission, with several
genetic mutations being described.“® Although intramedullary
CMs are uncommon lesions and comprise about 5% of all spinal
cord lesions, they may be associated with spinal haemorrhage,
mass effect, myelopathy and significant morbidity.®"

With the advent of magnetic resonance (MR) imaging,
the prevalence of spinal CM has been estimated to be higher
than previously thought.”® Although the characteristic MR
imaging features of cranial CM are well-established,*' the
typical findings in spinal CM have not been well-described in the
literature, with descriptions limited only to case reports and small
series.”1%12 The association of spinal CM with cranial CM as
well as the differential diagnosis of intramedullary haemorrhagic
lesions would also be of interest to radiologists. In this study,
we retrospectively reviewed the clinical features, MR imaging
findings and associated abnormalities of patients with spinal
CM.

METHODS

This retrospective study was approved by the institutional
review board as part of ongoing studies in the Neuroradiology
digital imaging database. Patients with a final diagnosis

of spinal CM and who underwent spinal MR and follow-up
imaging were included in the study, and all their neuroimaging
and case records were reviewed. Patients with intramedullary
spinal lesions, whose final diagnosis was uncertain or who
had no follow-up imaging, were excluded. The MR imaging
data was acquired on a 1.5-tesla imaging unit (Signa HDX; GE
Medical Systems, Milwaukee, WI, USA) or 3-tesla (Achieva;
Philips Medical Systems, Best, The Netherlands) clinical
scanners. For the imaging studies of the spine, we used the
following sequences: T1-weighted (spin echo pulse sequence;
TE minimum full; TR 400 msec; matrix size 320 x 192; FOV
22 cm x 22 cm; 3.0-mm slice thickness with a 0.5-mm gap;
before and after contrast injection), T2-weighted (fast-recovery
fast-spin echo accelerated pulse sequence; TE 105 msec; TR
3000 msec; matrix size 384 x 256; FOV 22 cm x 22 cm;
3.0-mm slice thickness with a 0.5-mm gap) and gradient-
recalled echo (fast gradient-recalled echo [GRE] pulse
sequence; TE minimum full; TR 400 msec; matrix size 256 x
192; FOV 20 cm x 20 cm; 4-mm slice thickness with no gap).
All computed tomography and MR imaging studies of the
brain were performed using standard protocols. All images
were analysed by consensus reading by two radiologists (TCCL
and AH) who were not blinded to the clinical information.
All brain and spine lesions were counted if they were visible
on GRE images."? The maximum diameter of the lesion was
measured on either sagittal or axial planes on T2-weighted
images.
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Table I. Patient demographic data, spinal MR imaging findings, associated abnormalities and clinical outcomes in patients with

spinal CM.
Case/ Clinical presentation MR imaging appearance Follow-up;
age (yr)/ Level; T2-W images T1-Wimages GRE images Other MR outcome
gender maximum findings
diameter;
location
1/57/M  Seizures; multiple CMs C1/2,9 mm; Hyperintense, Isointense Hypointense Multiple cranial 4 years; became
diagnosed on brain MRI; Rt hemicord  hypointense rim CMs in pons, progressively
multiple episodes of cerebrum immobile and
brain haemorrhage. 4 C2; 2 mm; Hypointense Isointense Hypointense L2 vertebral wheelchair-
years after diagnosis, Lt peripheral body bound, and died
left-sided weakness and haemangioma after choking
hyper-reflexia; multiple C5/6; 8 mm;  Hyperintense, Isointense Hypointense on food
spinal CMs diagnosed Lt hemicord  hypointense edge
on spinal MRI
T1; 4 mm; Hyperintense Isointense Hypointense
Lt peripheral
T3; 6 mm; Hyperintense, Isointense Hypointense with

Lt hemicord  hypointense edge

2/2/F Cystic hygroma at birth; C2; 7 mm; Hyperintense,
seizures; multiple CMs Rt hemicord  hypointense rim
diagnosed on brain
MRI; incidental spinal
CM diagnosed on MRI

3/67/F  Neck pain, bilateral C7/T1; Hyperintense,
lower limb weakness 30 mm; hypointense rim
and imbalance; spinal holocord
MRI showed spinal CM
and brain CM; brain MRI
confirmed multiple CMs

4/46/M  Right upper limb C4/5; 9 mm; Hyperintense,
weakness and Rt peripheral hypointense rim
numbness; spinal MRI
showed spinal CM and
brain CM; brain MRI
confirmed multiple CMs

5/37/M  Sudden onset left hand C7; 8 mm; Hyperintense,
numbness; spinal CM Lt hemicord  hypointense
diagnosed on spinal rim, with
MRI and negative spinal intramedullary
angiography; brain haemorrhage
MRI was normal and oedema

6/24/F  Sudden onset right C2; 8 mm; Hyperintense,
upper limb weakness Rt hemicord  hypointense
and numbness; spinal rim, with
CM diagnosed on intramedullary
spinal MRI and negative haemorrhage
spinal angiography; and oedema

brain MRI was normal

Hyperintense

Iso,
hypointense

Hyperintense,
hypointense
edge

Iso, hypo,
hyperintense

Iso, hypo,
hyperintense

hyperintense
centre

Hypointense with
hyperintense
centre

Hypointense with
hyperintense
centre

Hypointense with
hyperintense
centre

Hypointense

Hypointense with
hyperintense
centre

Multiple cranial
CMs in pons,
cerebrum
Splenic
haemangioma

Multiple

cranial CMs in
cerebrum, pons
C6 vertebral
body
haemangioma

Multiple
cranial CMs in
cerebrum, pons

None

None

9 years; became
progressively
immobile and
required assisted
ventilation,
tracheostomy

1 year; symptoms
improved and
ADL independent

8 years;
exacerbations
of right upper
limb pain and
numbness,
and seizures

1 year;
haematoma
resolved,
symptoms
improved and
ADL independent

5 years;
haematoma
resolved,
symptoms
improved and
ADL independent

M: male, F: female, CM: cavernous malformation, GRE: gradient-recalled echo, ADL: activities of daily living; Rt: right; Lt: left

RESULTS

Table | summarises the MR imaging findings, the associated
abnormalities and clinical outcomes in the patients with
spinal CM. Six patients (3 male and 3 female; 5 Chinese and 1
Indian) were included in the database. One patient was a two-
year-old girl, while the others were adults aged 24-67 years at
presentation. Two patients (Cases 1 & 2) had a known diagnosis
of multiple cranial CMs detected on MR imaging, which was

presumed to be caused by familial CM syndrome (but without
genetic testing) (Fig. 1a). Both patients suffered from seizures
and developed progressive neurological symptoms, including
weakness and hyper-reflexia. Spinal CM was subsequently
diagnosed on spinal MR imaging (Figs. 1b & c). The other four
patients (Cases 3-6) developed limb weakness or numbness
without a prior diagnosis of cranial CM (Case 3 had a history of
seizures without neuroimaging). Case 1 had four discrete spinal
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Fig. 1 Case 1: A 57-year-old man with cranial and spinal cavernous
malformations (CMs). (a) Initial T2-W MR image of the brain shows
multiple cranial CMs (arrows) with heterogeneously hyperintense
centres and hypointense rims. Four years later, spinal MR images
show multiple intramedullary spinal CMs (white arrowheads) in the
cervical cord on (b) sagittal T2-W and (c) sagittal GRE images. Note
the large cranial CM in the pons (arrows in b, c).

CMs (Figs. 1b & ¢), yielding a total of ten spinal lesions in six
patients. Of these, seven were found in the cervical spinal cord,
two in the thoracic cord and one at the cervicothoracic junction.
The largest lesion measured 30 mm in maximum superior-inferior
diameter and occupied almost the entire spinal cord, while the
smaller lesions were located at the periphery of the intramedullary
region or occupied less than half the cross-sectional area of the
spinal cord.

On T2-weighted images, most spinal CMs were
heterogeneous in signal intensity, with predominant hyper-
intensity surrounded by a hypointense rim or edge (Fig. 2) in
eight lesions, corresponding to the typical lobulated ‘mulberry-
like” appearance of cranial CM."*" The hypointense edge was
not detected in the two smallest lesions in Case 1, which were
uniformly hypointense or hyperintense. The appearances were
less consistent and heterogeneous on T1-weighted images.
These included isointensity (in all CMs in Case 1), hyperintense,
hyperintense with hypointense edge and heterogeneous intensity.
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Fig. 2 Case 4: A 46-year-old man with spinal and cranial
cavernous malformations (CMs). Sagittal (a) T1-W and (b) T2-W
spinal MR images show a focal area of hyperintensity with
hypointense rim at the C4/5 interspace (white arrowheads). A large
cranial CM with similar signal intensity can be seen in the occipital
lobe (arrows). (c) GRE MR image of the brain confirms the presence
of multiple cranial CMs in the occipital and temporal lobes (arrows)
and elsewhere.

All the lesions were predominantly hypointense on GRE, with
some of the larger lesions showing a hyperintense centre. After
contrast media injection, no significant enhancement was
detected in the spinal CM. In addition to spinal CM at C7
spinal level, Case 5 presented with extensive intramedullary
haemorrhage and oedema extending from C3 to T4 (Fig. 3a).
Case 6 also had intramedullary haemorrhage and oedema from
C1 to C7 around the spinal CM at C2.

Four of the six patients had associated multiple cranial CMs.
Cases 1 and 2 had a presumptive diagnosis of familial cranial
CM with large lesions in the pons and cerebrum; spinal CM was
only diagnosed later. Cases 3 and 4 initially presented with spinal
symptoms, and cervical spinal imaging not only detected spinal
CM but also incidental MR imaging evidence of asymptomatic
cranial CM in the medulla oblongata and occipital lobe
(Figs. Ta—c, 2a & b). Subsequent dedicated brain MR imaging
studies revealed multiple CMs in the cerebrum and pons (Fig.
20). In addition, associated asymptomatic lesions outside the
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brain and spinal cord were detected, including vertebral body
haemangiomas (Cases 1 & 3) and splenic haemangiomas
(Case 2). Cases 5 and 6 had only spinal CM without cranial CM
on brain MR imaging; spinal angiography performed in both
patients was normal.

All patients were followed up conservatively without surgical
intervention for 1-9 years. Cases 1 and 2, who had large lesions
in the pons, became progressively weaker and immobile; Case
1 died after four years and Case 2 required assisted ventilation.
Case 4 complained of symptomatic exacerbations, while
Cases 3, 5 and 6 recovered their neurological functions and
were independent in activities of daily living at the last follow-up.
Repeat spinal MR imaging in Cases 5 and 6 showed resolution
of intramedullary oedema and haemorrhage, with myelomalacia
and residual blood products around the CM (Fig. 3b).

DISCUSSION
In our series, four (Cases 1-4) out of six patients with spinal CM
had associated multiple cerebral CMs. Multiple CMs affect-
ing the brain are often associated with the familial form of
cavernomatosis, an autosomal-dominant pattern of inheritance
with incomplete penetrance, first described in French and
Hispanic families,"®'® and subsequently reported all around
the world. Linkage studies have revealed genetic heterogeneity
among the dominantly inherited forms, suggesting the existence
of at least three loci on chromosomes 7q11-21, 7p13-15 and
30125.2-27.49

Although none of the patients in our series underwent genetic
testing, they probably had familial CM, as multiple cranial
CMs is a sine qua non of the condition, affecting 50%-85% of
patients. Cases 1 and 2 were known to have multiple, probably
familial cranial CMs, and subsequently developed symptoms that
revealed spinal CM on MR imaging of the spinal cord. On the
other hand, Cases 3 and 4 were not known to have cranial CM and
first presented with spinal symptoms; on spinal MR imaging, the
asymptomatic cranial CMs were detected, leading to the diagnosis
of multiple CMs. Multiple spinal CMs, detected in Case 1 in our
series, are rare, comprising only 2% of spinal cord cavernomas.®”

Two studies of 117 and 17 patients, conducted by Zevgaridis
and Vishteh et al, respectively, detected only one case of multiple
spinal CMs each, and these two patients also had familial CM
syndrome with multiple cranial CMs.?"?2 The MR imaging
features of spinal CMs in our patients were similar to the typical
descriptions of intracranial CMs in the literature.?*'” Seven of
the ten spinal lesions had a well-defined, lobulated appearance,
with a reticulated core of heterogeneously hyperintense signal
associated with a hypointense edge or rim on T2-weighted
images, the ‘mulberry’ or ‘popcorn’ appearance typical of
CM.M417 According to previous histological studies on cranial
CM, extracellular and intracellular methaemoglobin and
thrombosis are probably responsible for the high-intensity signal,
while calcifications, fibrosis, and acute and subacute blood
products are responsible for the low-signal areas within the

Fig. 3 Case 5: A 37-year-old man with spinal cavernous
malformations (CMs). (a) Sagittal T2-W spinal MR image shows
focal hyperintensity with hypointense edge at the C7 vertebral
level (arrowhead) with surrounding spinal cord oedema. (b) Repeat
sagittal T1-W MR image two months later shows myelomalacia
and partial resolution of haemorrhage and oedema.

lesion.”” Two of the smallest lesions in Case 1 did not exhibit
the typical appearance on T2-weighted images, and were
uniformly hypointense or hyperintense. On T1-weighted images,
signal intensities were less consistent, with most lesions being
heterogeneously isointense. GRE, which is very sensitive to even
small amounts of magnetic susceptibility caused by the presence
of iron in blood products, typically detects cranial and spinal
CMs as focal areas of hypointensity, with the larger lesions in
our study showing a heterogeneous, predominantly hyperintense
centre, presumably resulting from thrombosis, fibrosis, calcification
and haemorrhage.® Typical MR imaging features of spinal CM
accompanied by synchronous multiple cranial CMs may be
helpful for diagnosis.

Several studies have noted the co-existence of spinal and
cranial CMs. In a large series of 67 patients with spinal CM, the
prevalence of cranial CM was found to be 42%, with 43% of these
being the sporadic or nonfamilial form of the disease.'” Cases
1-4 had the characteristic multiple cranial and spinal CMs, as
well as other asymptomatic lesions (probably haemangiomas,
but not biopsy proven) in the spleen and vertebral bodies in the
spine, features that support the diagnosis of familial CM.?%2¥ In
such patients, it may be possible to avoid invasive confirmatory
procedures such as spinal angiography and surgical excision.!"?
Conversely, Cases 5 and 6 had spinal CM with intramedullary
haemorrhage, but MR imaging of the brain revealed no
associated cranial CM, and a differential diagnosis of
spinal arteriovenous malformation, haemorrhagic neoplasm
(ependymoma, astrocytoma, haemangioblastoma, metastasis)
haemorrhagic infection or transverse myelitis could not be
excluded on imaging alone. Unless it is surgically resected, spinal
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CM is often a diagnosis of exclusion, after spinal angiography has
ruled out arteriovenous shunts and follow-up imaging has ruled
out aggressive neoplasia. Hence, Cases 3 and 4 illustrate the
importance of a systematic radiological review of the brain
posterior fossa, which is included in cervical spinal MR imaging
study, and subsequently a full brain MR imaging study to detect
cranial CM.

Our study was limited by a small sample size and the lack
of histopathological confirmation of spinal CM. Since most
spinal cavernomas are detected incidentally on MR imaging,
the sampling bias may explain the predominance of cervical
cord spinal CM in our patients, compared to the more common
thoracic location described by other authors.”?' In this study,
none of our patients underwent surgical resection, although
the risk of haemorrhage in spinal CM, estimated at 1.4%—-4.5%
per year, is higher than that of cranial CM.?*?» Hence, some
authors have advocated surgical excision of spinal CM®® and
proposed a prognostic classification of cranial CM based on
their natural history and clinical outcomes.?” In our small
series, there were no patients who suffered repeated spinal CM
haemorrhage on follow-up. However, Cases 1 and 2, who had
extensive cranial CM, especially involving the pons, had poor
outcomes and became progressively incapacitated, suggesting
that clinical outcome may depend on the characteristics of cranial
as well as spinal CMs.% 2

In conclusion, spinal CMs have typical features on MR
imaging, and the ‘mulberry’ or ‘popcorn’ appearance of these
lesions should be recognised. These characteristic imaging
findings, together with imaging detection of similar-appearing
multiple cranial CMs and haemangiomas elsewhere in the body,
may be helpful to suggest a familial syndrome that may obviate
the need for more invasive investigations.
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