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ABSTRACT
Background Spinal arteriovenous fistulas (SAVFs) are 
challenging lesions to treat by endovascular means. Our 
purpose was to report our early experience with dual 
lumen balloons (DLBs) for embolization of SAVFs using 
ethylene vinyl alcohol (EVOH) (the so- called ’balloon 
pressure technique’ (BPT)).
Materials and methods During the inclusion period, 
10 consecutive patients (nine men, mean age 61.6 
years) underwent endovascular treatment of a SAVF 
(seven dural SAVFs and three epidural SAVFs) at a 
single institution using the BPT. DLBs were used in all 
cases. In seven cases (70%), a regular DLB was used, 
while in three cases (30%), low profile DLBs were used. 
EVOH was used as the liquid embolic agent in all cases. 
Technical and clinical complications were systematically 
recorded. Clinical and angiographic outcomes were 
systematically evaluated more than 3 months after the 
procedure.
Results Complete cure of the SAVF by endovascular 
means alone was obtained in 80% of cases (8/10). For 
the two patients with incomplete SAVF occlusion, surgery 
was successfully performed secondarily. No recurrence 
was found at the 3 month follow- up in the eight patients 
for whom complete occlusion was obtained at the end 
of the embolization procedure. No permanent clinical 
complication was recorded using the BPT. Clinical 
improvement was observed in 6/10 (60%) cases.
Conclusion BPT was a feasible technique, with regular 
or low profile DLBs, for embolization of SAVFs. Our 
preliminary results suggest the safety and effectiveness 
of this technique.

INTRODUCTION
Spinal vascular malformations (SVMs) are complex 
vascular lesions which correspond to an abnormal 
connection(s) between the dural or pial spinal 
artery(ies) and spinal vein(s),1 leading to engorge-
ment of normal spinal venous drainage. These 
SVMs may be responsible for severe neurolog-
ical deficits, with a large impact on quality of life. 
They comprise mainly spinal arteriovenous fistulas 
(SAVFs): pial SAVFs, dural SAVFs (dSAVFs), and 
epidural SAVFs (eSAVFs)).2 Surgical excision is 
the standard treatment of such SAVFs. The rate of 
complete occlusion with surgery has been reported 
to be 96.3–100%.3 More recently, endovascular 
embolization, by means of glue or ethylene vinyl 
alcohol (EVOH), has gained acceptance for the 

treatment of SAVFs,4 especially for older patients 
with poor general health.

However, the main drawback of endovascular 
treatment is the risk of incomplete occlusion or 
recurrence of the arteriovenous (AV) shunt, which 
may be observed in 40% of cases, potentially 
leading to clinical worsening.3 It has been shown 
that acrylic glue (n- butyl cyano- acrylate (nBCA)) 
has better results than EVOH in terms of perma-
nent shunt occlusion.

New endovascular strategies, such as the pressure 
cooker technique, have been described in the past 
years,5 which may increase the chance of definitive 
occlusion of the AV shunt by enhancing penetration 
of the liquid embolic agent using a proximal plug. 
However, this technique may be technically chal-
lenging, sometimes requiring 2 guiding catheters, and 
thus 2 arterial accesses. Embolization with EVOH 
using a dual lumen balloon (DLB), by injecting the 
liquid embolic agent via the working lumen, under 
balloon inflation (the so- called 'balloon pressure 
technique' (BPT)) has recently been described in case 
reports, with promising results.6 7 However, data on 
the safety and effectiveness of this technique in large 
groups of patients are lacking. Our objective was to 
report our early experience of the BPT, focusing on 
safety and occlusion rate.

MATERIALS AND METHODS
Patient selection
All patients treated for a SAVF at a single institu-
tion (Pitié-Salpêtrière Hospital, Paris, France) from 
January 2020 to September 2021 by endovascular 
means were systematically reviewed. Patient demo-
graphics (age and sex) as well as clinically revealing 
symptoms and the time interval between symptom 
onset and endovascular treatment were systemati-
cally recorded.

Clinical evaluation
A pretreatment clinical examination was system-
atically performed by a neurologist, who was 
not directly involved in the endovascular treat-
ment. Clinical symptoms, as well as time between 
symptom appearance and SAVF diagnosis, were 
systematically recorded. Symptom severity was 
evaluated with the Aminoff–Logue scale.8

Pretreatment imaging work-up
All patients underwent spinal cord MRI with 
contrast enhanced time resolved MR angiography, 
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and intra- aortic CT angiography, according to our local protocol 
previously published elsewhere.9 A full spinal DSA was carried 
out, including four- dimensional DSA10 and three- dimensional 
rotational acquisition with analysis using maximum intensity 
projection reconstructions.

Endovascular procedures
All patients were treated under general anesthesia, in a biplane 
angiosuite (Siemens Artis Q biplane, Siemens Healthcare, Forch-
heim, Germany), via 5 F or 6 F femoral access, under full intra-
venous anticoagulation. For patients treated with regular DLBs, 
a supple guiding 6 F catheter (Chaperon (Microvention, Tustin, 
California, USA) or Benchmark (Penumbra, Alameda, Cali-
fornia, USA)) was used after an exchange maneuver with a 0.035 
inch exchange guidewire. Among the seven patients treated 
with regular DLBs, five (83,3%) were treated with a Scepter 
C balloon (Microvention) and two (16.7%) with an Eclipse 
2 L (Balt, Montmorency, France). Coiling of the intercostal/
muscular and dorsal divisions of the intersegmental artery was 
performed through the working lumen of the DLB. Such coiling 
was performed to reduce the risk of EVOH reflux through anas-
tomoses, that may lead to trapping of the DLB. Then, the distal 
aspect of the regular DLB was positioned as closed as possible 
to the shunt (in the spinal branch of the dorso- spinal trunk, or if 
the latter was too small, in the dorso- spinal trunk itself). Then, 
EVOH was injected via the working lumen of the DLB, under 
balloon inflation, until the origin of the draining vein was filled 
(figures 1 and 2).

In patients treated with low profile DLBs (LP- DLBs, Scepter 
Mini, Microvention), a 5 F guiding catheter was used (Cobra 
small or Simmons catheter, depending on the anatomy). Then, 
the main trunk and the dorsal trunk were coiled using a 0.017 
inch microcatheter. Finally, the LP- DLB was navigated toward 
the fistula, in the spinal trunk, and EVOH was injected while 
the balloon was inflated, under blank roadmap, via the working 
lumen of the balloon. The liquid embolic agent was injected until 
the origin of the main draining vein was filled (figure 3).

Feasibility and safety
Technical failures and complications were systematically 
recorded. The ability of the DLB/LP- DLB to navigate toward 
the dorso- spinal trunk or in the spinal trunk was systematically 
assessed. Clinical complications were systematically assessed 
and graded using the CIRSE and SIR complication guidelines.11

Briefly, this classification is a six scale grading system eval-
uating the severity of the complication: grade 3=a complica-
tion requiring additional postprocedure therapy or prolonged 
hospital stay (48 hours) but with no sequelae; grade 4=a compli-
cation causing permanent mild sequelae; and grade 5=a compli-
cation causing permanent severe sequela.

Clinical and imaging follow-up
Clinical examination was performed 3 months or more after 
the procedure, in most cases by the operator who performed 
the procedure. All patients had a 3 month control spinal MRI, 
including at least a T2 and a contrast enhanced T1 acquisition. 

Figure 1 Summary of the different steps of the balloon pressure technique using a regular dual lumen balloon (DLB). (A) Navigation and positioning 
of the DLB in the intercostal/muscular division of the intersegmental artery. (B, C) Occlusion of the intercostal/muscular division by coils, through the 
working lumen of the DLB. (D) Navigation and positioning of the DLB in the dorsal branch of the dorso- spinal trunk. (E, F) Coiling of the dorsal branch 
through the working lumen of the DLB. (G) Navigation and positioning of the DLB in the spinal branch of the dorso- spinal trunk. (H, I) Injection of 
ethylene vinyl alcohol through the working lumen of the DLB, under balloon inflation, until occlusion of the main draining vein.
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On follow- up MRI, the evolution of the spinal cord edema, as 
well as the persistence of perimedullary abnormal vessels, was 
evaluated. Spinal DSA was performed systematically at ≥3 
months to rule out SAVF recurrence.

Statistical analysis
Data are reported as mean±SD for continuous variables and 
median (IQR) for non- continuous variables. All tests were calcu-
lated using Stata software (Stata/IC 13.1 for Mac; StataCorp 
LP); p values <0.05 were considered statistically significant.

RESULTS
Patient demographics
A total of 13 patients were consecutively treated for a SAVF 
during the inclusion period in our institution. Among these 
patients, 10 (76.9%; nine men (90%), mean age 61.6±11.6 
years) were treated endovascularly for a dSAVF or eSAVF using 
the BPT. Two patients were treated surgically as first line treat-
ment for a dSAVF because a radiculomedullary artery (feeding 
the posterior or the anterior spinal artery) was arising at the 
same level as the fistula. One patient was endovascularly treated 
for a pial SAVF (figure 4). Thus 10 consecutive patients were 
proposed for embolization using the BPT.

All patients presented with gait disturbance. Seven of the 10 
patients (70%) had inferior limb motor deficit; 80% (8/10) had 
sensory symptoms involving the inferior limbs and 7/8 (87.5%) 
had genitourinary symptoms. Median pretreatment global 
Aminoff–Logue score was 5.5 (IQR 4.25–6.5). Median Aminoff–
Logue score for gait disturbance was 3.5 (IQR 2.5–4.25) and 
for genitourinary disturbance was 2 (IQR 1.75–3). Average time 
interval between symptom onset and proven diagnosis by DSA 
was 22.1±19.3 months (range 0–60) (table 1). Of note, one 
patient (patient No 1) has previously been reported as a tech-
nical video.12

Angiographic features of the SAVF
Most of the SAVFs were dSAVFs (7/10; 70%). The three 
remaining patients (30%) had an eSAVFs. In most cases (8/10, 
80%), the SAVF was fed by dural branches from a single interseg-
mental artery. In the remaining two cases (20%), two interseg-
mental arteries gave feeders to the SAVF (patient Nos 7 and 9). 
Venous drainage was ascending in six cases (60%), descending 
in one case (10%), and mixed ascending and descending in the 
remaining three cases (30%). In two cases (20%), a radiculomed-
ullary artery feeding the anterior spinal artery was seen contra-
lateral to the feeders of the fistulas. Coiling of the retrocorporeal 

Figure 2 Illustrative case No 1. A patient in their 70s, presenting with progressive paraparesis. (A) Sagittal T2 weighted image showing edema 
involving the lower aspect of the spinal cord (arrowheads), associated with dilated perimedullary vessels (arrows). (B and video 1) Left L2 DSA in 
posteroanterior (PA) projection, showing an epidural arteriovenous fistula fed by dural branches (black arrow). The shunt point involves the left aspect 
of the anterior epidural plexus (*), with reflux into a radicular vein (white arrows), secondarily contaminating the normal spinal venous drainage. 
(C) Exchange maneuver with a 300 cm 0.0035 inch exchange guide wire. A 6 F Benchmark (Penumbra, Alameda, California, USA) was secondarily 
navigated over the exchange guidewire. Then, a Scepter C 4×10 (Microvention) was navigated over a 0.014 inch microguidewire in the main trunk 
of the left L2 artery. (D) Coiling of the lateral muscular division of the left L2 artery, followed by the dorsal branch of the dorso- spinal trunk. (Video 2) 
Ultraselective injection of contrast material through the working lumen of the dual lumen balloon, under balloon inflation, showing the dural 
feeders to the fistula, as well as the shunt point along the left aspect of the anterior epidural plexus. (Video 3) A total of 2 mL of Onyx- 18 (Medtronic, 
Irvine, California, USA) were injected under balloon inflation, under blank roadmap, during 20 min, leading to complete occlusion of the fistula, with 
satisfactory filing of the origin of the main draining vein. (E) Control DSA in PA projection showing complete occlusion of the spinal arteriovenous 
fistula. Control DSA performed at 1 year showed no arteriovenous fistula recurrence (not presented).
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anastomosis was performed to avoid any inopportune migration 
of the liquid embolic agent toward these eloquent feeders.

Feasibility and safety
The tip of the dual lumen balloon (either regular or low- profile) 
could be navigated and positioned in the spinal trunk, after 
coiling of the collateral branches, in half of the cases (5/10). In 
40% of the cases (4/10), the balloon could only be positioned 
in the dorso- spinal trunk, due to tortuosities. In one (10%) case 
(patient No 9), failure of balloon navigation was recorded. In 
this case, the ostium of the intersegmental artery feeding the 
SAVF was occluded at its origin due to atheroma. The operator 

tried to navigate a regular DLB (a LP- DLB was not available for 
the intervention) through a longitudinal anastomosis from the 
lower intersegmental artery, but failed. Embolization using a 
regular 1.3 F detachable tip microcatheter was performed, but 
failed to fill the origin of the main draining vein. A second embo-
lization session was performed through a feeder from the level 
above with glue, but failed to occlude the main draining vein. 
Finally, the patient underwent surgery with successful exclusion 
of the fistula.

One technical complication was recorded which consisted 
of occlusion of the working lumen of the DLB during Onyx 
injection (patient No 4). The DLB was removed and changed 
for another DLB. Embolization was successfully carried out 
uneventfully. No other technical complication was reported. No 
permanent clinical complications were observed. Two patients 
(patient Nos 5 and 9) presented a transient worsening of their 
symptoms (worsening of inferior limb motor deficit, and of leg 
pain, respectively, grade 2 in the CIRSE and SIR complication 
grading scale).11

Immediate angiographic outcome and angiographic follow-up
Two cases (20%) of failure of AV shunt occlusion were reported. 
In the first case (patient No 7), retrograde and distant migration 
of EVOH in a non- target artery toward the aorta was depicted 
during embolization that prompted the operator to stop the 
injection despite non- occlusion of the origin of the main draining 
vein. In the second case (patient No 9), failure of navigation 
of the regular DLB was recorded. These two patients were the 
only ones for whom feeders arose from different levels. In the 
eight remaining cases (80%), complete occlusion was obtained 
at the end of the procedure, with filing of the origin of the 
main draining vein, and remained at ≥3 months angiographic 
follow- up.

Clinical and MRI follow-up
Mean time interval between embolization or surgery and clin-
ical follow- up was 5.85±4.2 months. Clinical improvement was 
reported in 6/10 patients (60%); the remaining four patients 
were stable (40%). Median follow- up global Aminoff–Logue 
score was 3.5 (IQR 2–3). Median Aminoff–Logue score for gait 

Video 1 

Video 2 

Video 3 
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disturbance was 1.5 (IQR 1–2) and for genitourinary disturbance 
was 1.5 (IQR 1–2). Control MRI was performed in all cases, with 
a time interval between embolization or surgery and imaging of 
3.7±1.5 months. In four cases (40%), complete disappearance 
of the hyperintense signal was observed; partial regression was 
seen in four cases (40%), while the signal abnormalities remained 
stable in the two remaining cases (20%).

DISCUSSION
The main advantage of endovascular embolization of SAVFs 
is the mini- invasive characteristic, which may be suitable for 
older patients with comorbidities. Additionally, embolization is 
performed in the supine position, in contrast with surgery which 
is performed in the prone position. Thus surgery may be more 

dangerous in obese patients for whom general anesthesia in the 
prone position is more difficult and riskier.

The main limitations of endovascular embolization are the 
significant failure rate and the higher risk of recurrence, despite 
initial occlusion, compared with open surgery (as high as 
40% of cases).3 Additionally, a review of the literature shows 
that nBCA seems to be more efficient than EVOH for treating 
SAVFs. According to a recent meta- analysis,3 the OR in favor of 
complete and definitive occlusion of nBCA over EVOH was 3.87 
(CI 1.73 to 8.68, p<0.001). The main risk when using EVOH 
is proximal reflux of the liquid embolic agent toward the aorta, 
that may prompt the operator to stop the EVOH injection. To 
overcome this limitation, the pressure cooker technique, initially 
developed for intracranial embolization13 and recently adapted 

Figure 3 Illustrative case No 2. A patient in their 60s, presenting with progressive paraparesis. (A) Sagittal T2 weighted image, showing edema 
involving the central aspect of the spinal cord (arrowheads), associated with flow voids surrounding the spinal cord (white arrows). (B, C) Imaging 
findings from the intra- aortic CT angiography (IA- CTA). (B) Axial slice and (C) coronal maximum intensity projection (MIP) reconstruction 
demonstrating the shunt point in the right L2–3 intervertebral foramen (white arrows). (D) Right L2 selective DSA in posteroanterior (PA) projection 
and (E) coronal MIP reconstruction from the four- dimensional DSA acquisition, confirming the presence of an epidural arteriovenous fistula fed by 
dural branches from the right L2 (black arrow), with a shunt point located along the right aspect of the anterior epidural plexus (*) and ascending 
venous drainage through a radicular vein, secondarily contaminating the normal spinal cord venous drainage. (Video 4) Exchange maneuver from a 
5 F Cobra small catheter (Terumo, Tokyo, Japan) to a 6 F Chaperon guiding catheter (Microvention). (F) DSA run in PA projection from the Chaperon 
catheter showing more precisely the epidural arteriovenous fistula, fed by dural branches from the spinal trunk (black arrow) and the shunt point (*). 
Note the opacification of the contralateral left L2 lumbar artery, through a retrocorporeal anastomosis (black arrowheads). (G, H) Snapshots from 
the roadmap during embolization of the fistula. (G) Navigation of a Scepter mini (Microvention) low profile dual lumen balloon over a 0.007 inch 
microguide wire. (H) In parallel, through the same guiding catheter, a Headway Duo microcatheter was navigated in the retrocorporeal anastomosis 
and subsequent coiling was performed (black arrowheads) to avoid inopportune migration of the liquid embolic agent in the contralateral left L2 
lumbar artery. White arrow: distal marker of the Scepter Mini balloon; double white arrow: proximal marker. (Video 5) A total of 1 mL of Onyx- 18 was 
injected during 12 min through the working lumen of the Scepter Mini, under balloon inflation, allowing good penetration of ethylene vinyl alcohol 
and satisfactory filing of the origin of the main draining vein. (I) Control DSA in PA projection at the end of the procedure, confirming occlusion of the 
fistula. Control DSA performed at 3 months showed no arteriovenous fistula recurrence (not presented).
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for embolization of SAVFs,5 has recently shown its potential for 
complete and definitive cure of such spinal vascular malforma-
tions. However, the main drawbacks of this technique are that 
it may be challenging, time consuming, and may requires two 
arterial accesses. To overcome this limitation, the use of DLBs, 
which have been in use for a long time for embolization of intra-
cranial AVFs,14 could be a good option to simulate the proximal 
plug by inflating the balloon while injecting the liquid embolic 
agent through the working lumen. Several case reports have been 
published showing the potential of this technique.6 7 However, 
a case series evaluating the safety and effectiveness of the BPT 
is lacking.

Our study showed the feasibility of the BPT for endovascular 
treatment of SAVFs. In one case (10%), which was retrospectively 

a poor candidate for the BPT, the DLB (Eclipe 2 L) could not be 
navigated through a longitudinal anastomosis in a case of dSAVF 
with occlusion at its origin of the intersegmental artery mainly 
feeding the fistula. Additionally, when the vessels feeding the 
SAVF are tortuous, low- profile dual lumen balloons may effi-
ciently be used to reach distal position. Indeed, their low- profile 
design as well as their small size may facilitate the navigation 
toward distal vessels, especially when the guiding catheter is not 
stable. Our series also suggested the safety of the BPT; no clinical 
permanent complications were recorded. Only two cases of tran-
sient exacerbation of the neurological deficit were found (motor 
and sensitive symptoms, respectively). However, it is important 
to note that the main risk of the BPT, and of embolization from 
a general point of view, is the non- controlled embolic agent 
migration into a radiculomedullary artery, potentially leading 
to neurologic complications with severe clinical consequences. 
This risk may be increased by motion artifacts due to breathing 
or bowel peristalsis, which may hinder the visualization of the 
progression of the embolic agent under blank road map.

Thus a radiculomedullary artery arising close to the feeders 
of the fistula represents a contraindication for embolization in 
general, and BPT in particular. When a radiculomedullary artery 
arises contralaterally to the feeders of the SAVF, great attention 
should be paid to retrocorporeal anastomoses, in which EVOH 
may promptly migrate toward the radiculomedullary artery. To 
prevent such uncontrolled migration of EVOH, prior coiling of 
this anastomosis may be an option to enhance the safety of BPT. 
Such coiling was performed in two cases (20%) in our series 
(patient Nos 1 and 8) (figure 3).

Complete occlusion of the SAVF was observed in 80% of cases 
in our series, which is within the range of previous data reported 
in the literature. The rate of delayed recurrence was nil in our 
series; it has been reported as frequently as in 66% of cases after 
embolization of SAVFs.15 16 Failure of embolization to cure the 
SAVF with the BPT was observed in only two cases (20%) in 
which feeders at multiple levels were supplying the fistula. A 
recent case series17 on embolization of SAVFs with nBCA showed 
the same results, with a lower rate of complete and definitive 
occlusion of the SAVF when the angioarchitecture comprised 
multiple level feeders. Our results, and the recent literature on 
the topic, may suggest that such anatomical configuration may 

Video 4 

Video 5 

Figure 4 Recruitment flowchart. AVF, arteriovenous fistula; SVM, 
spinal vascular malformation; pSAVF, pial spinal arteriovenous fistula; 
EVT, endovascular treatment; dSAVF, dural spinal arteriovenous fistula; 
eSAVF, epidural spinal arteriovenous fistula; BPT, balloon pressure 
technique; SAVF, spinal arteriovenous fistula. *Cases treated by surgery 
as first line treatment.
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represent poor candidates for endovascular embolization, what-
ever the liquid embolic agent used.

Limitations
The main limitations of our study are its retrospective and 
monocenter design, and the fact that the center in which the 
fistulas were treated is an experienced centre in the management 
of SAVFs. Additionally, comparison with the standard treatment 
(ie, microsurgery) for the exclusion treatment of SVMs using the 
BPT is lacking. Of note, different tools were used to perform 
the BPT: regular DLBs or LP- DLBs. The choice depended on 
the availability of the device and was left to the discretion of the 
operator. From a general point of view, LP- DLBs were preferred 
for tortuous vessels. Moreover, the SVMs treated in our series 
were heterogeneous (mix of eSAVFs and dSAVFs). Finally, long 
term follow- up is lacking which may lead to missing late SAVF 
recurrences.

CONCLUSION
BPT is a simple and straightforward strategy which seems prom-
ising for the treatment of SAVFs by endovascular means. It may 
increase the occlusion rate of SAVFs cured by EVOH. Further 
studies comparing this technique with the standard treatment 
(ie, microsurgery) are warranted to confirm these preliminary 
results.
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Table 1 Procedural characteristics; clinical and angiographic outcomes

Patient No
No of sessions 
E° LEA Balloon type Clinical complication Clinical outcome Cure after BPT

Additional
surgery

Cure at late 
follow- up

1 1 Onyx- 18 Scepter mini – Improvement Yes No Yes

2 1 Onyx- 18 Eclipse DL 6×12 – Improvement Yes No Yes

3 1 Onyx- 18 Scepter C 4×10 – Stable Yes No Yes

4 1 Onyx- 18 Scepter C 4×15 – Stable Yes No Yes

5 1 Onyx- 18 Scepter C 4×10 Mild increase in motor deficit inferior 
limbs

Stable Yes No Yes

6 1 Onyx- 18 Scepter C 4×15 – Improvement Yes No Yes

7 1 Onyx- 18 Scepter C 4×10 – Improvement No Yes Yes

8 1 Onyx- 18 Scepter mini – Improvement Yes No Yes

9 2 Onyx- 18 Eclipse DL 6×7 Mild increase in leg pain Stable No Yes Yes

10 1 Onyx- 18 Scepter mini – Improvement Yes No Yes

BPT, balloon pressure technique; E°, Embolization; LEA, liquid embolic agent.
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