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BACKGROUND Both filum terminale arteriovenous fistulas (FTAVFs) and filum terminale lipomas (FTLs) are rare. Because of this rarity, there is a
paucity of data regarding concomitant FTAVF and FTL, and the optimal treatment remains to be defined. The authors describe a patient with coexisting
FTAVF and FTL treated with single-stage surgery.

OBSERVATIONS A man in his 70s was referred to the authors’ department because of a suspected spinal vascular malformation seen on magnetic
resonance imaging that was performed to investigate lower limb weakness, intermittent claudication, and urinary incontinence. Previous imaging had
shown a terminal lipoma with an internal flow void. Computed tomography angiography and digital subtraction angiography revealed an FTAVF, the
feeder being a lateral sacral artery. The patient was treated surgically with curative intent. The FTL and tethered cord that had been identified by
imaging were treated in the same procedure. Postoperative digital subtraction angiography showed absence of the abnormal vessels. The patient was
discharged home on the 19th postoperative day.

LESSONS When considering treatment, it is important to determine whether symptoms are attributable mainly to FTL, tethered cord, or FTAVF. One-
stage treatment is useful because it eliminates both the FTAVF and the factors that led to its development.
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Filum terminale arteriovenous fistula (FTAVF) is a type of spinal
vascular malformation. It has been reported that the filum terminale
artery, a branch of the anterior spinal artery (ASA), or the lateral sa-
cral artery (LSA) directly connects with the filum terminale vein
(FTV).1

FTAVFs are a disease accounting for approximately 5% of spinal
vascular malformations.1,2 They are more common in middle-aged
to older men, with the reported incidence being 0.234 per 100,000
person-years.3

In contrast, filum terminale lipomas (FTLs) are a type of spinal li-
poma that develops as a result of spinal canal dysplasia and inva-
sion of subcutaneous fat into the spinal canal during fetal life.
Spinal lipomas mainly cause a tethered cord, which can result in
sphincter dysfunction and neurological symptoms.4 The incidence of

FTLs on magnetic resonance imaging (MRI) ranges from 0.24% to
4%.5–8 Because of the rarity of both conditions, there is a paucity
of data on their simultaneous occurrence, and the optimal treatment
for this combination remains to be clarified. In this report, we
describe a patient with an FTAVF concomitant with FTL cured by
single-stage surgery.

Illustrative Case
A man in his 70s had had bilateral leg weakness for about

6 months and intermittent claudication for about 4 months before vis-
iting our department. At the time of admission, intermittent claudica-
tion was confirmed, and he needed a cane to walk more than 10 m.
He subsequently developed urinary incontinence, and his gait distur-
bance worsened by the day. Spinal cord MRI arranged by a previous

ABBREVIATIONS ASA 5 anterior spinal artery; AVF 5 arteriovenous fistula; DAVF 5 dural arteriovenous fistula; FTAVF 5 filum terminale arteriovenous fistula; FTL 5
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physician showed a T2-high signal area in the spinal cord below the
T8 level and a flow void in the dorsal spinal cord that was suspected
to denote a spinal vascular malformation (Fig. 1A and B). There was
also a terminal lipoma with abnormal blood vessels, and the spinal
cord was tethered to the lipoma/filum complex (Fig. 1D).

His manual muscle testing results were 4−/4− in the iliopsoas,
quadriceps, and hamstring muscles and 4/4 for lateral dorsiflexion
and plantar flexion. There was bilateral sensory disturbance beyond
L2. No sacral dysplasia or lumbosacral skin abnormalities were
observed.

Despite the absence of abnormal vessels on spinal angiography,
computed tomography angiography revealed shunt disease, the
feeder being an LSA. Digital subtraction angiography was therefore
performed, during which selective angiography of the right LSA
showed an arteriovenous fistula (AVF) draining into the FTV. There
were no other feeders (Fig. 1C, E, and F).

Surgery was performed with the patient in the prone position under
general anesthesia with intraoperative electromyography and bulboca-
vernosus reflex monitoring to maximize preservation of nerve function.
The skin was incised, and 2.5 � 5 cm of the sacrum was drilled out
to expose the dura mater. The dura was incised, revealing an FTL.

MRI showed that the lipoma was continuous with the skin on the
caudal side of the operative field. A red (arterialized) vein, which
was considered to be an FTV, was noted on the ventral side of the
lipoma (Fig. 2A). Intraoperative electromyography responses indi-
cated that there were no problems during dissection of the AVF and
removal of the lipoma. Because there was a feeder within the li-
poma that bled vigorously, coagulation and cauterization were per-
formed while the lipoma was removed (Fig. 2B–D).

The aforementioned red vein was collapsed and reverted to a
venous color. In addition, a venous pattern was observed by vascu-
lar Doppler scan. Digital subtraction angiography 17 days after sur-
gery showed that the AVF was no longer present. MRI showed that
the high signal areas in the spinal cord had also improved (Fig. 3).
The patient’s muscle weakness gradually improved, and he was
discharged on the 19th postoperative day with a modified Rankin

FIG. 1. Preoperative images and pathological schema. T2 short tau
inversion recovery MRI showing spinal cord edema below T8 (A).
T2-weighted MRI showing a flow void in the dorsal spinal cord (B).
Computed tomography angiography showing shunt disease with the
lateral sacral artery as the feeder (C). T1-weighted MRI showing a
lipoma with a flow void inside it (D). Reconstructed coronal image
from three-dimensional rotational angiography obtained by digital
subtraction angiography (E). Schema of the relevant anatomy (F).
AAo5 abdominal aorta; FT5 filum terminale.

FIG. 2. Intraoperative photograph showing a red vein (white arrows)
ventral to the FTL (A). Intraoperative photograph showing a feeder
within the lipoma on the caudal side; this was cauterized and ampu-
tated (B). Intraoperative photograph showing the red vein disappeared
after removal of the FTL (C). Schema of relevant anatomy during sur-
gery (D). The left dotted outlined area shows A and C. The right dotted
outlined area shows B. Arrow shows fistulous point.
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Scale score 2. By 4 months after surgery, he was able to walk
about 300 m by himself, and his dysuria had improved.

Discussion
Observations

FTAVFs occur more commonly in older individuals, and the inci-
dence is three times greater in men than in women.1 The most
common symptom is loss of motor function, reported in 80% of
cases, followed by sensory disturbance in 77%, back pain in 72%,
bladder and bowel disturbances in 67%, and sexual dysfunction in
10%.1 Some cases with slow progression are misdiagnosed and
even treated surgically as spinal degenerative disease.9,10 In-
creased venous pressure is one of the causes of the disorders re-
sulting from FTAVF. This elevated venous pressure is transmitted to
the spinal cord, causing congestive myelopathy. In addition, AVFs
can result in blood theft and spinal cord ischemia and dysfunction.1

Aminoff et al.11 recommended surgical intervention for spinal dural
arteriovenous fistula (DAVF) because of the high risk (approximately
50%) of developing walking disability within 3 years.

Manifestations of FTL include sphincter dysfunction in 43%–59%
of cases, neurological and orthopedic disorders in 24%–50%, and
sensory disturbance in 16%–32%.4 The manifestations of FTL may

be attributable to direct compression of nerve tissue by the FTL or
microscopic damage to the spinal cord or circulatory disturbance
caused by repeated bending of the spinal cord back and forth while
it is still engaged.12

The exact causative mechanism of FTAVF development has yet
to be clarified. Venous hypertension and angiogenic factors have
been shown to be strongly involved in the development of
DAVF.13,14

Li et al.13 have suggested that venous hypertension of the spine
caused by venous compression by a lipoma can be associated with
development of an FTAVF. In addition, lipomas can release angiogenic
factors such as fibroblast growth factor 2 and vascular endothelial
growth factor, which can produce angiogenesis within lipomas.15,16

Platelet-derived growth factor-B may also be involved in angiogenesis
and venous hypertension (Fig. 4).17 It is involved in adipose tissue ex-
pansion and angiogenesis within adipose tissue. The increase in adi-
pose tissue increases proinflammatory M1 macrophages and releases
large amounts of platelet-derived growth factor-B, which in turn stimu-
lates angiogenesis.18 Considering the above, lipomas are presumably
associated with AVFs via two mechanisms: venous hypertension and
vascular growth factors.

FTAVFs have also been reported as complications of other dis-
eases. In cases of FTAVF combined with scoliosis, it has been sug-
gested that adjacent severe scoliosis may have caused venous
hypertension, which in turn may have caused formation of an
AVF.19 In one reported case, a lumbar hernia was complicated by
FTAVF, and the associated severe spinal canal stenosis caused ve-
nous hypertension. There is also an association between fistula lo-
cation and stenosis.20 The pathology of tethered cord syndrome
caused by a lipoma is considered to be impaired blood flow and in-
adequate oxygen supply as a result of stretching of the spinal cord
vessels.21 Thus, multiple factors can promote venous hypertension
and angiogenesis.

Takai et al.22 reported a case of AVF associated with FTL with
tethered cord that resolved with endovascular therapy alone

FIG. 3. Postoperative digital subtraction angiography showed disap-
pearance of abnormal vessels (A). T2-weighted MRI showing improve-
ment in spinal cord edema (B). MRI showing absence of the FTL (C).

FIG. 4. Flowchart showing development of an AVF and resultant mani-
festations. FGF-25 fibroblast growth factor 2; PDGF-B5 platelet-de-
rived growth factor-B.
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without dissection, suggesting that the manifestations of FTAVF
are not caused by tethering of the spinal cord. Talenti et al.23 re-
ported that treatment of an AVF that was noticed on MRI after
treatment of a lipoma resulted in an improvement in symptoms.
Their patient’s advanced age, onset of lower limb movement disor-
der, weekly progression of symptoms, and absence of spinal de-
formity or postural variation are not typical of lipoma or tethered
cord syndrome. Thus, disturbance of blood flow caused by the
FTAVF was the most likely cause.

There are currently two forms of treatment for FTAVF: endovas-
cular treatment and direct surgery. Endovascular treatment of spinal
cord vascular malformations is less invasive than direct surgery but
has the disadvantage that the vessels to the shunt are characteristi-
cally narrow, tortuous, and long. In particular, embolization from the
ASA has been reported to cause complications consequent to
thrombosis, vasospasm, and intrusion of embolizing material.1,24

Therefore, in cases where the ASA is the main feeder, endovascu-
lar treatment carries a high risk of ischemic complications, making
direct surgery preferable in some cases.25 Our patient had a single
feeder from the LSA, with the resultant low risk of straying into the
ASA making it highly possible that endovascular treatment would
have been curative. However, endovascular treatment of FTAVFs is
inferior to direct surgery in terms of cure. Giordan et al.1 reported
treating 10 of 39 patients with FTAVF with endovascular therapy;
the complete occlusion rate was only 76%, and two patients even-
tually required direct surgery. In contrast, the success rate of direct
surgery for FTAVFs is close to 100%, with a complication rate of
less than 5%.1,26,27 A total of five unsuccessful endovascular embo-
lization procedures were reported in three of six similar cases of
combined DAVF and lipoma in the sacral region.28 For the above
reasons, we chose to perform a straight-through surgery with cura-
tive intent because the lipoma could safely be dissected during the
same procedure. From the point of view of resolution of symptoms,

simultaneous resection of the lipoma may have been unnecessary.
However, considering the possibility of recurrence of an AVF or
lipoma, we believe that resection was indicated (Fig. 5).

Lessons
We report a case of FTAVF associated with FTL treated with sin-

gle-stage surgery. Treatment of FTAVF presumably led to improve-
ment in neurological symptoms. However, simultaneous surgical
treatment of the FTL might be preferable regarding prevention of
recurrence of the FTAVF.
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