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Abstract 

Background:  Spinal arteriovenous malformations (AVM) consist of a heterogeneous group of pathological vascular 
entities that affect the spinal cord parenchyma either directly or indirectly.

Case presentation:  We present an unusual case of spinal arteriovenous malformation (type 2) in an 18-month-old 
girl who presented with weakness of both lower limbs and urinary incontinence. She was diagnosed with a spinal 
AVM with large intramedullary nidus and paraspinal extension which was managed with endovascular embolization.

Conclusion:  Spinal cord AVM in children can be debilitating. If presented early, patient can be taken up for emboliza-
tion, which is a relatively safe procedure with better neurological outcome. Our case illustrates the successful role of 
interventional radiology in the treatment of this rare condition.
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Background
Spinal arteriovenous malformations (AVM) consist of 
a heterogeneous group of pathological vascular entities 
that affect the spinal cord parenchyma either directly or 
indirectly [1]. Male predominance is noted in the pedi-
atric population, but in the adult population, no sex pre-
dominance was documented [2, 3]. The earliest clinical 
report of a spinal vascular malformation was in 1890 by 
Berenbruch, who did not acknowledge the lesion as a 
vascular pathology at surgery but only later at autopsy. 
Later on, Krause identified a spinal vascular malforma-
tion during surgery [3]. Typically, there is a delayed pres-
entation, resulting in a lapse of the significant period 
between the onset of symptoms and diagnosis, leading to 

deterioration in neurological function, which could have 
been prevented with a timely intervention [4].

Spinal arteriovenous malformations have been classi-
fied into four types: dural arteriovenous fistula (type 1), 
intramedullary glomus (type 2), intramedullary juvenile 
type arteriovenous malformation (type 3), and intradural-
extramedullary arteriovenous fistula (type 4) [5]. Partial 
embolization and ligation of feeding vessels remain the 
mainstay of managing these enigmatic lesions [6, 7].

Here, we present an unusual case of spinal arterio-
venous malformation (type 2) in a pediatric patient with 
large intramedullary nidus with paraspinal extension 
managed with embolization.

Case presentation
An 18-month-old female child presented to the neurol-
ogy outpatient department with complaints of weakness 
of both lower limbs and urinary incontinence for 4 days. 
The child had been toilet trained at the age of 12 months. 
The onset of weakness was acute in nature and non-pro-
gressive. There was no history of trauma to the spine, no 
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history of fever, and no history of muscular dystrophies. 
The child was a full-term normal vaginal delivery at the 
hospital with no intrapartum or postpartum complica-
tions. Developmental milestones were age-appropriate 
and immunized per the Indian Academy of Pediatrics 
schedule. There was no history of marriage consanguin-
ity. General and other systems examinations were found 
to be normal. MRI of the spine was requested to look for 
the cause of her weakness.

MRI spine with standard pre- and post-contrast 
sequences sagittal TSE T1, TSE T2, STIR, HASTE T2, 
MEDIC, Axial T1, T1 FS, and TSE T2, Coronal STIR, and 
MR myelograms was included in the protocol. IV con-
trast was administered, and multiplanar post-contrast 
imaging was done. The MR images revealed: Abnormal 
intramedullary bunch of flow voids with a sac-like struc-
ture measuring 9.0 mm × 10.5 mm × 15 mm (AP × TR × 
CC) was seen extending from D9 to D10 Intravertebral 
disk level to mid D11 vertebral body level. Associated 
cord edema was seen extending superiorly till the D1 ver-
tebral level and till conus medullaris inferiorly (Fig. 1).

Based on MRI findings, the child was diagnosed with a 
spinal arteriovenous malformation type 2 with intra- and 
extramedullary components of the vascular sac and evi-
dence of intramedullary hematoma.

Digital subtraction angiography (DSA) was done, 
which showed hypertrophied intercostal artery with a 
large intramedullary and extramedullary tangle of ves-
sels. Given complex anatomy, the neurosurgeon and 

neuro-intervention team took the decision of targeted 
endovascular embolization.

The child was taken up for endovascular embolization 
under general anesthesia in a separate sitting after appro-
priate counseling of the parents and obtaining informed 
consent from them. A diagnostic spinal vessel angiogram 
revealed an abnormal hypertrophied feeder from the left 
D8 intercostal artery supplying the AV Fistula with an 
aneurysmal sac. Superselective cannulation of the feed-
ing artery was done using a flow-directed microcatheter 
(Marathon, EV3), and 2  ml of 30% NBCA glue (n-butyl 
cyanoacrylate) was injected at the fistulous site. Com-
plete obliteration of the AV fistula and intramedullary 
aneurysmal sac was achieved (Fig. 2).

Post-embolization MRI was done, and it revealed a sig-
nificant reduction in nidus and obliteration of sac. There 
was also resolution of the cord edema (Fig. 3). On follow-
up, the child gradually improved over the next 1 year and 
could walk with assistance and regain complete bladder 
control. At 36 months, the patient could walk with sup-
port, regained complete bladder control, and residual 
wriggling gait was present.

Discussion
Spinal arteriovenous lesions are rare entities, with sev-
eral complications if untreated. These account for 
3–16% of all space-occupying lesions in the spinal cord 
[8]. Although spinal cord AVMs are common during 
the third decade of life, 20% of the cases occur before 

Fig. 1  a T2 weighted and b T1 weighted post-contrast sagittal Magnetic Resonance Imaging (MRI) images of the whole spine show peri- and 
intramedullary spinal AVM at D9–D11 spinal level (white arrow) with surrounding spinal cord edema extending from D1–D11 spinal level (red 
arrow). The post-contrast images show diffuse enhancement of the nidus (blue arrow)
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age 16 [9]. Spinal AVM patients generally present with 
symptoms of backache and progressive myelopathy, gait 
abnormalities, sensory involvement, and bladder/bowel 
incontinence [10]. Management of spinal AVMs includes 
vascular embolization, surgery, or a combination of both. 
Conservative management is offered to a specific type of 
lesions [11].

The spinal cord may be edematous on MRI, which 
appears as a hyperintense signal on T2WI MRI. There 
are associated low signal areas at the dorsal surface of 
the cord. These low signal intense areas represent the 
engorged perimedullary venous plexus. The spinal cord 
is bulky and hypointense on T1-weighted images. Post-
contrast images show intense enhancement representing 
engorged veins with disruption of the blood barrier of 

Fig. 2  Digital Subtraction Angiography (DSA) images: A Left D8 intercostal digital subtraction angiogram shows abnormal hypertrophied feeder 
(red arrow) with intranidal aneurysm (yellow arrow) and draining vein (blue arrow). B Super selective microcatheter run at a fistulous site (red arrow). 
C Post-glue embolization shows the obliteration of AVM and normal opacification of the anterior spinal artery (red arrow)

Fig. 3  Post-embolization a T2 weighted sagittal and b T1 weighted post-contrast Magnetic Resonance Imaging (MRI) images of the whole spine 
show regression of nidus at D9–D11 level (white arrows in a and b) with the resolution of the cord edema seen in Fig. 1a
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the spinal cord. Magnetic resonance angiography (MRA) 
may provide additional information as it could show the 
possible level of fistula. However, DSA plays a crucial 
role before management as it can provide the micro-
architecture of the lesion. DSA can identify the number, 
morphology, and exact anatomical location of the arterial 
feeders, nidus, and venous drainage of the malformation 
[12].

Spinal cord AVMs are associated with a poor prognosis 
if left untreated. Djindjian et  al. [13] found that 36% of 
individuals younger than 40 progress to severe impair-
ment after 3 years of evolution.

Embolization plays a crucial role in managing 
intramedullary spinal AVMs either as a primary treat-
ment or as an adjunct to surgery. Even partial emboliza-
tion plays a significant role in the outcome [14]. Pediatric 
age group spinal arteriovenous shunts account for thir-
teen percent of all cases. Although 17% of the pediatric 
population showed symptoms, they were undetected till 
adulthood. Intramedullary-Extramedullary AVM and 
complex Angiomatosis are complicated to treat because 
of the complex architecture of these lesions involving 
both intradural and extradural compartments and, at 
times, that of normal cord parenchyma with the actual 
AVM. Even though rare, some case reports in the lit-
erature document the complete regression of AVMs by 
using combined angiographic embolization and extensive 
surgical resection.

Conclusions
In our case, endovascular embolization was chosen as 
the primary treatment option for the expected risk of 
neurological deterioration due to surgical resection. Post-
embolization, complete obliteration of the spinal cord 
AVM was obtained. On follow-up, the child had satisfac-
tory improvement in the neurological status. Spinal cord 
AVM in children can be debilitating. If presented early, 
patient can be taken up for endovascular embolization, 
which is a relatively safe procedure with better neurologi-
cal outcome.
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