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Abstract
The	 authors	 describe	 a	 case	 of	 filum	 terminale	 arteriovenous	 fistula	 (FTAVF)	 in	 association	 with	
a	 large	 L2–L3	 disc	 sequestration	 and	 diffuse	 lumbar	 arachnoiditis.	A	 64‑year‑old	 male	 manifested	
with	 chronic	 back	 pain	 and	 gait	 difficulty.	Magnetic	 resonance	 imaging	 (MRI)	 of	 the	 thoracic	 and	
lumbosacral spine revealed spinal cord congestion extending from the conus medullaris to the 
level	 of	 T9.	 There	 was	 a	 large	 disc	 sequestration	 came	 from	 L2–L3	 disc	 herniation.	 In	 addition,	
thickening, clumping, and enhancement of the entire cauda equina were noted, probably representing 
arachnoiditis.	 MR	 angiography	 (MRA)	 and	 spinal	 angiography	 confirmed	 FTAVF	 at	 the	 level	 of	
L5.	 The	 patient	 underwent	 laminectomy	 with	 lysis	 adhesions	 and	 obliteration	 of	 the	 fistula.	 His	
postoperative	course	was	uneventful.	MRI	and	MRA	of	 the	 thoracolumbar	 spine	obtained	4	months	
after	 surgery	 revealed	 complete	 obliteration	 of	 the	 fistula	 and	 significant	 resolution	 of	 spinal	
cord	 congestion.	 Enhancement	 of	 the	 cauda	 equina	 roots	 was	 no	 longer	 visible.	 Interestingly,	 the	
significant	resorption	of	the	sequestrated	disc	was	documented	on	MRI.	The	formation	of	the	FTAVF	
in the present study may result from severe spinal canal stenosis caused by a large disc sequestration 
blocking	 the	 rostral	 venous	 drainage	 of	 the	 fistula,	 or	 chronic	 inflammation,	 and	 adhesions	 of	 the	
caudal	nerve	roots	from	lumbar	arachnoiditis.	It	seems	that	FTAVF	may	be	of	acquired	origin	by	this	
evidence.
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Introduction
Filum terminale arteriovenous 
fistulas	(FTAVFs)	are	rare	and	characterized	
by a single direct communication between 
the	 artery	 of	 the	 filum	 terminale,	 the	
distal termination of the anterior spinal 
artery	 (ASA),	 and	 the	 vein	 of	 the	 filum	
terminale without intervening nidus. 
The	 pathogenesis	 of	 FTAVFs	 remains	
controversial. They may be either congenital 
or acquired in origin. These arteriovenous 
fistulas	 (AVFs)	 usually	 affect	 middle‑aged	
men.	The	 common	presentation	of	FTAVFs	
is a slowly progressive myelopathy 
secondary to venous congestion resulting 
from retrograde arterialization of the 
draining vein into the spinal cord. The most 
common	 location	 of	 the	 fistulous	 point	 is	
the	level	of	L3	to	L5.[1,2]

Lumbar	 arachnoiditis	 is	 an	 inflammatory	
process of the arachnoid membrane 
within the lumbar spinal canal involving 
the cauda equina nerve roots resulting in 

thickening of the arachnoid membrane and 
adhesions of the nerve roots each other 
and to the pia‑arachnoid.[3] The etiology 
of spinal arachnoiditis may result from 
spinal surgery, trauma, infection, tumor, 
agents (anesthetic agents, contrast media 
during myelography, and antibiotic) 
into subarachnoid space, intrathecal 
hemorrhage, spinal canal stenosis, disc 
herniation, and idiopathy.[4‑7]	 In	 addition,	
adhesive arachnoiditis may follow lumbar 
epidural steroid injection, one of the most 
performed procedures for managing low 
back pain.[8] Arachnoiditis is diagnosed 
by myelography, magnetic resonance 
imaging	 (MRI),	 or	 direct	 surgical	
observation.[3,9] The imaging features 
of lumbar arachnoiditis mainly include 
clumping and adhesions of nerve roots, 
thickened nerve roots, and enhancing nerve 
roots	 in	 studies	 using	 contrast.	 It	 may	
involve either single or multiple level.[10]
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We	 described	 a	 case	 of	 FTAVF	 in	 association	 with	 a	
large lumbar sequestrated disc and arachnoiditis. The 
pathogenesis	of	the	fistula	in	this	situation	was	discussed.

Case Report
A 64‑year‑old male with a 2‑year history of intermittent 
back	 pain	 complained	 of	 gait	 difficulty	 for	 6	 months.	 He	

Figure 1: Magnetic resonance imaging of the lumbosacral spine. Sequential sagittal T2-weighted (a-c), and gadolinium-enhanced T1-weighted with fat 
saturation (d‑f) images reveal abnormal hyperintense T2 signal with patchy enhancement representing spinal cord congestion extending from the conus 
medullaris to the thoracic level. There is a large L2–L3 disc sequestration with superior migration along the posterior aspect of the L2 vertebral body, 
compressing compressing dura resulting in moderate spinal canal stenosis. This sequestrated disc appears isointense T1, slight hyperintense T2 to 
disc space with peripheral enhancement. In addition, associated diffuse thickening, clumping with enhancement of the cauda equina roots are noted, 
probably representing arachnoiditis.
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had no history of any injury. The patient went to the local 
medical center and was treated with some medicines and 
physiotherapy. One month before hospitalization, he was only 
able to walk approximately 100 m before needing to stop. Two 
weeks before admission, he developed urination incontinence 
requiring diapers. The patient was transferred to our 
institute and admitted for further investigation. On physical 
examination, his gait was slightly wide based. The straight 
leg raise test was negative. The neurological examination 
revealed the evidence of spastic paraparesis (muscle strength 
4/5),	 impairment	 of	 proprioception,	 hyperreflexia,	 and	
presence	 of	 Babinski	 sign	 in	 the	 lower	 extremities.	 MRI	
of the lumbosacral spine revealed abnormal hyperintense 
T2 signal with patchy enhancement representing spinal 
cord congestion extending from the conus medullaris to the 
level of T9. There was a large, sequestrated disc fragment 
came	 from	 L2‑L3	 disc	 herniation	 migrated	 cranially	 along	
the posterior aspect of the L2 vertebral body, compressing 
dura resulting in moderate spinal canal stenosis. This 
sequestrated disc appeared isointense T1, slight hyperintense 
T2	 to	 disc	 space	 with	 peripheral	 enhancement.	 In	 addition,	
associated	 diffuse	 thickening,	 clumping,	 and	 enhancement	
of the cauda equina roots were noted, probably representing 
arachnoiditis [Figures 1a‑f and 2a]. Contrast‑enhanced 

MR angiography (MRA) of the thoracolumbar spine 
demonstrated tortuous and enlarged intradural vessels in 
the midline location extending from the lower lumbar level 
to the mid‑thoracic level [Figure 2b]. Spinal angiography 
demonstrated	 the	 FTAVF	 at	 the	 level	 of	 L5,	 which	 is	
supplied	 by	 the	 artery	 of	 the	 filum	 terminale	 continuing	
from the ASA originating from the right L1 segmental 
artery with cranial drainage through the dilated vein of the 
filum	 terminale	 into	 the	 tortuous	 perimedullary	 veins	 up	 to	
the	mid‑thoracic	 level	 [Figure	 3a	 and	 b].	 Three‑dimensional	
reconstruction of angiographic computed tomography of the 
right	L1	segmental	artery	clearly	illustrated	the	fistula	and	its	
location	[Figure	3c].

The patient underwent surgical treatment. Laminectomy 
was	 performed	 at	 the	 level	 of	 L5.	 After	 durotomy,	 the	
arachnoid membrane was found to be thickened and 
opaque. The arachnoid was gently separated. The roots of 
the cauda equina were swollen and mattered together with 
fine	adhesions.	The	filum	terminale	was	adhered	within	the	
clumping of the cauda equina. Lysis of adhesions between 
the	 nerve	 roots	 was	 performed.	 FTAVF	 was	 identified	
and obliterated with small silver vessel clips [Figure 4]. 
Complete	 obliteration	 of	 the	 fistula	 was	 confirmed	 using	
indocyanine	 green	fluorescence	 imaging.	His	 postoperative	
course was uneventful.

At the 2‑month clinical follow‑up examination, the patient 
continued to improve clinically with the resolution of his 
urinary incontinence and marked improvement in gait. 
At the 4‑month follow‑up, he had completely recovered 
without urinary incontinence and regained normal walking 
ability.	MRI	and	MRA	of	the	thoracolumbar	spine	obtained	
4 months after surgery revealed complete obliteration 
of	 the	 fistula	 and	 significant	 resolution	 of	 spinal	 cord	
congestion	 [Figure	 5].	 Enhancement	 of	 the	 cauda	 equina	
roots	 was	 no	 longer	 visible.	 Interestingly,	 the	 large	
sequestrated	L2–L3	disc	had	spontaneously	resolved.

Discussion
The pathogenesis of lumbar arachnoiditis in the absence of 
the other risk factors remains unknown. According to the 
study about the possible relationships between arachnoiditis 
and	degenerative	disease	of	the	lumbar	spine	in	165	patients	
by	 Jackson	 and	 Isherwood,[5] they suggested that adhesive 
lumbar arachnoiditis may occur in association with spinal 
stenosis. Furthermore, lumbar arachnoiditis due to spinal 
canal stenosis rarely extends over more than one vertebral 
level unless spinal stenosis is also present at multiple 
levels. They reviewed the literature and found that there 
was no evidence of a relationship between arachnoiditis 
and lumbar disc degeneration or herniation.

In	 contrast,	 some	 authors	 suggested	 that	 repeated	 minor	
persistent trauma due to disc protrusion may cause 
localized arachnoiditis.[4] Epstein et al.[7] reported a case of 
a	 large	 midline	 extruded	 disc	 from	 L2‑L3	 disc	 herniation	
with obliterative localized arachnoiditis diagnosed by direct 

Figure 2: (a) Sagittal T2-weighted image of the thoracic spine 
demonstrates spinal congestion extending from the conus medullaris to 
the level of T9. (b) Contrast-enhanced magnetic resonance angiography 
of the thoracolumbar spine shows tortuous and enlarged intradural 
vessels (arrowheads) in the midline location extending from the lower 
lumbar level to the mid-thoracic level
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surgical observation. They speculated that arachnoiditis 
may cause by the focal nature of severe spinal canal 
stenosis representing a complete block on myelography. 
Furthermore, Crisi et al.[11] studied contrast‑enhanced 
features	 on	 MRI	 of	 intrathecal	 nerve	 roots	 in	 patients	
harboring lumbar disc herniation without prior surgery. 
They	 found	 that	 30%	 of	 patients	 had	 enhancement	 of	
ipsilateral	intradural	roots	affected	with	large	disc	herniation	
along their whole length from the site of compression 
to the root‑medullary junction. They speculated that 
this enhancement may cause by the breakdown of the 
blood‑nerve barrier with edema in the compressed roots 
and subsequent crossing of gadolinium from vessels to 
endoneurium.	 In	 addition,	 the	 disruption	 of	 the	 annulus	
fibrosus	 and	 posterior	 longitudinal	 ligament	 may	 permit	
leakage of chemical or immunological irritant from the 
nucleus	 pulposus,	 producing	 inflammatory	 response	 in	 the	
surrounding tissues including the dural and nerve roots 
sleeves, probably inducing arachnoiditis.[12,13]	 In	 the	present	
case,	 it	 is	 possible	 that	 diffuse	 lumbar	 arachnoiditis	 may	
result from leakage of chemical substance into the epidural 
space of the spinal canal caused by the sequestrated nucleus 
pulposus	from	L2‑L3	disc	herniation.

According to the theory about the formation of intracranial 
DAVFs	 proposed	 by	 Miyachi	 et al.,[14] neovascularization 
and	 vessel	 dilatation	 were	 induced	 by	 local	 inflammation	
near the area of the emissary draining veins, and subsequent 
arteriovenous connection occurred on the arteriole level. 
In	 addition,	 the	 maturation	 of	 the	 fistula	 subsequently	

developed after the occlusive change of the venous draining 
system.	They	hypothesized	that	the	pathogenesis	of	the	AVF	
in	 the	 spine	 can	 be	 explained	 by	 this	 same	mechanism.	 In	
addition, Tender et al.[15]	 suggested	 that	 FTAVFs,	 which	
mainly present in adults, may not be the congenital cause 
as had previously been assumed. They believed that the 
pathogenesis	 of	 FTAVFs	 caused	 by	 the	 absence	 or	 loss	 of	
functional medullary veins, that normally drain blood from 
the perimedullary veins to the epidural venous system.

Due	 to	 a	 high	 association	 between	 FTAVFs	 and	 lumbar	
stenosis, Scullen et al.[16] speculated that chronic 
inflammation,	 the	development	of	adhesions,	and	repetitive	
microtrauma caused by long‑standing severe lumbar 
stenosis	 may	 result	 in	 hyalinization	 with	 fibrosis,	 limited	
physiological motion, and increased tension within the 
filum	terminale,	inducing	the	fistula	formation.

Previously,	we	 reported	 the	first	 case	of	 spinal	 sparganosis	
coexisting	 with	 an	 acquired	 FTAVF,	 which	 may	 have	
resulted from severe canal stenosis caused by lumbar 
spondylosis and spinal sparganosis, inducing chronic 
inflammation	 and	 severe	 adhesion	 of	 spinal	 nerve	 roots.	
The patient underwent surgical removal of the granulation 
tissues	with	 lysis	 adhesions	 and	obliteration	of	 the	FTAVF	
simultaneously in the same surgical session with good 
recovery.[17] Subsequently, we reported another three cases 
with	 acquired	 FTAVFs,	 probably	 secondary	 to	 the	 severe	
spinal canal stenosis, and reviewed the literature about 
this condition in another 17 patients.[18] We found that the 
level	 of	 the	 fistulas	 in	most	 patients	 is	 correlated	with	 the	

Figure 3: Anteroposterior views of the right L1 segmental artery angiography in arterial (a) and venous (b) phases show an arteriovenous fistula of the 
filum terminale (arrowheads) at the level of L5, which is supplied by the artery of the filum terminale continuing from the anterior spinal artery with cranial 
drainage into the dilated vein of the filum terminale connecting to the medullary veins. (c) Three‑dimensional reconstructed coronal image of rotational 
spinal angiogram of the right L1 segmental artery clearly demonstrates the fistula (arrowhead) and its location
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FTAVFs	can	be	 treated	by	surgery,	endovascular	 treatment,	
or both. The goal of treatment is the complete obliteration of 
the	fistula	with	preservation	of	normal	arterial	supply	to	the	
spinal cord. The key to complete occlusion is obliteration of 
the proximal vein. Surgical treatment has been the preferred 
method of treatment with higher complete obliteration 
rates and low rate of recurrence. Endovascular treatment 
should be considered as second‑line choice because of 
the	 difficulty	 in	 navigating	 a	 microcatheter	 through	 the	
long and tortuous course of the thin ASA; the possibility 
of	 reflux	 of	 the	 liquid	 embolic	material	 into	 the	ASA;	 the	
risk or tearing, dissecting, thrombosis, or vasospasm of the 
ASA during embolization; concerning about recanalization 
of	 the	 fistula;	 and	 requiring	 expertise	 and	 experience	 in	
neurointerventional procedure.[1,2,19]

Interestingly,	 the	 significant	 resorption	 of	 the	 sequestrated	
disc	 was	 documented	 on	 MRI	 in	 our	 case	 following	
obliteration	 of	 the	 FTAVF.	 Recently,	 Elkholy	 et al.[20] 
demonstrated that large and/or sequestrated discs, extruding 
into the epidural space, are essential predictors for rapid 
spontaneous	resorption	caused	by	an	inflammatory	reaction	
resulting in neovascularization, enzymatic degradation, and 
macrophage phagocytosis of the disc fragment, recognized 
as	foreign.	Significant	rim	enhancement	of	the	sequestrated	
fragment	on	MRI	with	gadolinium	 is	associated	with	 rapid	
spontaneous	 resorption.	 In	 addition,	 gradual	 dehydration,	
shrinkage, and retraction of herniated nucleus pulposus 
may be other mechanisms of spontaneous resorption of 
herniated disc.[13]	In	the	present	study,	the	large	sequestrated	
fragment	 from	 L2–L3	 disc	 herniation	 may	 contribute	 the	
inflammatory	 reaction	 which	 is	 crucial	 to	 its	 spontaneous	
regression.	However,	 the	inflammatory	response	may	cause	
harmful	 effects	 into	 the	 epidural	 space,	 inducing	 diffuse	
lumbar arachnoiditis as mentioned earlier.

Conclusions
The	 formation	 of	 the	 FTAVF	 in	 the	 present	 study	 may	
result from severe spinal canal stenosis caused by a large 
disc sequestration blocking the rostral venous drainage of 
the	 fistula,	 or	 chronic	 inflammation,	 and	 adhesions	 of	 the	
caudal	nerve	roots	from	lumbar	arachnoiditis.	 It	seems	that	
FTAVF	may	be	of	acquired	origin	by	this	evidence.
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level of spinal canal stenosis that may induce local injury 
or	 inflammation	 of	 the	 filum	 terminale	 and	 produce	fistula	
formation.	 However,	 there	 were	 few	 cases	 with	 FTAVFs	
located below the level of spinal stenosis. The mechanism 
of	 the	 fistulous	 formation	 in	 these	 cases	 may	 be	 induced	
from blocked or impaired venous drainage due to severe 
spinal	stenosis	rostral	to	the	fistula.

In	our	case,	there	are	two	possibilities	which	can	lead	to	the	
formation	of	FTAVF.	First,	severe	spinal	stenosis	caused	by	
L2–L3	 disc	 sequestration	 may	 block	 venous	 drainage	 of	
the	filum	 terminale	 rostral	 to	 the	fistula	 at	 the	 level	 of	L5.	
Second,	 the	 fistulous	 formation	 may	 result	 from	 chronic	
inflammatory	 reaction	 and	 adhesions	 within	 the	 cauda	
nerve	 roots	 caused	 by	 diffuse	 lumbar	 arachnoiditis.	 The	
latter possibility seems to be the preferred opinion.

Figure 4: Intraoperative photograph of the patient in the prone 
position after the opening of the dura. (a) The cauda equina nerve 
roots are swollen and mattered together with fine adhesions (black 
arrowheads). (b) Adhesions ((black arrowheads) between the filum 
terminale (asterisk) and the arachnoid. (c) The fistula (black arrow) is located 
on the filum (asterisk) with the dilated artery of the filum (white arrowheads) 
and cranial drainage into the dilated vein of the filum (white arrows)
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