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Spinal Cord Vascular Disease

Norbert Weidner

Abstract
This chapter describes the two main disease entities affecting the spinal cord 
vasculature, spinal cord ischemia, and spinal vascular malformation.

Spinal cord ischemia differs significantly from cerebral ischemia patients in 
terms of age, clinical presentation and course, risk factors, and underlying pathol-
ogy. Clinical severity depends on the lesion extent and the lesion level. Recovery 
is most often incomplete and about 50 % of patients remain wheelchair bound. 
The etiology of spinal cord ischemia can be divided into three entities, all of 
which have different diagnostic algorithms, different preventive, acute/rehabili-
tative strategies and different outcomes: (a) spontaneous, (b) complication of an 
underlying acute disease, and (c) complication of aortic diagnostic/therapeutic 
procedures. Spontaneous spinal cord ischemia is often attributed to the typical 
cerebral ischemia risk factors. However, diagnostic workup needs to be broader 
including underlying inflammatory causes (infectious, parainfectious, autoim-
mune). At the same time, diagnostic imaging in the acute phase is more challeng-
ing compared to cerebral ischemia, which hampers efforts for acute therapeutic 
interventions such as thrombolysis. As further treatment option, in particular 
after aortic surgery, lowering of the intraspinal pressure by lumbar drainage to 
increase intraspinal perfusion pressure can be considered.

In most instances, spinal vascular malformations consisting of spinal dural 
arteriovenous fistulas, arteriovenous malformations, and cavernous angiomas 
cause a more slowly progressive disease manifestation as opposed to the sudden 
onset in spinal cord ischemia. The underlying pathophysiological mechanism is 
based on arterial blood shunted into perimedullar veins, which causes venous 
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congestion in the spinal cord parenchyma. Depending on the type of malforma-
tion, effective neurosurgical and interventional treatment options are available. 
The prognosis heavily depends on an early diagnosis and treatment, which may 
allow to at least partially reverse neurological dysfunction.

5.1	 �Introduction

Both spinal cord ischemia and spinal vascular malformation are considered rare 
diseases. In case of spinal cord ischemia, exact epidemiological numbers are miss-
ing. According to the literature, spinal cord ischemia accounts for 1 % of all isch-
emic events within the central nervous system. In Germany, 196,000 first-ever 
ischemic strokes occur every year [1]. Based on this number, almost 2000 cases 
each year would suffer from spinal cord injury. Considering that the most frequent 
cause of para- or tetraplegia – traumatic spinal cord injury – already accounts for 
roughly 2000 new cases each year in Germany suggests that the incidence of spinal 
cord ischemia is much lower. However, exact numbers are missing. Likewise, the 
exact incidence of spinal vascular malformations is unknown. In various publica-
tions, the incidence for spinal dural arteriovenous fistulas, the most common type of 
spinal vascular malformation, is reported between five and ten cases per one mil-
lion. The source for this estimate cannot be confirmed.

5.2	 �Vascularization

Knowledge about the arterial supply of the spinal cord is still far from being com-
plete. Due to the small diameters of respective vessels (maximum diameter in the 
artery of Adamkiewicz is 1.2 mm; all other vessels are mostly in the range between 
0.1 and 0.8 mm), precise in vivo studies are difficult. Most of our current knowledge 
related to spinal cord vascular supply is based on postmortem studies after microin-
jections of staining fluids and microradiological assessments [2].

During embryonic development the anterior spinal artery develops from the 
anastomosis of ascending and descending branches of 31 bilateral segmental ante-
rior radicular arteries. In the adult, the majority of these segmental feeders of ante-
rior spinal artery obliterate. Only around 6 of these feeders remain in the adult. 
Around 2–3 radicular arteries can be found at cervical level, 2–3 at thoracic level, 
and 0–1 at the lumbosacral level [2] (see chapter 2).

The vast collateral vascular network around and within the spinal cord – despite 
the fact that during development the majority of segmental arteries are obliterated – 
accounts for the rare incidence of ischemic events within the spinal cord. More 
recent studies in pigs clearly indicate the presence of a robust collateral network, 
which helps to maintain spinal cord perfusion even after interruption of relevant 
segmental arteries [3]. After infusion of acrylic resin and subsequent curing of the 
resin, the selectively visualized spinal vasculature shows extensive collaterals 
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between the segmental arteries feeding into the anterior spinal artery on the one 
hand and vastly interconnecting vessels outside the spinal canal supplying the erec-
tor spinae, iliopsoas, and associated muscle vasculature posteriorly on the other 
hand. Moreover, multiple longitudinal anastomoses along the vertebral column 
exist, which receive additional supply from the subclavian artery rostrally and the 
hypogastric arteries caudally [4]. According to the literature, such a comparably 
robust collateral vascular network exists in humans [3]. The rather few vessels pro-
viding spinal cord perfusion anteriorly versus the robust vessel network for the 
paraspinal muscles suggest that paraspinal muscle activity can impose a steal effect 
and thus threaten spinal cord perfusion.

The ventrally located anterior spinal artery and two posterior spinal arteries directly 
supply the spinal cord (Fig. 5.1). Along the length of the spine, these vessels receive 
input from the subclavian artery via the vertebral artery, the thyrocervical trunk, and 
the costocervical trunk. Furthermore, several segmental arteries from the intercostal 
arteries and the lumbar artery containing the arteria radicularis magna (artery of 
Adamkiewicz) feed into the spinal cord vasculature (Fig. 5.2). More caudally, the 
hypogastric arteries support the spinal cord through the lateral sacral and iliolumbar 
arteries. The artery of Adamkiewicz arises on the left side of the aorta between the T9 
and L1 segments, to anastomose with the anterior spinal artery. The artery of 
Adamkiewicz is typically cranially oriented due to cranial movement of the spinal 

Fig. 5.1  Vascularization of the spinal cord: The main blood supply for the lower thoracic and 
lumbar spinal cord is derived from the Adamkiewicz artery feeding into the anterior spinal artery 
(ASA) [31]. The dorsal one third of the spinal cord receives blood supply through the posterior 
spinal arteries (PSA). The central arteries (central a.) provide the central vascular supply to the 
ventral horn, anterior portion of the dorsal horn and dorsal columns, the inner half of the anterior 
and lateral columns, and base of the dorsal columns in a centrifugal pattern. The pial arterial plexus 
(pial a. plexus, peripheral system) supplies the outer portion of the anterior and lateral columns and 
the posterior portion of the dorsal horn and dorsal columns in a centripetal fashion (Figure used 
with kind permission from Nicholas Theodore, M.D.)
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Fig. 5.2  Longitudinal organization of arterial blood supply in the spinal cord. Segmental arteries 
(segmental a.) derived from the aorta reach the spinal cord surface and form the anterior spinal 
artery (ASA) [31]. The largest segmental artery, typically located between the L1 and L2 level on 
the left, is termed great radicular artery or artery of Adamkiewicz (Adamkiewicz a.). Central artery 
(central a.), posterior spinal artery (PSA) (Figure used with kind permission from Nicholas 
Theodore, M.D.)

cord against the vertebral column. Once at the cord surface, the artery of Adamkiewicz 
branches into a small ascending vessel and a large caudally oriented vessel, which 
gets formed after a hairpin curve of the artery of Adamkiewicz. It supplies the lower 
two thirds of the spinal cord. Posterior spinal arteries supply the dorsal third of the 
spinal cord – mainly the dorsal columns. Central arteries provide the vascular supply 
ventrally in a centrifugal pattern (central system), whereas the pial plexus feeds into 
the cord into a centripetal fashion supplying more superficial and dorsal regions of the 
spinal cord (peripheral system). The pial plexus forms an efficient anastomosis 
between the anterior and posterior circulation along the entire length of the spinal 
cord. Intercostal arteries reach the spine via an anterior and posterior radicular artery. 
The anterior radicular artery divides into an ascending and descending anterior spinal 
artery. Therefore, the anterior spinal artery represents an anastomotic channel between 
ascending and descending branches of neighboring anterior radicular arteries [2]. One 
should keep in mind that only in few instances do the anterior and posterior radicular 
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arteries pass the dura to reach the surface of the medulla. Most of the feeding radicular 
arteries become obliterated during development.

The venous system is divided into intrinsic and extrinsic systems. The intrinsic 
veins are divided into sulcal and radial veins, and the extrinsic veins consist of the 
anterior and posterior spinal veins. The anterior median spinal vein follows the ante-
rior spinal artery and continues to the filum terminale vein. One posterior median 
vein, the greatest spinal vein, is accompanied by two posterolateral veins.

The extrinsic system is in contact with the spinal pia mater and includes the pial 
venous network, the longitudinal collectors, and the radicular veins. This configura-
tion produces large lateral and dorsoventral anastomotic systems. Spinal veins drain 
into the anterior and posterior radiculomedullary veins, which in turn drain into the 
paravertebral and intervertebral plexuses. These venous plexuses drain into the seg-
mental veins, draining into the ascending lumbar veins, azygos system, and pelvic 
venous plexuses.

5.3	 �Spinal Cord Ischemia

Spinal cord ischemia accounts for 5–8 % of all acute myelopathies [5] and 1–2 % of 
all ischemic events within the central nervous system [6].

Pathophysiology
Acute cerebral ischemias are most often caused by either atherosclerotic plaques, car-
diac, or arterio-arterial embolism. The situation in the spinal cord is different. Here 
main causes are pathologies and interventions related to the aorta. Furthermore, infec-
tion leading to epidural thrombosis with secondary spinal cord infarction, hypercoagu-
lable state, vasculitis (panarteritis nodosa, antiphospholipid antibody syndrome, 
systemic lupus erythematosus), epidural transforaminal injections, and cocaine con-
sumption can induce spinal cord ischemia. Degenerative spine disease, for example, a 
vertebral disk, can directly compress a radicular artery [7]. Alternatively, material from 
the disk can enter the vascular system and cause so-called fibrocartilage embolism, 
which has been confirmed histologically. In children and young adults, spinal ischemia 
following scoliosis surgery has been reported. There it is most likely to be caused by 
traction movement of the spine. A confirmed cause is surgical occlusion of segmental 
arteries in the course of scoliosis surgery [8]. Nevertheless, the incidence seems to be 
low despite frequent occlusion of segmental arteries during respective surgeries. A 
retrospective study of 1090 patients undergoing corrective spinal deformity surgery 
reported only four cases with neurological deficits, which were attributed to vascular 
insufficiency due to vessel ligation [9]. Hyperextension of the thoracic spinal cord has 
been proposed as a mechanism to cause compression with consecutive occlusion and/
or vasospasm and as a result spinal cord infarction in so-called surfer’s myelopathy. 
Quite a number of cases have been reported, typically novice surfers lying and pad-
dling on the board in a supine position for prolonged periods of time [10].
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Severe hypotension, cardiac arrest, or, rarely, spinal venous pathology preceding 
transient ischemic attacks affecting the spinal cord are rare.

Most of spinal cord ischemias are related to therapeutic interventions – either 
open repair of descending thoracic aortic pathologies or thoracic endovascular aor-
tic repair (TEVAR) – to invasively repair aortic dissection or aneurysm. The inci-
dence of spinal cord ischemia appears to be slightly lower with open repair strategies 
(between 3 and 15 %), most likely promoted by aortic cross-clamping, reperfusion 
injury, and acute hemodynamic changes [11]. The incidence of spinal cord follow-
ing TEVAR varies widely. A recent retrospective monocentric analysis [12] from an 
established center reports an incidence of spinal cord ischemia following TEVAR as 
high as 31 % (total of 72 patients). Looking only at cases, where proper peri- and 
postoperative preventive measures were implemented (maintaining sufficient blood 
pressure, CSF drainage), the incidence decreased to almost 24 %. In contrast, in a 
meta-analysis of more than 4000 patients undergoing TEVAR, the rate of spinal 
cord ischemia was reported as low as 3.9 % [13]. A retrospective analysis of 424 
patients undergoing TEVAR revealed a total of 12 patients (2.8 %) suffering from 
spinal cord ischemia [11]. Onset of ischemia was usually delayed by 10.6 h with a 
single case showing a paraparesis roughly 10 days after the intervention. The 
delayed onset of spinal cord ischemia has been attributed to postoperative hypoten-
sion, thrombosis, hematoma, embolization, and elevated CSF pressure. Of note, 
half of the spinal cord ischemia patients had previous open or endovascular aortic 
repair. As independent risk factors to develop ischemia, chronic renal insufficiency 
and extent C endovascular coverage (entire descending thoracic aorta from the left 
subclavian artery to the diaphragm) were identified. Means to raise spinal cord per-
fusion, before or after symptoms of spinal cord ischemia became apparent (raising 
arterial blood pressure, lumbar drainage to reduce cerebrospinal fluid pressure), 
were suggested to ameliorate neurological deficits and to contribute to more sub-
stantial recovery in the long term. Surprisingly, 9 out of 12 patients completely 
recovered from paraparesis (incomplete sensorimotor deficits), whereas 3 out of 12 
patient at least incompletely recovered from paraplegia. Only one patient did not 
recover at all.

Based on the pattern of spinal cord infarction, defined etiologies have been sug-
gested in a case series of 27 spontaneously occurring spinal cord ischemias [14]. 
Their mean age was 56 years with 11 men and 16 women. They were divided in an 
anterior, posterior spinal artery pattern, central or transverse manifestations. 
Concomitant infarction of the vertebral body was observed in one patient. The man-
ifestation typically occurred within minutes up to several hours and was preceded 
only in two cases by transient ischemic attack (TIA)-like symptoms. Back or neck 
pain was observed in two thirds of the patients. The authors propose that arterial 
hypotension causes a central all the way up to a transverse spinal cord lesion pat-
tern. On the other hand, anterior or posterior unilateral or bilateral infarctions are 
likely caused by mechanical affection of their corresponding vessel – the radicular 
arteries. This was based on the coincidence of “mechanical factors” referred to as 
“spine disease.” 75 % of the patients with anterior or posterior infarcts displayed 
disk pathology (protrusion) coinciding frequently with the infarct region. Respective 
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mechanical factors can be aggravated by movement of the spine, preceding the 
occurrence of infarction in a number of patients with anterior/posterior infarction 
pattern. Of course, fibrocartilage embolism, as described by a number of case 
reports, and confirmed postmortem histologically cannot be excluded as an underly-
ing mechanism. Overall, recovery in this series of spontaneous spinal cord ischemia 
cases was remarkably positive with complete or incomplete recovery in 70 % of the 
patients. In comparison, retrospective studies with spinal cord ischemia patients 
induced by aortic pathology (with or without surgery) revealed that at least 50 % of 
the patients showed an unfavorable outcome with permanent wheelchair depen-
dency [5].

Diagnostics
MRI represents the gold standard to visualize ischemic changes. Nevertheless, 
MRI of the spinal cord can be rather challenging, which is attributed to the need 
for strong gradients, the small size of the spinal cord, and flow artifacts among 
others. Axial and sagittal T1-, T2-, STIR-, and diffusion-weighted images are 
recommended. Contrast enhancement is absent in the initial stage and can there-
fore help to delineate the pathology from inflammatory or neoplastic causes. 
Subsequently, contrast enhancement can be observed in the majority of spinal 
cord ischemia cases – typically more than 2 days after disease onset [15]. In the 
acute stage, restriction of diffusion and hyperintense signal changes in T2 and 
STIR sequences can be observed. However, depending also on the quality of the 
scan, MRI can be without any relevant changes. According to a longitudinal anal-
ysis with serial MR scans over time, signal changes in T2-weighted images are 
typically observed within 2 days from disease onset; the earliest respective change 
was seen already 14 h after disease onset [15]. Occlusions of the anterior spinal 
artery can cause predominant infarction of the anterior horn and surrounding 
white matter uni- or bilaterally, whereas occlusion of the posterolateral artery 
affects the dorsal horn and the dorsal columns. Concomitant infarction of the 
vertebral body – associated with hyperintense signal changes in the vertebra and 
the adjacent disk – is due to the shared vascularization of the spinal cord and the 
vertebrae [14].

As pointed out above, MRI can be unremarkable in the early phase after spinal 
cord ischemia. In this case, an infectious/inflammatory cause of spinal cord disease 
has to be addressed requiring a CSF workup. The general conception is that the CSF 
in spinal cord ischemia is pretty much normal except for a moderate protein increase. 
Systematic findings about CSF results in spinal cord ischemia are sparse. In a case 
series of 13 patients with spontaneous spinal cord ischemia, a mean cell count of 
35.4 cells/mm3 (range 1–160) and a mean protein level of 0.72 g/l (range 0.4–1.39) 
have been reported [16]. Accordingly, moderate CSF pleocytosis does not rule out 
spinal cord ischemia entirely.

Therapy
In respect to evidence-based treatment for spontaneously occurring spinal cord 
ischemia, no randomized controlled clinical studies exist to date. Rule number one 
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is to identify and treat the underlying cause if possible. Prophylactic treatment with 
a platelet inhibitory drug such as acetylsalicylic acid is commonly recommended. 
Thrombolytic treatment with recombinant tissue plasminogen activator (rt-PA) is 
not established in spinal cord ischemia. Few case reports describe a favorable out-
come, which is not sufficient to recommend this therapeutic approach [17, 18]. It is 
challenging to confirm the diagnosis spinal cord ischemia before the treatment win-
dow for rt-PA closes. Due to a missing rationale and evidence, steroids should not 
be administered.

In respect to treatment and prophylaxis following surgical aortic repair, numer-
ous studies have been performed. It is widely accepted that blood pressure needs to 
be stabilized immediately. At the same time, spinal cord pressure should be lowered 
by means of CSF drainage. A meta-analysis investigating 46 studies with a total of 
4936 patients, who underwent TEVAR, did not reveal a significant benefit for rou-
tine or selective prophylactic lumbar CSF drainage [13]. In contrast, for open aortic 
repair strategies, the benefit of routine CSF drainage has been confirmed in meta-
analyses and a randomized controlled trial [19].

Segmental artery occlusion in the course of anterior spine surgery  – mostly 
related to scoliosis surgery – can induce spinal cord ischemia in rare instances [9]. 
Preoperative spinal angiography might be useful in determining the exact location 
of the Adamkiewicz artery and thus allows exact planning of the surgical approach 
to prevent a lesion of this very important artery. In 100 preoperative angiographies, 
the Adamkiewicz artery was located between the segments T8 and L3 (in 50 % at 
the T8/T9 level) and in 75 % on the left side. This information led to ten side chang-
ings and three modifications of surgical technique with segmental vessel preserva-
tion. In none of the 100 patients, neurological deficits suggesting spinal cord 
ischemia were observed postoperatively [20].

5.4	 �Spinal Vascular Malformations

Spinal vascular malformations are divided into spinal dural arteriovenous fistulas 
(sdAVF), arteriovenous malformations (sAVM), and cavernous angiomas. Both 
sdAVF and sAVM account for roughly 4 % of all intraspinal lesions.

5.4.1	 �Spinal Dural Arteriovenous Fistula

Spinal dural arteriovenous fistula (sdAVF) or type I sAVM is the most common 
type of a spinal vascular malformation accounting for 80 % of all spinal vascular 
malformations (Fig. 5.3a). The incidence is estimated around 5–10 per one million 
[21]. Predominantly affected are men with a mean age of 60. It is thought that 
sdAVF is most likely an acquired disease condition, caused by infection, syringo-
myelia, trauma, or surgery. 90 % of all sdAVFs are located in the thoracolumbar 
region [21].
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Pathophysiology
Root veins penetrate the dura, which contributes to the vessel wall. There, arterial 
blood is shunted into perimedullar veins causing congestion within the veins and 
subsequent edema within the spinal cord. Usually solitary, rarely 2, never more than 
2 fistulas per patient can be detected. Consecutively, variously expanded veins along 
the dorsal surface of the spinal cord can be observed. The related venous congestion 
causes a myelopathy. The fistula is located at the level of the spinal root.

Clinical Presentation
The hallmark of the disease is slowly progressing neurological dysfunction, in par-
ticular sensory (superficial and deep sensation) dysfunction and signs of neurogenic 
bladder and bowel dysfunction [22]. Frequently, at the time of diagnosis, locomotor 
impairment is observed. The slowly progressing disease course frequently delays 
the proper diagnosis – on average 23 months from first symptoms until the correct 
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Fig. 5.3  Spinal vascular malformations. (a) Spinal dural arteriovenous fistula (sdAVF): typically 
varicosely expanded veins along the dorsal surface of the spinal cord. (b) Spinal arteriovenous 
malformation (sAVM) type II: Feeders from the anterior and the posterior spinal artery are illus-
trated. The nidus is located, both intra- and extramedullary. (c) The sAVM type IV is located 
around the conus medullaris on the pial surface intradurally. (d) sAVM type III, which do not 
respect tissue borders, are located intra- and extradurally [26]
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diagnosis has been made [22]. Sometimes, a stepwise worsening, rarely an acute 
deterioration, occurs. At disease onset pain – irradiating backache, which may be 
misinterpreted as degenerative vertebral disease – or claudicatio spinalis are not 
uncommon. Typically, bed rest provides relief of symptoms, whereas activity aggra-
vates symptoms. If untreated, the disease will result in sensorimotor complete para-
plegia including severe bowel and bladder dysfunction.

Diagnostics
Prime diagnostic tool is MRI to detect the congestion myelopathy or perimedullar 
ectatic veins (flow void in T2-weighted images). Contrast-enhanced MR angiogra-
phy can help to identify the nidus. More specific analysis of vascular feeders 
requires conventional angiography. In case MRI is not possible, myelography can 
be an option to detect enlarged blood vessels in sdAVF, showing enlarged vessels 
as tortuous filling defects within the subarachnoid contrast dye. MRI shows con-
gestion myelopathy expanding for over 6–7 segments [23]. The rostro-caudal 
extent of the myelopathy does not correlate with severity of symptoms or location 
of the fistula [24]. Contrast enhancement may mislead toward a spinal neoplasm. 
The dilated coronal plexus veins have a nodular, more shaggy appearance, as 
opposed to less tortuous plexus veins with a more oblong orientation found as a 
normal variant. Conventional spinal angiography represents the gold standard to 
identify the exact vascular pathology, in particular the feeding artery and the venous 
drainage. The disadvantage is that spinal angiography is time-consuming, some-
times requiring more than one session. Ideally, contrast-enhanced MR angiography 
indicates the fistula site, which helps to save iodinated contrast agent and radio-
graphic exposure time. Alternatively, multislice CT angiography can help to local-
ize the fistula site [25].

In spinal cavernous angiomas, T1-weighted images show hypointense and 
T2-weighted images hyperintense signal changes. Hemosiderin-sensitive 
sequences help to clearly identify the cavernous angiomas. Conventional angiog-
raphy helps to specify an unknown mass lesion or other kinds of vascular pathol-
ogies [26].

Therapy
Effective treatment of sdAVF can be achieved surgically or through an endovascular 
approach. Surgical techniques include hemilaminectomy, identifying the abnormally 
enlarged shunting radicular vein, and either clipping or coagulating it close to its exit 
point from the dura. Endovascular embolization uses liquid adhesive embolic agents 
to interrupt the intradural shunting vein. The endovascular approach is minimally 
invasive, and the treatment of the fistula can often be performed in combination with 
the diagnostic procedure. The length of hospitalization is usually shorter [27]. 
Nevertheless, the overall outcome is not affected by the chosen treatment modality 
[28]. In particular motor symptoms and pain respond, rarely bowel and bladder dys-
function. However, a recent meta-analysis shows a clear advantage of primary surgi-
cal treatment of sdAVF over endovascular treatment in terms of initial fistula closure 
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and fistula recurrence [29]. Successful treatment (lack of initial treatment failure and 
lack of recurrence) can be achieved in 96.6 % (588 out of 609 patients) with surgery 
versus 72.2 % (363 out of 503 patients) with endovascular therapy.

5.4.2	 �Spinal Arteriovenous Malformations

Spinal arteriovenous malformations (sAVM), which are mostly located at cervical 
spinal cord level, account for 15–20 % of all spinal vascular malformations. The 
average age in type II sAVM is 20–40 years. Type III and IV sAVM become appar-
ent in adolescence and early adulthood (Fig. 5.3b–d).

Pathophysiology
In type II sAVM, multiple arterial feeders take their origin from anterior and poste-
rior spinal arteries. Therefore, arterial pressure is usually high. Drainage occurs 
through the venous plexus. The nidus is mostly confined to a spinal cord segment 
sitting partly intra- and partly extramedullary. An intramedullary or subarachnoidal 
hemorrhage or a venous congestion leads to mostly acute clinical symptoms. Type 
III sAVM is characterized by a diffuse nidus enlarging the spinal cord. Clinical 
symptoms are triggered by hemorrhage or myelopathy related to the venous conges-
tion. Type IV sAVM is located around the conus medullaris on the pial surface 
intradurally. As described for type III sAVM, the malformation becomes apparent 
by hemorrhage or venous congestion with subsequent myelopathy or 
radiculopathy.

Diagnostics
See respective paragraph for spinal dural arteriovenous fistula.

Therapy
In type II sAVM, decompression surgery alone (laminectomy) does not yield a 
favorable outcome. Surgical and endovascular therapeutic interventions can be 
considered to remove/extinguish the sAVM. However, outcome appears to be more 
favorable with endovascular therapy requiring in many cases repeated interven-
tions [26]. Without specific treatment the overall prognosis is poor. Type III sAVMs 
can rarely be resected, whereas in type IV sAVM, successful surgical resection is 
feasible [26].

5.4.3	 �Spinal Cavernous Angioma

Spinal cavernous angiomas represent rare disease conditions, which manifest 
around the age of 40. Compared to intraspinal locations, intracranial cavernous 
angiomas are ten times more frequent [26].
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Pathophysiology
Cavernous angiomas consist of telangiectasias, which change in shape and size 
through repeated bleedings. They can be located within or outside of the spinal cord 
parenchyma, rarely, epidurally.

Clinical Presentation
Back pain and progressive neurological symptoms (intraparenchymal angioma) are 
caused by repeated bleeding and/or microthrombosis. In case of a slowly progres-
sive disease course, the diagnosis can be delayed up to 4 years. If symptoms mani-
fest acutely, the diagnosis will be established promptly.

Diagnostics
See respective paragraph for spinal dural arteriovenous fistula.

Therapy
The main aim should be to surgically remove symptomatic cavernous angiomas; 
however, the perioperative risk has to be weighed carefully against disease progres-
sion [30].

�Conclusion
Spinal cord vascular pathologies can present as acute onset (spinal cord isch-
emia) all the way to a chronically progressive disease course. Clinical symptoms 
are not specific in respect to the etiology. In particular slowly progressing symp-
toms as typically observed in sdAVM can dramatically delay the proper diagno-
sis and thus postpone specific treatment. The sooner appropriate measures are 
taken – endovascular or surgical elimination of the fistula – the earlier neurologi-
cal dysfunction can be contained, and further worsening including bowel and 
bladder dysfunction can be avoided. In spinal cord ischemia, early diagnosis can 
be challenging despite the acute presentation of severe neurological dysfunction 
and not infrequently made just by exclusion of other compressive and non-com-
pressive causes of spinal cord disease. Unfortunately, effective therapeutic inter-
ventions (systemic administration of recombinant tissue plasminogen activator, 
mechanical thrombus retrieval), which are available after acute cerebral isch-
emia, are not established in spinal cord ischemia.
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