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Abstract 

Objective: Spinal dural arteriovenous fistulas (SDAVFs) are rare vascular spinal 

malformations. According to the literature, surgery seems to result in better occlusion rates 

than endovascular treatment. However, the post-treatment evolution of neurological 

symptoms depending on the treatment remains unknown. The main objective of this study 

was to compare the clinical outcome for patients according to the method of treatment.  

Methods: 63 patients with a SDAVFs from 4 academic neurosurgical departments were 

retrospectively included between 2000 and 2017. Preoperative and postoperative examination 

neurological status was assessed by the Aminoff-Logue Scale (ALS) which evaluates gait and 

micturition disturbances. Initial occlusion, late recurrence and complications of the two 

techniques were also reviewed. 

Results: Patients treated by surgery and embolization improved clinically on the ALS (P = 

0.0009) and there were no significant differences between the two techniques. Subgroup 

analysis showed that patients treated by surgery and embolization without late recurrence 

improved on the ALS (P < 0.0001 and P = 0.0334 respectively) and that patients who had a 

surgery or an embolization followed by a late recurrence did not improve. Initial occlusion 

rate was in favour of surgery with 91.3 % versus 70 % for endovascular treatment (P = 

0.050). Late recurrence rate was higher for embolization, 21.4 % versus 9.1 % for surgery (P 

= 0.28). 

Conclusions: Surgery can be proposed as a first-line treatment in SDAVFs after 

multidisciplinary discussion between neurosurgeons and neuroradiologists. Late recurrences 

negatively impact the neurological outcome of patients.  



Introduction 

Spinal dural arteriovenous fistulas (SDAVFs) are rare vascular malformations, yet they 

represent about 80 % of all spinal arteriovenous malformations.1,2 They are also referred to as 

type I spinal arteriovenous malformations.3 They are defined as direct arteriovenous shunts in 

the spinal dura mater between a segmental root artery and a peri-medullary vein.3 The high 

venous pressure leading to chronic hypoxia is presumed to be the cause of clinical 

symptoms.4,5,6 SDAVFs are commonly located at the thoracic and lumbar levels and are 

responsible for progressive myelopathies with progressive sensory and motor deficit of the 

lower limbs associated with sphincter disturbances.4,7 The etiology of SDAVFs is unknown 

but they are presumed to be an acquired pathology mainly affecting middle-aged men.1 There 

is a male predominance with a sex ratio of almost 5:1.1 SDAVFs is considered as a curable 

cause of myelopathy. However, neurological prognosis remains strongly dependent on the 

severity of pre-operative neurologic deficits and duration of symptoms before treatment.8,9,10 

Furthermore, neurological deterioration can occur rapidly and the treatment should be carried 

out with minimum delay once the condition is diagnosed.8,9,10 SDAVFs treatment consists of 

interrupting the shunt between the artery and the vein either surgically or endovascularly. The 

main surgical difficulty is locating the origin of the shunting vein,11 while the challenge of 

endovascular treatment is respecting medullary arteries during the catheterization.12 

Initial failure and late recurrence rates for both treatments have been well studied.13,14 

Recently, Bakker et al. showed the superiority of surgical treatment over endovascular 

treatment in initial occlusion and late recurrence rates in a meta-analysis of 1112 patients 

(initial definitive occlusion in 96.6% in the surgical group versus 72.2% in the embolization 

group and an odd-ratio of 3.15 for late recurrence in favour of surgery).15 Improvement of the 

neurological outcome after embolization and surgery has been shown by several 

studies.11,12,15,16,17 However, comparisons of the neurological outcome between the different 



treatment methods were not assessed and further studies are needed to compare the 

neurological outcome between these two therapies. 

The main objective of this study was to compare the clinical outcome of patients treated 

for a SDAVFs according to the treatment method (i.e. surgical or endovascular). Secondary 

objectives were to compare the failure rate, late recurrence rate and complication rate of the 

two treatments. 

Material and methods 

The STROBE guidelines were used to ensure the correct reporting of this observational 

study.18 

We retrospectively reviewed the medical records of 63 consecutive patients with a 

SDAVFs treated in 4 academic neurosurgical departments (University Hospitals of Rennes, 

Nantes, Caen, Tours) between 2000 and 2017. Inclusion criteria were: patients treated for a 

SDAVFs either surgically or endovascularly. Exclusion criteria were: short term follow up 

(<6 months), SDAVFs that were not treated. Data collection was done by first author from 

June to September 2018. 

Clinical data 

Age at diagnosis, gender, medical history, symptoms and diagnostic delay were 

collected for each patient. The neurological status was assessed using the Aminoff-Logue 

Scale (ALS) (Table 1).7 This scale evaluates gait (G score) and micturition (M score) 

disturbances. Pre-operative ALS (G+M score) and ALS at last medical examination were 

retrospectively calculated. 

Radiological data 



Height of intramedullary hyperintensity on T2-weighted MRI was measured using the 

corresponding number of vertebral bodies. Arterial(s) feeder(s) on spinal arteriography were 

noted for each SDAVFs. 

Treatment 

Treatment method of SDAVFs, initial success of treatment, late recurrence and 

complications were reviewed. Late recurrence was defined as a symptomatic re-opening of 

the fistula after an initial successful exclusion. Multidisciplinary discussion between 

neurosurgeons and neuroradiologists were carried out for 40 patients. The surgical procedure 

consisted in a uni- or bilateral laminectomy centred on the arteriovenous shunt, opening of the 

dura and exclusion of the fistula at the origin of the draining vein. Endovascular treatment 

was excluded if arterial feeders of the SDAVFs were too small to catheterize or if it shared a 

common origin with the artery of Adamkiewicz. Groups were defined by the first successful 

treatment realized for the SDAVF. Patients who had surgery after an initial failed 

embolization attempt were included in the surgical group. Patients who had a failed surgery 

were included in the surgery group for one patient and in the embolization group for the other 

according to the first successful treatment. 

Primary endpoint 

The primary objective of the study was to compare neurological evolution between 

patients initially treated by surgery and those initially treated by embolization. Neurological 

outcome was evaluated by the difference between the pre-treatment ALS and the last 

examination ALS. 

Secondary endpoints 

Secondary endpoints were comparisons of the initial failure rate, the late recurrence rate 

and the complication rate between surgical and endovascular treatment. Further analyses 



compared the clinical evolution assessed by pre-treatment and last examination ALS between 

4 sub-groups of patients: surgery without late recurrence, embolization without late 

recurrence, surgery with late recurrence, embolization with late recurrence. Lastly, an 

intention-to-treat analysis was realized, the clinical outcome was compared between two 

groups according to the first treatment attempted whether it enabled the occlusion of the 

SDAVF or not. 

Statistical analysis 

SAS® v.9.4 (SAS Institute, Cary, NC, USA) was used. Descriptive statistics were used 

for age, gender, delay of diagnosis, height of intramedullary T2 hyperintensity, pre-treatment 

and last examination ALS, length of hospital stay, follow-up time. Differences were 

researched between patients initially treated by surgery or by embolization. Linear mixed 

models were used for the primary objective, for the intention-to-treat analysis and for 

comparisons of subgroups. Comparisons between pre-treatment and last examination ALS for 

each subgroup were made using the Tukey Test. The Chi-square test was used for 

comparisons of initial failure rate and the Fisher test for comparisons of late recurrence rate 

between the surgical and embolization groups. The significance threshold was set at P ≤ 0.05. 

Ethical approval 

This study was reviewed and approved by the ethics committee of our institution 

(Notice n°18.25). 

Results 

Patient characteristics 

The flow chart of the 63 patients (Figure 1) represents the treatment methods, initial 

success/failure and late recurrences.  



A total of 45 surgical procedures were performed: 23 as an initial treatment, 12 after an 

initial failed embolization attempt, 3 after a late recurrence after surgery, 5 after a late 

recurrence after embolization, 2 after a failed surgery. 

A total of 42 endovascular procedures were carried out. There were 12 initial failed 

procedures. 30 resulted in successful embolizations, 28 as an initial treatment, 1 after a late 

recurrence after embolization, 1 after a failed surgery. Successful embolization was defined as 

the closure of the arteriovenous shunt at the end of the procedure. 

Patient characteristics of the surgical and embolization groups are shown in Table 2. 

Comparisons of each variable between the 2 groups were made. Mean follow-up time was 

34.3 months in the embolization group and 21.7 months in the surgery group (no statistical 

difference). Heights of intramedullary T2 hyperintensity were significantly higher in the 

surgery group (P = 0.0023) but there was no significant difference for the pre-treatment 

neurological status assessed by ALS between the two groups. Length of hospital stay was 

significantly shorter in the embolization group (3.9 days versus 9.6; P < 0.0001). 

Clinical outcome of patients treated for a SDAVFs according to the treatment method 

Mean pre-treatment ALS in the surgery group was 5.3 and mean last examination ALS 

was 3.9. Mean pre-treatment ALS in the embolization group was 4.8 and mean last 

examination ALS was 4.1. There was a significant improvement of the ALS between pre-

treatment and last examination ALS (P = 0.0009) but there were no differences in 

improvements between the surgery and embolization groups (P = 0.746). 

Further analyses were made for the G score and the M score. Mean pre-treatment and 

mean last examination G score were respectively 3.6 and 2.5 in the surgery group and 3.2 and 

2.5 in the embolization group. The G score improved significantly in the 2 groups of 

treatment (P < 0.0001) but there was no difference when the 2 treatments were compared (P = 



0.450). Mean pre-treatment and mean last examination M score were respectively 1.6 and 1.4 

in the surgery group and 1.5 and 1.3 in the embolization group. M score did not improve 

significantly after the treatment either in the surgery or embolization group and there was no 

difference between the 2 groups of treatment (P = 0.104 and P = 0.611, respectively). 

Intention to treat analysis 

 There were no significant differences in clinical improvement between groups when 

we compared the 40 patients for whom an embolization was attempted to the 23 patients for 

whom a surgery was attempted. 

Comparisons of clinical outcome for patient subgroups according to late recurrences 

Comparisons were made between 4 patient subgroups: patients treated by surgery 

without late recurrence, embolization without late recurrence, surgery with late recurrence, 

embolization with late recurrence (Table 3). 

Patients with late recurrence had not clinically improved on the ALS when the pre-

treatment ALS and last examination ALS were compared. ALS and G score had significantly 

improved in patients treated by surgery and embolization without late recurrence, M score had 

significantly improved in patients treated by embolization without late recurrence. 

The clinical and radiological characteristics of patients with late recurrence are shown in 

Table 4. The recurrence was diagnosed after a spinal arteriography. The neurological 

symptoms worsened for 3 patients after the initial treatment, there was an initial improvement 

for 3 patients and stability for 4 patients. The recurrence was caused by recanalization of the 

same SDAVF for 8 patients (7 after an embolization, one after a surgical procedure). The 

recurrence was caused by a new SDAVF for 2 patients initially treated by surgery. For 2 

patients, the definitive occlusion of the SDAVF was not performed: therapeutic abstention 



was decided on after discussion between neurosurgeons and neuroradiologists because of the 

general condition of the patient (patients 8 and 10). 

Initial failure rate, late recurrence rate and complications of surgery and embolization 

An initial failure occurred in 14 patients out of 63: 12/40 when initial embolization was 

attempted (30 %), 2/23 when initial surgery was attempted (8.7 %) (Chi-square test, P = 

0.050). Failure of embolization was caused by the impossibility of performing a selective 

catheterization of the arterial feeders of the SDAVF for the 12 patients. Failure of surgery was 

caused by an error of vertebral level in the 2 patients. A late recurrence occurred in 6 patients 

out of 28 after successful embolization (21.4 %) and in 3 patients out of 33 after a successful 

surgical procedure (9.1%) (no significant difference, Fisher test P = 0.28). One patient had a 

recurrence after both treatments.  

A total of 45 surgical procedures were performed with 4 complications (8,9 %): epidural 

hematoma in 2 cases, cerebrospinal fluid leakage in 1 case and post-operative wound 

infection in 1 case. A revision surgery was necessary for all 4 patients. A patient with an 

epidural hematoma had a worsening of neurological symptoms which persisted until last 

examination (severe complication rate of 2.2 %). The other patients had no permanent 

worsening of symptoms. A total of 42 endovascular procedures were performed, one 

complication occurred (2.4 %): a medullary ischemia responsible for a permanent worsening 

of the neurological symptoms. 

Discussion 

Comparisons of clinical evolution between surgery and embolization showed no 

statistical differences with an improvement in both groups after treatment. Recurrence of the 

SDAVF was a factor of poor prognosis: patients treated by surgery or embolization without 

late recurrence showed a clinical improvement whereas those who had a late recurrence did 



not. Indeed, late recurrence and iterative treatments cause a therapeutic delay leading to a 

worsening of the symptoms.  

Our study also showed that surgery was superior to embolization when considering the 

initial occlusion rate (91.3 % versus 70 %) and late recurrence rate (9.1 % versus 21.4 %). 

The overall re-operation rate was 14.3% after initial surgery and 45% after initial 

embolization. This finding is consistent with the previous literature. A recent meta-analysis 

observed an initial definitive occlusion in 96.6% in the surgical group versus 72.2% in the 

embolization group (P < 0.001) and an odd-ratio of 3.15 for late recurrence in favour of 

surgery.15 However, this meta-analysis included few studies comparing surgery and 

embolization and, in most cases, comparative studies included few patients (mean of 37 

patients). Two comparative studies included a large number of patients. In 2010, Hessler et 

al.19 reported the initial exclusion rate of 156 SDAVFs from 1980 to 2008. They found an 

initial failure rate of 8/54 for surgery and 21/102 for embolization. The mean follow-up was 

short (4.6 months) and late recurrence rate was not assessed. In 2013, Kirsch et al.12 published 

a study of 78 patients with a SDAVFs treated from 1992 to 2012, the endovascular treatment 

being attempted for all patients if possible. Sixty-one were actually embolized with a 23 % 

failure rate and one patient had spinal ischemia causing permanent paraparesis. The 

previously cited studies included patients treated before 2000. Since then, embolization 

technique has improved and occlusion rates are better with the use of liquid embolization 

agents.12-15,19 However, our study included patients treated recently between 2000 and 2017, 

and surgical treatment was still superior to embolization. 

These results suggest that surgery could be proposed as a first-line treatment because it 

appears to be more efficient than embolization in achieving a permanent occlusion using a 

single procedure. Indeed, embolization has a higher late recurrence rate than surgery and we 

showed that patients with a recurrence had a worse neurological prognosis. 



Pre-treatment intramedullary T2 hyperintensity was different between the surgery and 

embolization groups, 6.9 and 5 vertebral bodies, respectively. However, there was no 

statistical difference of pre-operative ALS between surgery and embolization so this imaging 

difference had no clinical significance.  

In our study, one complication occurred in the embolization group with a medullary 

ischemia (complication rate of 2.4%). Four complications occurred in the surgery group: 2 

epidural hematomas, 1 infection, 1 CSF leakage. The overall complication rate was 8.9 % 

which was higher than that of other studies.8,17 However, when considering severe 

complications that caused a permanent neurological worsening, these concerned one patient in 

the surgery group (severe complication rate of 2.2 %) and one in the embolization group 

(severe complication rate of 2.4 %). Therefore, complication rate should not present an 

obstacle for the choice of surgery. 

 The main surgical difficulty is localizing the origin of the draining vein as the 

remainder of the surgical procedure is straightforward. Surgical technique has improved in 

recent years, which has raised the occlusion rate and decreased the risk of complications. 

Operating microscopes have been perfected with fluorescence modules. The use of 

indocyanine green or fluorescein has been proved to be useful in vascular neurosurgery.20-22 

They can be used in the same way for confirmation of the angioarchitecture of the SDAVFs 

and to verify its occlusion at the end of the procedure.23,24 Furthermore, some authors have 

reported that pre-operative identification of the level of the SDAVF can be carried out by 

placing a coil in the feeding artery during the pre-operative spinal arteriography. This 

technique appears to decrease the risk of error of vertebral level.25 Finally, mini-invasive 

technique with limited surgical exposure could reduce the risk of infection and decrease the 

length of hospital stay.26 



 Our study has some limitations. The patient sample was small due to the rarity of this 

pathology. For this reason, we did not compare recurrence rates of each embolization agents 

because this would have implied comparing small subgroups of patients. However, to date, it 

is one of the larger comparative studies in the literature. Our clinical endpoint (ALS) was 

calculated retrospectively which was a potential bias, however the ALS is simple and easy to 

use retrospectively.  

Conclusions 

The clinical outcome for patients is highly dependent on the severity of pre-treatment 

neurological deficits, so the delay between the suspicion of SDAVFs and effective treatment 

should be minimal. A failed embolization or surgery attempt or a late recurrence could extend 

this delay and have a negative impact on the neurological outcome for patients. Surgery may 

be proposed as a first-line treatment in SDAVFs after multidisciplinary discussion between 

neurosurgeons and neuroradiologists because of a higher initial occlusion rate, a lower late 

recurrence rate and no added severe morbidity. 
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Figure 1. Flow chart of the 63 patients treated for a SDAVFs 



Table 1. Aminoff-Logue Scale
7 

Gait (G) Micturition (M) 

G0 Normal M0 Normal 

G1 Leg weakness, abnormal gait or stance, 

but no restriction of activity 

M1 Hesitancy, frequency, urgency 

G2 Restricted activity M2 Occasional urinary incontinence or 

retention 

G3 Requiring one stick for walking M3 Total incontinence or persistent 

retention 

G4 Requiring two sticks, crutches or walker  

G5 Confined to wheelchair  

G Score M score 

G+M score 

 

  



Table 2. Comparisons of variables between surgery and embolization groups 

Variables 
Embolization (29 patients) 

Mean ± SD 

Surgery (34 patients) 

Mean ± SD 
P 

Age 63.0 ± 9.2 65.7 ± 9.1 0.247 (S)
 

Sex                            Female 

Male 

10 (34.5 %) 

19 (65.5 %) 

5 (14.7 %) 

29 (85.3 %) 

0.0662 (K) 

Delay of diagnosis (months) 14.4 ± 12.3 16.0 ± 15.5 0.872 (W) 

Height of T2 hyperintensity 5.0 ± 2.3 * 6.9 ± 2.2 * 0.0023* (S) 

Pre-treatment G+M score 4.8 ± 2.3 5.3 ± 2.2 0.380 (S) 

Pre-treatment G score 3.2 ± 1.5 3.6 ± 1.5 0.261 (W) 

Pre-treatment M score 1.5 ± 1.1 1.6 ± 1.2 0.781 (S) 

Last follow-up G+M score 4.1 ± 2.5 3.9 ± 2.6 0.810 (S) 

Last follow-up G score 2.5 ± 1.7 2.5 ± 1.7 0.882 (S) 

Last follow-up M score 1.3 ± 1.1 1.4 ± 1.3 0.538 (S) 

Length of hospital stay 

(days) 

3.9 ± 3.1 * 9.6 ± 7.3 * <0.0001* 

(W) 

Follow-up time (months) 34.3 ± 32.6 21.7 ± 25.1 0.0908 (W) 

* statistical significance at P < 0.05 

SD: Standard deviation; S: Student test; K: Chi-square test; W: Wilcoxon-Mann-Whitney test 

 

 

  



Table 3. Improvement on ALS, G score and M score for each subgroup using 

Tukey Test 

Subgroup 

Improvement on 

ALS 

P value 

Improvement on 

G score  

P value 

Improvement on 

M score  

P value 

Surgery without 

late recurrence 

1.733 * 

P < 0.0001 

1.367 * 

P < 0.0001 

0.367 

P = 0.052 

Embolization 

without late 

recurrence 

1.048 * 

P = 0.0334 

0.952 * 

P = 0.0009 

0.476 * 

P = 0.035 

Surgery with late 

recurrence 

-1.000 

P = 0.526 

1.11E-16 

P = 1.000 

-1.000 

P = 0.169 

Embolization 

with late 

recurrence 

-0.778 

P = 0.297 

-0.222 

P = 0.601 

-0.556 

P = 0.106 

* statistical significance at P < 0.05 

  



Table 4. Clinical and radiological characteristics of patients with a late recurrence  

Patient, 

Age, 

Gender 

Comorbidity 
Initial 

ALS† 

Arterial 

feeder(s) 

Initial treatment/ 

Success or failure 

Clinical 

evolution 

Diagnostic delay of 

recurrence (months) 

Cause of 

recurrence 

Last 

examination 

ALS† 

1/ 69, 

Female 
0 3 (3/0) 

Left T7 and 

left T8  

Embolization/ 

Success 
Stability 2 Recanalization 3 (3/0) 

2/ 70, 

Male 

Arteritis, bipolar disorder, prostatic 

adenocarcinoma  
6 (4/2) Left T12 

Embolization/ 

Success 

Improvement 

(ALS 4) 
12 Recanalization 6 (3/3) 

3/ 64, 

Female 
Spina bifida 6 (5/1) Left L4 

Embolization/ 

Success 
Stability 3 Recanalization 7 (5/2) 

4/ 63, 

Male 
Active smoking 3 (1/2) Right T6 

Embolization/ 

Success 

Worsening 

(ALS 6) 
6 Recanalization 3 (2/1) 

5/ 62, 

Female 
0 7 (5/2) Right T11 

Embolization/ 

Success 
Stability 3 Recanalization 5 (4/1) 

6/ 62, 

Female 
0 4 (3/1) Left T8 

Embolization/ 

Success 

Worsening 

(ALS 7) 
2 Recanalization 7 (4/3) 

7/ 64, 

Male 
Type 2 diabetes, high blood pressure 2 (2/0) Left T12 

Embolization/ 

Failure, treated by 

surgery 

Worsening 

(ALS 6) 
4 Recanalization 5 (2/3) 

8/ 80, 

Male * 

Chronic obstructive pulmonary disease, 

high blood pressure, dyslipidaemia 
7 (4/3) Left T10 

Embolization/ 

Failure, treated by 

surgery 

Improvement 

(ALS 5) 
5 

New SDAVF  

Left T9 
8 (5/3) 

9/ 59, 

Male 
High blood pressure 8 (5/3) Right L1 

Surgery/ 

Success 

Improvement 

(ALS 4) 
14 

New SDAVF  

Left T0 
3 (1/2) 

10/ 53, 

Male * 
Myocardial infarction 0 Right T10 

Surgery/ 

Failure, treated by 

embolization 

Stability 19 Recanalization 8 (5/3) 

* patients for whom SDAVF was not efficiently occluded at the end of the follow up; † ALS corresponds to the G+M score (G score/M score) 




