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Abstract. Spinal cord perimedullary arteriovenous fistulas 
(PMAVFs) are rare and belong to type IV spinal cord arterio-
venous malformations (AVMs). Little is known regarding the 
treatment and prognosis of spinal cord PMAVFs. In the present 
study the relevant literature from PubMed was reviewed, 
and it was found that these fistulas can occur at all ages but 
are more common in children. In children, most spinal cord 
PMAVFs are large and with high flow, begin with bleeding and 
are frequently associated with hereditary hemorrhagic telan-
giectasia. However, in adults, most spinal cord PMAVFs are 
small and with low flow and begin with progressive spinal cord 
dysfunction. The early diagnosis of spinal cord PMAVFs is 
generally difficult, and symptoms can be very severe at the time 
of diagnosis. Digital subtraction angiography remains the gold 
standard; however, computed tomography angiography and 
magnetic resonance angiography are also promising. Spinal 
cord PMAVFs can be treated by endovascular embolization, 
surgical removal or a combination of the two methods. Most 
spinal cord PMAVFs show good outcomes after the appropriate 
treatment, and the prognosis is primarily associated with the 
blood flow of the PMAVF. For high-flow spinal cord PMAVFs, 
endovascular embolization is more effective and can lead to 
a good outcome; however, for low-flow spinal cord PMAVFs, 
surgical removal or the combination with endovascular embo-
lization is the optimal choice. The prognosis for low-flow types 
is slightly worse than for high-flow spinal cord PMAVFs in 
children, but the outcome is acceptable.
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1. Introduction

Spinal cord perimedullary arteriovenous fistulas (PMAVFs) 
were first described in 1977 by Djindjian et al (1). These fistulas 
are located on the pial surface of the spinal cord at the transi-
tion from the spinal artery to the medullary vein, without an 
intervening nidus of abnormal vessels (2). The exact etiology 
of spinal cord PMAVFs is unclear as their occurrence may be 
associated with congenital factors or secondary to an iatro-
genic injury that occurs during epidural anesthesia or spinal 
canal surgery (3). There have also been studies of spinal cord 
PMAVFs caused by stab wounds (4,5). The natural history 
of spinal cord PMAVFs is unclear, but it has been suggested 
that asymptomatic PMAVFs are rare. Once PMAVFs appear, 
rupture, bleeding or progressive spinal cord dysfunction 
occurs  (6). Due to our currently limited understanding of 
spinal cord PMAVFs, many cases are initially misdiagnosed 
as other diseases, and the opportunity for optimal treatment is 
thereby lost. At present, the treatment of PMAVFs primarily 
includes interventional embolization and surgical treatment or 
a combination of the two methods, and a variety of factors 
may affect the prognosis (7). As there are many uncertainties 
regarding spinal cord PMAVFs, the present study considers 
studies found from PubMed to review the status of the current 
research and the treatment of spinal cord PMAVFs.

2. Natural history of PMAVFs

At present, the natural history of spinal cord PMAVFs is not 
completely clear (8). When PMAVFs occur, they typically 
cause clinical symptoms; asymptomatic cases are rare. 
In 2013, Gross and Du collected data for 213 patients and 
28 studies. In these patients, only 1% of spinal cord PMAVFs 
were incidental and asymptomatic without bleeding, and the 
annual hemorrhage rate was 2.5%, increasing to 5.6% for 
hemorrhagic fistulas. Patient sex, fistula location and fistula 
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subclass were not significant risk factors for hemorrhage (9). 
Once spinal cord PMAVFs occur, the chance of self-healing 
is minimal. However, it has been shown that the draining 
veins of spinal cord PMAVFs can spontaneously heal by 
forming a thrombosis. For example, in 2012, Takai and Usui 
reported a case of spinal cord PMAVF that was examined 
after clinical symptoms occurred. Those authors found that 
the veins of the PMAVF had already spontaneously formed 
a thrombosis (10). In addition, there are studies that describe 
the occlusion of PMAVFs after spinal cord angiography. For 
example, in 2004, Aydin et al reported a case of a 29-year-old 
female whose symptoms gradually improved within 1 week 
after angiography, and a second angiography examination 
of this patient showed that the PMAVF had disappeared. 
Slowing of the shunt flow in the PMAVF caused by selective 
catheterization of the feeding artery and the thrombogenic 
effect of the contrast media may result in spinal cord PMAVF 
thrombosis (11).

3. Angioarchitecture and classification of spinal cord 
PMAVFs

Angioarchitecture of PMAVFs. Spinal cord PMAVFs obtain 
their blood supply from the ventral and/or dorsal spinal arteries. 
When the fistulas are ventral and directly fed by the anterior 
spinal artery, they are subpial in location, whereas those fed by 
the posterior spinal arteries, they are subarachnoid. However, 
because of the free communications between the anterior and 
posterolateral arterial supply to the spinal cord via transmedul-
lary or circumferential anastomosis, the sole contribution of 
the radiculo-pial arteries without anterior spinal artery involve-
ment is unusual (12-15). The venous drainage of spinal cord 
PMAVFs includes the perimedullary veins over the anterior 
and posterior surfaces of the spinal cord, often extending over 
multiple levels, with pial venous reflux and congestion being 
the most frequently encountered features (16).

Similar to aneurysms that are associated with brain arterio-
venous malformations (AVMs), PMAVFs can also be combined 
with aneurysms on feeding arteries caused by increased 
hemodynamic pressure or congenital factors; however, this situ-
ation is very rare (17). The first case was reported in 2005 by 
Ohmori et al in which the PMAVF was located on the thorax and 
the aneurysm was located on the feeding anterior spinal artery. 
In this case, the aneurysm was resected (18). Anderer et al also 
reported 1 case of thoracic PMAVF in 2008 in which a patient 
had two aneurysms on the feeding arteries (19). Apart from the 
aneurysms on the feeding arteries, some aneurysms of PMAVFs 
may also be located at the fistula. For example, of the 22 cases 
reported by Endo et al in 2014, nine had combined aneurysms 
at the fistula (20).

Classification of PMAVFs. There are many classifications for 
spinal cord PMAVFs, most using the feeding arteries and the 
angioarchitecture as the basis for classification (21,22). The most 
popular classification was proposed in 2002 by Spetzler et al, 
improved the Merland‑Cognard classification in the following 
categories: i) Type A fistulas are characterized by a single 
feeding artery with low flow through the arteriovenous shunt 
and moderate venous enlargement; ii) type B fistulas are inter-
mediate in size, often have multiple feeding arteries and show 

more marked venous enlargement than type A; and iii) type C 
fistulas are the largest of these types of fistulas and these are 
multipediculated, with high-blood flow and enlarged, tortuous 
draining veins (23). In this classification system, most PMAVFs 
are type A micro-PMAVFs, accounting for approximately 75% 
of lesions by contrast, macro-PMAVFs are relatively rare, 
accounting for approximately 25% of cases (16,24,25). Giant 
PMAVFs are included among macro‑PMAVFs and are more 
difficult to treat (26).

Spinal cord PMAVFs can occur individually, but multiple 
PMAVFs can also occur. Multiple spinal cord PMAVFs may be 
associated with certain syndromes, such as Klippel-Trenaunay 
syndrome (27) and Parkes-Weber (PW) syndrome (28). In addi-
tion, spinal cord PMAVFs can occur together with other spinal 
vascular diseases at the same site (29,30). For example, in 2015, 
Shin et al reported a case of spinal AVF combined with arte-
riovenous malformation (31). In another example, Gekka et al 
reported the case of a 37-year-old male with simultaneous 
intramedullary AVMs and PMAVFs at the C3 to C5 level (32). 
In addition, spinal cord PMAVFs can be classified into ventral 
and dorsal types (33). This classification has clinical signifi-
cance; for ventral PMAVFs, a rear-approach surgery can be 
used, whereas front-approach surgery can be considered for 
ventral PMAVFs.

4. Clinical characteristics of spinal cord PMAVFs

Age, sex and site. Spinal cord PMAVFs are most common 
early in life, and previous studies have shown that there is no 
gross sex difference (21,34). However, in 2013, Gross and Du 
summarized 213 cases reported from 28 studies and found 
that patients with type A PMAVFs were significantly older 
(mean age, 46.9 years) and primarily male (68% male). By 
contrast, patients with type C PMAVFs were significantly 
younger (mean age, 18.7 years) and showed no sex bias (9). It 
has recently been reported that the incidence of PMAVFs in 
children accounts for 1/3 of the incidence in the population and 
includes almost all macro-PMAVFs, while the remaining 2/3 
occur in adults, and these are primarily micro-PMAVFs (16). 
There is some degree of uniformity in the PMAVF site, with 
the preferred site being in the thoracolumbar region and neck 
localization being less common  (34). For example, of the 
213 cases PMAVFs studied by Gross and Du, 37 of the 183 
treated cases were in the neck, 59 were in the thorax and 87 
were in the lumbar spine (9).

Clinical manifestation. Spinal cord PMAVFs are difficult to 
diagnose, and most are misdiagnosed as other diseases at their 
onset. Therefore, there is a certain incubation period. In a 2010 
study of 32 cases, Antonietti et al found that the average time to 
diagnosis was 17 months for all 32 patients. For the 20 patients 
with chronic symptoms, the average time to diagnosis was 
24.6 months. For the 12 patients with acute symptoms, the 
average time to diagnosis was 0.5 months (21). When spinal 
cord PMAVFs produce clinical symptoms, 93% of patients 
presented with neurologic deficits and 36% with hemorrhage. 
The neurologic deficit can be exacerbated by compression, such 
as a lumbar disc herniation, which can distort the angioarchi-
tecture of the draining vein, thereby worsening the severity of 
perimedullary venous hypertension (35).
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Bleeding primarily occurred in high-flow PMAVFs, 
such as hematomyelia and subarachnoid hemorrhage (SAH). 
High‑flow PMAVFs are more often associated with syndromes 
such as Cobb syndrome, hereditary hemorrhagic telangi-
ectasia  (HHT), and they are more common in children. 
Neurologic deficits primarily occur in low-flow PMAVFs, 
which frequently have a long history of progressive myelopathy 
and are more common in adults (16,36). The SAH may also be 
associated with the PMAVF location. For example, in a 2014 
study, Endo et al reported 22 cases of cervical cord PMAVFs, 
of which 17 showed SAH, which may be associated with the 
abundant blood supply of the cervical spinal cord (20). Rarely, 
thoracolumbar and even conus PMAVFs can exhibit intracra-
nial SAH, requiring more attention (37-39).

Combination with rare diseases. Spinal cord PMAVFs are 
occasionally found in combination with HHT, Cobb syndrome 
or Klippel-Trenaunay-Weber syndrome, the incidence of such 
cases being approximately 29%. In addition, these types of 
PMAVFs may occur together with other rare diseases and 
even tumors (3,9,28,40). In children, there is a high association 
of PMAVFs with HHT; therefore, HHT should be consid-
ered whenever a PMAVF is encountered in the spinal cord. 
However, none of the adult PMAVF patients had HHT (8,41). 
For example, of the 32 cases reported by Rodesch et al in 2005, 
10 were children and 5 of these occurred in combination with 
HHT. By contrast, none of the 22 adult cases were present in 
patients with HHT syndrome (16). PMAVFs combined with 
neurofibromatosis have also been reported. For example, 
in 2007, Saito et al reported a 62-year-old female who had an 
intercostal PMAVF at the T10-12 position, which was simul-
taneously combined with neurofibromatosis (42). In a study on 
split cord malformation, Vitarbo et al reported a 62-year-old 
female with an L2 level PMAVF combined with split cord 
malformation (43). PMAVFs can evidently occur in combina-
tion with various deformities, suggesting that the occurrence 
of PMAVFs is associated with congenital factors. In addition, 
PMAVF may be combined with tumors. For instance, in 2008, 
Hung and Chiang reported a case of PMAVF concomitant 
with a cauda equina schwannoma (44). There is also a study 
of PMAVFs in association with familial pulmonary vascular 
malformations (45).

5. Imaging manifestation of spinal cord PMAVFs

Magnetic resonance angiography (MRA) and magnetic reso-
nance imaging (MRI). In MRA and MRI, ectasia of the vein 
typically marks the transition point between the artery and 
the vein. PMAVFs typically demonstrate an enhanced dilated 
perimedullary vein or an ectatic venous pouch in combina-
tion with an enlarged spinal artery and no AVM nidus (46). 
For macro-PMAVFs, the venous ectasia may be so large that 
it compresses the cord and contributes to cord dysfunction, 
as indicated by a focal hyperintensity on T2-WI compared 
to the venous ectasia. For micro-PMAVFs, MRI and MRA 
may show a tangle of tubular vessels that is superficial to the 
cord. These flow-void structures are primarily veins that are 
larger than arterial feeders (47). Unsrisong et al used MRA to 
examine PMAVFs, performing the fast 3D contrast-enhanced 
MRA technique via manual contrast injection. Of 5 cases of 

PMAVFs, 4 were clearly visible; therefore, this method may 
be more promising for clinical application (48). In another 
example, Toossi et al reported that in a study where two blinded 
board-certified radiologists reviewed 36 PMAVF cases, MRI 
was sufficiently sensitive to correctly determine the primary 
diagnosis in 94% of cases. Those authors also reported that 
spinal angiography is mandatory in the presence of both T2 
hyperintensity and flow voids but may be unnecessary if both 
of these findings are absent (49).

Computed tomography angiography (CTA). CT has developed 
rapidly in recent years, and CT imaging quality has continu-
ously improved. More clinical expertise has accumulated 
in the diagnosis of PMAVFs by CTA, making it a powerful 
tool for diagnosis. In a 1999 study, Hasegawa et al reported 
2 cases of PMAVFs. Authors of that study used CTA, which 
clearly showed the feeding arteries, fistulas and draining 
vein (50). Furthermore, Yamaguchi et al used CTA to examine 
a 75-year-old female with a PMAVF at the L3 level of the filum 
terminale. Multi‑detector-row CTA revealed the broad range 
of the vascular lesion and the anterior spinal artery as a feeder. 
The fistulous point and the draining vein were observed on 
the multiplanar reformatted (MPR) image (51). 4D-CTA using 
320-row area detector CT on spinal arteriovenous fistulas may 
have more prospects for clinical applications (52).

Digital subtraction angiography (DSA). Spinal angiography 
with CT and contrast-enhanced MRA may be able to clearly 
show the extent of spinal vascular malformations, feeding 
arteries and fistulas. These methods are safe, non‑invasive 
and rapid, shortening the time required for DSA diagnosis and 
treatment (53). However, DSA remains the gold standard for 
the diagnosis of PMAVFs because CTA and MRA often fail to 
provide the important data necessary for the characterization 
of the lesion, such as information on multiplicity, potential 
metameric nature, architectural features and precise localiza-
tion. In some cases, 3D rotational spinal angiography may be 
required (54,55). However, DSA is not always a panacea; in 
DSA, slow-flow PMAVFs may be difficult to recognize because 
the feeding radiculomedullary artery is only slightly enlarged 
and the shunt flow is slow. In this case, a longer venous phase 
is needed. Therefore, Sorte et al suggested that an extension of 
the venous phase is needed for observation (56).

6. Treatment of spinal cord PMAVFs

Available spinal cord PMVAF treatments include surgery, 
endovascular embolization and a combination of the two 
methods. Regardless of the method used, the fistula must 
be completely removed or blocked during treatment. 
Occasionally, postoperative problems can arise due to multiple 
fistulous connections that cannot all be corrected, a failure of 
the embolic agent or the surgical clips/ligation to completely 
block flow and/or a challenging location of the fistula. Such 
residual fistulas may cause a patient's symptoms to continue or 
gradually worsen, and treatment should be continued as early 
as possible (57).

Surgical removal. For type A and some type B PMAVFs, endo-
vascular techniques are difficult because even with the thinnest 
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microcatheter; some feeding arteries are simply too small to 
permit ideal catheter tip positioning for super‑selective fistula 
embolization. In this case, surgical excision is often preferred. 
For example, the interventional treatments of 20 PMAVF 
patients described by Phadke et al (most with types A or B 
PMAVFs) were generally unsuccessful because the feeding 
arteries were too thin or tortuous; however, surgical treatment 
was successful (58). The key purpose of surgical treatment 
for spinal cord PMAVFs is to locate the fistula orifice and to 
remove or close it. Although surgical methods are effective, it 
can still be difficult to locate the fistula, for which intraoperative 
near-infrared indocyanine green (ICG) videoangiography is 
an effective method. ICG reveals the transition from the spinal 
artery to the medullary vein and is very useful in removing 
or closing the fistula orifice (59,60). When intraoperative ICG 
cannot be performed, intraoperative ultrasound is also a good 
option (61,62). Of course, intraoperative DSA assistance is the 
best choice (32,63). Thus, intraoperative monitoring examina-
tions are necessary for the surgical removal of PMAVFs.

For the surgery itself, the therapeutic approach should be 
chosen according to the location of the PMAVF. When the 
main body is on the dorsal side of the spinal cord, the rear 
approach by way of cutting the lamina can be used. However, 
some PMAVFs are located in front of the spinal cord, and 
because the range of motion of the spinal cord is limited, it 
is difficult to reach the front via the rear approach; in this 
case, the anterior approach should be attempted. For example, 
Hida et al reported that five cervical PMAVF patients under-
went corpectomy via an anterior approach with satisfactory 
results (64). In another study by Gekka et al, direct surgery 
was performed via an anterior approach using corpectomy to 
treat a 37-year-old male. This case confirmed that the anterior 
approach is feasible (32). Of the 22 patients studied in 2014 by 
Endo et al, 21 underwent open surgery; an anterior approach 
with corpectomy was selected for 2 patients (20). Therefore, 
for PMAVFs on the ventral side of the spinal cord, the anterior 
approach with corpectomy may be attempted. Occasionally 
PMAVFs in uncommon positions require special treatment 
strategies. For example, Giese et al reported a case of thoracic 
PMAVF in which the transmedullary approach was used. In 
this case, a standard dorsal approach to fistula occlusion is 
taken via the gliotic channel of the transmedullary drainage 
vein. Such an approach can be a useful alternative (65).

Apart from the routine surgical removal of PMAVFs, 
other rare treatment methods have been described. Witiw et al 
reported a 62-year-old male with a type A fistula at S2-3 
between the distal anterior spinal artery and an early draining 
vein returning cranially along the filum terminale. By tran-
secting the filum terminale, it was possible to indirectly disrupt 
the medullary arterial supply to the intradural fistula as well 
as the outflow to the medullary venous plexus. Selective spinal 
angiography at 1 year demonstrated no residual arteriovenous 
shunt (66). This case provides a novel idea for the treatment of 
this type of disease.

Endovascular embolization. Recently, the rapid development 
of endovascular embolization materials has permitted access 
to an increasing number of fistulas fed by small arteries (67). 
The endovascular approach is usually the first-line treatment in 
patients with some type B and C PMAVFs because the feeding 

arteries are generally large enough to allow distal microcath-
eter placement near the fistula. In spinal cord PMAVFs, the 
closure of the vein at the fistula site is critical for successful 
endovascular treatment (68). For large high-flow fistulas, the 
use of a coil is more appropriate because it is more stable than 
glue and cannot easily be washed away (69). Pasqualetto et al 
used a coil to treat a boy with a type C high-flow PMAVF, and 
a good outcome was achieved (70). In addition, Batista et al 
used coils to embolize two high‑flow PMAVFs that were 
fed by the posterior spinal artery and good outcomes were 
achieved (71). Therefore, the use of a coil may offer a safe and 
effective strategy in some high-flow PMAVFs.

In addition to coils, Onyx glue is also a good choice, 
especially when the microcatheter used to deliver these coils 
cannot easily access the PMAVF. However, the softer marathon 
catheter can access the PMAVF more easily to deliver Onyx 
glue. For example, in their 2012 study, Lv et al used Onyx to 
treat four spinal cord PMAVFs and achieved good results in all 
cases (72). In some cases, the combination of Onyx and a coil 
was beneficial. In 2013, Honarmand et al reported 2 cases that 
were treated with Onyx. In the 1 case, Onyx glue was used after 
coil embolization, and in the other case, only Onyx glue was 
used; in both cases, the outcomes were good (73). However, 
complications from embolization with Onyx may arise due to 
inadvertent embolization or embolic reflux into anterior and 
posterior end artery supply to the spinal cord. In addition, due 
to the angiotoxicity of dimethyl sulfoxide (DMSO), there is a 
potential risk of developing perimedullary phlebitis and severe 
vasospasms. Therefore, extra care should be taken when Onyx 
glue is used.

In a study by Hsiao et al, the case of a 51-year-old female 
with lower-thorax PMAVF was reported. Onyx was first 
used for embolization treatment, and the initial outcome was 
satisfactory. However, 2 months later, the symptoms returned 
to baseline level; therefore, the fistulas were removed surgi-
cally. Severe adhesions between nerve and occult venous 
varices were observed intraoperatively. The possibility of 
Onyx-induced perivascular inflammation, resulting in nerves 
adhering to one another and to occult venous varices, cannot 
be excluded (74). Therefore, Onyx glue should be used care-
fully. Due to these disadvantages of Onyx, some researchers 
recommend that n-butyl-2-cyanoacrylate (NBCA) be used for 
embolization. In a 2014 study of 20 patients with 21 PMAVFs, 
Phadke et al used NBCA to successfully treat 16 lesions in 
15 patients. These authors suggested that endovascular NBCA 
glue embolization is safe and efficacious for treating type B 
and C PMAVFs and should be considered the first option for 
treatment. The use of NBCA is also feasible in many type A 
lesions (58). A new NBCA product is Glubran, which is also a 
good choice. For example, in 2007, Ioannidis et al reported the 
use of Glubran for successful embolization of a giant PMAVF 
of the cervical spine in a 6-year-old child (75).

Combination of surgical and endovascular treatment. Occa
sionally, the treatment of PMAVFs is difficult to accomplish 
using surgery or interventional embolization alone. When 
PMAVFs are high-flow and large, simple surgical removal is 
dangerous, and it can be difficult to completely occlude the 
fistula via endovascular treatment (76). In this case, the two 
methods may be combined. For example, in the 20-case study 
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reported in 1999 by Hida et al, joint surgical and interven-
tional treatment was used in 9 cases of type B and C PMAVFs, 
and good outcomes were reported. This success was primarily 
due to preoperative embolization, which notably reduced 
blood flow via the PMAVFs and facilitated subsequent 
surgical procedures (34). Recently, hybrid operations have 
become popular, including the combination of interventional 
embolization and intraoperative surgical exposure in hybrid 
operations. For example, Shin et al reported a case in which a 
woman with PMAVF on the surface of the conus medullaris 
was combined with AVM. For the PMAVF, this patient was 
treated via intraoperative direct fistula sac puncture and embo-
lization using NBCA, and a good outcome was achieved (31). 
In some cases, the percutaneous puncture treatment method 
can be used directly (77). Casasco et al reported a group of 6 
patients with cervical giant PMAVFs, 3 of which underwent 
arterial embolization, 2  underwent venous embolization, 
and 1 underwent direct percutaneous puncture of the venous 
pouch. The treatment outcomes were satisfactory (78).

7. Therapeutic outcome of spinal cord PMAVFs

Most PMAVFs can have satisfactory outcomes after appro-
priate surgical or endovascular treatments. For instance, 
Gross and Du collected information on 213 patients from 
28 studies and found that the surgical obliteration rate was 
88%; 68% of these patients improved, 26% showed no change 
in condition, and the condition worsened in 6%. The endo-
vascular obliteration rate was 74%; of these patients, 75% 
improved, 14% showed no change and 11% worsened (9). In 
addition, the treatment of pediatric cases can also achieve 
good outcomes. Meng et al studied 19 child PMAVF cases 
in 2010, and in this limited study, the treatment outcomes 
were satisfactory. Of the 14 children who were followed-up, 
42.9% (6/14) were succefully treated and 7 (50%) had greatly 
improved (79). Cervical PMAVFs can also achieve good thera-
peutic outcomes, as identified by Endo et al. In that study, 20 
of 22 patients were rated as having a good recovery 6 months 
after surgery (20).

The therapeutic results with PMAVFs also depend on the 
classification, with type C PMAVFs having the best outcomes. 
This difference is primarily due to patients with types A or B 
PMAVFs typically having a long disease history. By the time 
of treatment, most of these patients have already developed 
secondary spinal cord injuries, such as spinal cord edema. 
Despite the embolization of PMAVFs or removal of the fistula, 
secondary spinal cord injuries typically result in difficult 
recoveries, and the outcome is often poor. Although type C 
PMAVFs have high flow, an acute onset and severe symptoms 
at onset, they do not cause severe secondary spinal cord 
injuries; therefore, the prognosis for this type is better. Of the 
32 cases reported by Antonietti et al in 2010, the treatment 
outcomes for type C fistulas showed greater improvement 
(62%) than for types A and B fistulas (26 and 27%) (21). In 
a 1993 study, 35 cases were described by Mourier et al and 
complete occlusion of the PMAVFs was achieved in patients 
with type A and B fistulas. Despite this success, improve-
ment in symptoms was noted in only 50% of these patients 
compared with improvement in 100% of patients with type C 
fistulas (25). In addition, type C fistulas, shunt lesions with 

high-velocity drainage, are more comparable to intramedul-
lary AVMs and show a more reliable response to treatment. 
Thus, the therapeutic outcome for type III or C is optimal.

8. Complications of spinal cord PMAVF treatment

Vascular rupture and formation of a reverse thrombosis. 
Vascular rupture is the most severe potential complication 
of PMAVF treatment. In a 32-case study reported in 2010 by 
Antonietti et al, one feeding artery rupture occurred during 
endovascular therapy. The bleeding caused by the rupture 
compressed the spinal cord and exacerbated the symptoms. 
After the blood was absorbed, the symptoms were gradually 
relieved (21). Occasionally, postsurgical retrograde thrombosis 
of the anterior spinal artery can occur. Anticoagulation has 
been used in a few cases that were associated with severe 
congestion of the pial venous plexuses along the spinal cord; 
such patients are usually managed by elevating the head of 
the bed to allow gravity to assist in decreasing the intradural 
venous pressure (21).

Residual fistula. A residual fistula may cause a lack of symp-
tomatic improvement. In the 32-case study reported in 2010 by 
Antonietti et al residual shunting was noted in 6 patients. The 
presence of a residual fistula on follow-up angiography was 
associated with progressive worsening or lack of improvement 
in neurologic function (21). In an earlier example from the 
20-case study reported in 1999 by Hida et al, residual fistulas 
were found in 4 patients, and postoperative neurological status 
was unchanged (34). Occasionally, when the residual fistula is 
small, the symptoms may improve. For example, in a study of 
20 patients with 21 PMAVFs reported by Phadke et al, NBCA 
was used to successfully treat 16 lesions in 15 patients. There 
were 3 cases with small residual fistulas, but the symptoms 
improved (58). However, if the residual fistulas result in a 
worsening or lack of improvement in neurologic function, 
retreatment is necessary.

9. Conclusion

PMAVFs are rare events with an unclear natural history, and 
it is suggested that asymptomatic PMAVFs are uncommon. 
PMAVFs can be classified according to their hemodynamic 
characteristics, anatomical characteristics and size. The most 
widely used classification method is the type A-C classification 
method proposed by Spetzler et al (23). The classification of 
PMAVFs can inform their treatment and prognosis. The clinical 
characteristics of PMAVFs are unique. They can occur in all 
age groups but are most common in children, where they are 
generally large and exhibit high flow. Most PMAVFs in children 
begin with bleeding and frequently occur in combination with 
rare syndromes, such as HHT. PMAVFs can also be found in 
adults, although these are primarily small and low-flow lesions, 
and most occur following progressive spinal cord dysfunction. 
The treatment of PMAVFs is fairly difficult. Interventional 
embolization or surgical removal treatment can be used or both 
treatments can be used jointly. Most PMAVFs improve after 
treatment, and the treatment outcome is primarily associated 
with the classification of PMAVFs. For types A and B, surgery 
is most often used to close the fistula, whereas for type C 
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high‑flow lesions, interventional embolization treatment is 
most often used. Thus, type C has the best prognosis.
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