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a b s t r a c t 

Foix-Alajouanine syndrome is a rare progressive form of spinal AVM predominantly affect- 

ing the lower thoracic and/or lumbosacral regions. This study aims to describe the imaging 

findings of spinal AVM causing Foix-Alajouanine syndrome and to review the literature. We 

present a 48-year-old man with progressive back pain, leg weakness, and gait imbalance 

without urinary retention. We discuss the clinical and imaging findings and the signifi- 

cance of MRI in establishing the diagnosis. A definitive diagnosis of spinal AVM requires 

radiographic demonstration of the vascular anomaly. Despite the high sensitivity of angiog- 

raphy for the diagnosis of spinal AVM, the result of the study may be inconclusive and/or 

negative. The key MRI findings are the presence of abnormally dilated perimedullary vessels 

with signal voids from a high-velocity flow on T1 and T2 weighted images. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Background 

Spinal arteriovenous malformation (AVM) is characterized by
an abnormal shunt between the artery and vein. Spinal AVM
represent about 25% of spinal vascular malformations which
are broadly classified into 2 groups; intramedullary and ex-
tramedullary [1] . The most common classification system sep-
arates spinal AVM into the following 4 types: spinal dural ar-
Abbreviations: AVF, arteriovenous fistula; AVM, arteriovenous malfor
dendrocyte glycoprotein; MRI, magnetic resonance imaging; NMOSD, n
recovery; T1WI, T1-weighted image; T2WI, T2-weighted image. 
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metameric intramedullary AVM (Type III), and intradural per-
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small AVF and slow ascending perimedullary venous drainage
(Subtype I), multiple feeding arteries with multiple medium
sizes AVFs and relatively slow ascending perimedullary ve-
nous drainage (Subtype II), and multiple feeding arteries with
mation; DSA, digital subtraction angiography; MOG, myelin oligo- 
euromyelitis optica spectrum disorder; STIR, short-T1 inversion 
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Fig. 1 – (A-C). Sagittal T1W with gadolinium (A), T2W (B), and T2W STIR (C) MR images illustrating abnormally dilated 

perimedullary vessels in the posterior epidural space of the entire thecal sac of the dorsal and lumbar regions which shows 
signal voids from high-velocity flow (white solid arrows). Edema and swelling of the mid-dorsal cord down to the conus 
medullaris are also noted (white hollow arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a single giant AVF and extensive ectatic venous drainage (Sub-
type III) [1-3] . 

Enlarged, tortuous, and thick-walled subarachnoid veins
with masslike appearance are usually observed overlying the
surface (primarily on the posterior aspect) of the spinal cord.
Smaller blood vessels with thickened fibrotic walls are also
present within the affected spinal cord segments [4] . These AV
shunts are associated with reflux of arterial blood into the ve-
nous drainage and cause congestion of venous outflow of the
cord, resulting in increased venous pressure in the affected
regions, which often leads to ischemic spinal cord injury [5] . 

Foix-Alajouanine syndrome which was first described by
Foix and Alajouanine in 1926, is a rare cause of myelopathy
caused by dural arteriovenous malformations of the spinal
cord. This syndrome is a progressive form of spinal AVM pre-
dominantly affecting the lower thoracic and/or lumbosacral
regions. Cervical spinal cord involvement is rarely seen. No
specific statistics are available about its frequency and the
condition is likely underdiagnosed. It has a male-to-female
ratio of 4:1 with no racial predilection. Although it is a well-
known clinical entity in the neurosurgic setting, the exact
cause of this syndrome is not well understood. Most patients
have an AVF in the lower thoracic region. There is an etio-
logic hypothesis that the elevated arterial pressure within the
dura is transmitted through the intraductal venous system to
the spinal vascular plexus, compromising blood supply and
leading to spinal cord parenchymal infarction. Arterial blood
originating from the dural fistula enters the venous system,
increases the pressure, and disrupts the normal drainage of
the spinal cord parenchyma. The primary cause of cord infarc-
tion may be venous stasis, not thrombosis, as venous throm-
bosis usually occurs in the late course of the disease [ 4 ,6 ,7 ].
The present case highlights an important point, that when the
clinical and radiological suspicion for a spinal vascular lesion
is high, an initial negative or inconclusive DSA does not rule
out spinal AVM and should not mislead the clinicians. Follow-
up imaging with MRI and/or DSA should be recommended at
appropriate intervals. 
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Fig. 2 – (A-B). Axial T2W (A) MR image showing spinal cord edema at mid-dorsal cord level (white hollow arrow). Axial T2W 

(B) MR image showing extensive spinal cord edema and swelling at conus medullaris (white hollow arrow). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case Presentation 

A 48-year-old man presented to the neurology department of
our hospital with back pain, lower limb weakness, and gait im-
balance for 2 years, which is progressing slowly and recently
worsened. Physical examination revealed paresis and mus-
cular wasting of both legs. The patellar reflex and the plan-
tar cutaneous reflex were bilaterally lowered and indifferent.
He was a smoker but not an alcoholic and has no history of
previous surgery, diabetes, hypertension, or any other chronic
health conditions. The sphincter’s function was normal (no
urinary retention). He was not taking any specific medication
and did all his childhood vaccination on time. His spinal fluid
analysis was unremarkable. Aquaporin-4 antibody and anti-
MOG antibody tests were also negative. A contrast-enhanced
spinal MRI was performed which revealed extensive abnor-
mally dilated perimedullary vessels in the entire thecal sac of
the thoracolumbar region. These abnormally dilated vessels
show signal voids from a high-velocity flow on T1-weighted
image (T1WI), T2-weighted image (T2WI), and short-T1 inver-
sion recovery (STIR) image ( Figs 1 A and c). Most of the ab-
normally dilated vessels are in the posterior epidural space
which slightly indents and/or scallop the spinal cord ante-
riorly. Increased signal intensity and swelling of the spinal
cord due to cytotoxic edema or myelomalacia are also seen
in the mid-dorsal cord down to the conus medullaris on T2WI
( Figs. 1 B and -C, 2 A and B). The patient had a negative MRI
 

cervical spine imaging. No cord atrophy or any obvious in-
tramedullary component was seen. The patient also under-
went spinal angiography via external carotid arteries, verte-
bral arteries, subclavian arteries, and aortogram. No obvious
vascular pathology was observed on the angiographic study,
probably due to multiple origins feeding arteries or very small
vessels that are not adequately filled with contrast. The above-
mentioned clinical, laboratory, and MRI findings are character-
istic of the spinal AVM (type IV) causing Foix-Alajouanine syn-
drome. Although other condition with transverse myelitis in-
cluding neuromyelitis optica spectrum disorder (NMOSD) can
demonstrate similar imaging findings of longitudinally exten-
sive high T2 signal involving the spinal cord, in the present
case, the presence of abnormally dilated perimedullary ves-
sels with flow void in the posterior epidural space of the thora-
columbar region is in favor of vascular malformations. The pa-
tient was managed conservatively and eventually discharged
with a minimal improvement of the clinical symptoms. A 6
months’ later control imaging follow-up was recommended
for the patient. 

Discussion 

Spinal AVM are characterized by an abnormal shunting be-
tween the artery and vein with and/or without a true nidus.
They represent about 25% of spinal vascular malformations
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[1] . The clinical presentation of AVM is variable, ranging from
slowly progressive myelopathy with neurologic deficits (Foix-
Alajouanine syndrome), to a rapidly progressive form with
spinal subarachnoid hemorrhage (coup de poignard of Mi-
chon) [8] . Foix-Alajouanine syndrome is not a distinct entity
but a complication of spinal AVM probably caused by venous
stasis and thrombosis of the abnormally dilated vessels of the
spinal cord. This syndrome is the end-stage of progressive
myelopathy due to venous congestion that develops gradu-
ally over 1-5 years. Patients with Foix-Alajouanine syndrome
may present with increasing unilateral and/or bilateral weak-
ness, dysesthesias, and numbness or tingling in the lower ex-
tremities, which may be symmetrical or asymmetrical. Prob-
lems with bowel, bladder, and sexual function are also seen [8-
10] . Complaints of non–radiating lower back pain in the lum-
bosacral or coccygeal regions, that may initially be interpreted
as sciatica are common. Weakness or numbness eventually
can progress to the upper extremities. In most patients, Foix-
Alajouanine syndrome follows a protracted course of a few
years before a diagnosis is made, however, in a minority of
patients, acute onset of symptoms is also reported [11] . In the
present case, the patient presented with back pain, lower limb
weakness and paresis, gait imbalance, and muscular wasting
of both legs which slowly progress over 2 years and has re-
cently worsened. 

Radiological evaluation is important which allows the re-
ferring physician; to differentiate the syndrome from other
causes of progressive myelopathy, follow-up the patients, and
develop a correct management plan to prevent disease pro-
gression. 

MRI and digital subtraction angiography (DSA) are 2 im-
portant imaging modalities with the ability to accurately
diagnose spinal vascular anomalies including spinal AVM.
MRI studies may be normal during the early stages of Foix-
Alajouanine syndrome, but with disease progression, T1WI
can reveal swelling of the cord and decreased signal intensity
peripherally within the affected spinal cord levels. On T2WI,
the spinal cord lesions are hyperintense in central locations.
Contrast administration often produces serpentine areas of
enhancement and reveals the presence of enlarged, tortuous
vessels in the subarachnoid space with associated "flow void"
phenomena. MR angiograms can predict the site and extent
of the fistula before the use of the more invasive technique of
catheter angiography. MR angiograms generally demonstrate
flow in serpentine perimedullary vessels. In general, the key
MRI findings of spinal cord AVM are: signal voids from the
high-velocity flow and dilated perimedullary vessels which
may indent and/or scallop the cord, and increased cord sig-
nal due to cytotoxic edema or myelomalacia [ 1 ,4 ,6 ,7 ,12 ]. Con-
ventional intra-arterial DSA is the standard for the diagnosis,
treatment evaluation, and follow-up examination for spinal
AVM. Immediately after surgical or endovascular treatment,
DSA is usually performed to evaluate the success of treatment.
In the follow-up period, DSA is performed when the patient
symptoms worsen [12-14] . Despite the high sensitivity of an-
giography for the diagnosis of spinal cord AVM, in some cases,
the result of the study may be inconclusive and/or negative for
Foix-Alajouanine syndrome. Van Dijk et al. described 2 cases
with normal angiograms for spinal AV fistula, although the pa-
tients had classic clinical signs and symptoms, and MRI find-
ings. Criscuolo et al. also reported 2 patients with the diag-
nosis of Foix-Alajouanine syndrome and negative spinal ar-
teriography [ 15 ,16 ]. In the present case, however, suggestive
defects of arteriovenous malformations could not be seen on
the angiographic study, probably due to very small vessels of
different origins, but the MRI findings were very useful and
characteristic for the diagnosis of spinal AVM causing Foix-
Alajouanine syndrome. 

There is a long list of differential diagnoses of spinal AVM
which can be divided into 2 categories. The first category in-
cludes conditions mimicking the clinical picture of spinal AVM
but has typical radiological features such as vertebral disk
syndromes, polyradiculopathy, spinal injury, spinal epidural
hemorrhage and/or abscess, primary or metastatic neoplas-
tic diseases, and so on. The second category includes dis-
eases causing almost similar imaging findings of transverse
myelitis such as multiple sclerosis, systemic autoimmune dis-
eases, post-vaccinated conditions, vasculitis, paraneoplastic
syndrome, and infectious diseases. Clinical history, labora-
tory examination, and radiological findings together play an
important role in the differential diagnosis of spinal AVM.
Conditions associated with transverse myelitis including neu-
romyelitis optica spectrum disorder (NMOSD) can demon-
strate similar imaging findings of longitudinally extensive
high T2 signal involving the spinal cord, but the presence of
abnormally dilated perimedullary vessels with flow void in the
posterior epidural space of the thoracolumbar region, as seen
in the present case, is highly suggestive of spinal vascular mal-
formations [17-19] . 

The choice of treatment for Foix-Alajouanine syndrome is
either endovascular embolization or surgical ligation of the
fistula; in some cases, both modalities are used. Initially, the
affected patients have spastic paraplegia which may eventu-
ally develop flaccid paralysis of the limbs with and/or without
loss of sphincter control and may even become wheelchair-
bound. Death can occur with terminal sepsis or other seque-
lae. The prognosis is poor if treatment is not administered be-
fore neurologic deterioration occurs [ 11 ,17 ]. 

Conclusion 

A definitive diagnosis of spinal AVM causing Foix-Alajouanine
syndrome requires radiographic demonstration of the vascu-
lar anomaly usually made by MRI and/or angiography. Despite
the high sensitivity of the angiography for the diagnosis of
spinal cord AVM, the result of the study may be inconclusive
and/or negative. Enhanced MRI of the spine is the first-line di-
agnostic procedure in patients with spinal AVM and provides
valuable information. The key MRI findings are abnormally
dilated perimedullary vessels with signal voids from a high-
velocity flow on T1 and T2 weighted images. 

Patient consent 

Written informed consent was obtained for publication of this
case report and any accompanying images. 
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