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Abstract: Spinal dural arterio-venous fistulas (SDAVF) are rare vascular pathologies. Degree of
symptom improvement after surgery remains unclear. We evaluated surgically treated SDAVF patients
for functional outcome and symptom improvement. Retrospective inclusion of consecutive patients
treated surgically in our department between 2007-2019. We measured functional outcome using
the McCormick Scale and modified Japanese Orthopaedic Association (mJOA) score. We included
27 patients with a median follow-up of 8.8 months (IQR 27.8). Mean age was 61.8 years (SD 8.4),
40.7% were female. Most frequent location was the thoracic spine in 15 (55.6%) followed by lumbar
in 8 (29.6%), cervical in 3 (11.1%) and sacral spine in one patient (3.7%). Most common presenting
symptom was progressive myelopathy (24/27 patients, 88.9%). In all patients the SDAVF was
completely resected; however, four patients (14.8%) required a second surgery. Six patients (22.2%)
deteriorated immediately after surgery with five recovering to baseline upon discharge. On discharge,
presenting symptoms had improved in 17 patients (63%); 8/25 patients (32%) had a McCormick score
of 1. Twenty (74.1%) continued to improve on follow-up. In total 23/27 patients (85.2%) improved.
In the univariable analysis mJOA score on admission was associated with mJOA score on follow-up
(coefficient 0.6, 95%CI 0.4-0.81, p < 0.001), whereas age was inversely associated (coefficient —0.1,
95%CI -0.19-0.01, p = 0.08). Untreated SDAVF leads to progressive myelopathy which may result in
considerable disability. Surgical disconnection and resection provides a safe treatment option with low
perioperative morbidity and excellent chances for symptom improvement or progression prevention.
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1. Introduction

Spinal dural arteriovenous fistulas (DAVF) are a rare form of vascular malformation, but the
most common vascular malformation of the spinal cord despite its low incidence [1,2]. Men are more
commonly affected with a 5:1 ratio, mean age at diagnoses ranges between 55-60, the most frequent
location is the thoracolumbar spine [3]. High cervical SDAVF occur in about 2% [4].

The exact aetiology remains unknown; however, it is believed that they are acquired lesions
although they are sometimes already found in the perinatal period [5]. Factors associated with the
development of SDAVF are venous hypertension, as well as venous thrombosis [6,7]. A previous study
found that most SDAVF seem to occur spontaneously, or at least no obvious reason is found, but a
traumatic cause cannot be ruled out in many cases [8]. The location of the AV shunt is inside the
dura where arterial blood from a radiculomeningeal artery enters a radicular vein, close to the spinal
nerve [5]. They are generally fed by a branch of the segmental radicular artery supplying the dura; the
venous drainage occurs by a corresponding radicular vein [9]. Compromise of the venous outflow
is caused by pressure of the radicular artery to the draining vein leading to congestion of the spinal
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cord by a diminished AV gradient and a decreased drainage of normal veins consecutively frequently
causing progressive myelopathy [10-12]. Other symptoms that have been described are lumbar back
pain and radicular pain [13]. Symptoms are often ascending. In exceptionally rare cases the SDAVF
might cause a subarachnoid haemorrhage; it seems to occur only in SDAVF at the level of the foramen
magnum [14]. Even though previous reports and reviews exist, information on longer-term outcome
after surgical treatment remains limited.

Our aim is to retrospectively review our dataset for all surgically treated cases of SDAVF and to
evaluate early and late postoperative functional outcome with a special emphasis on myelopathy.

2. Materials and Methods
2.1. Data Collection

Hospital Based Cohort Study

We retrospectively reviewed prospectively collected clinical and radiological databases of patients
with SDAVF treated in our neurosurgical unit between 2009-2020. Our inclusion criteria were patient
over 18 years with proven SDAVF who were treated by surgical removal of the fistula. Patient treated
by endovascular intervention only were excluded. We collected data on patient demographic, previous
medical history, imaging, discharge data and, where available, follow-up data from electronical medical
records. Our primary outcome was to evaluate the functional outcome on follow-up with the secondary
outcome being functional outcome at discharge.

Except for patients presenting with subarachnoid haemorrhage, we measured functional outcome
using the modified McCormick Scale as well as the modified Japanese Orthopaedic Association (mJOA)
score on admission as well as at discharge and follow-up [15,16]. The McCormick Scale is divided into
1 = neurologically intact, 2 = mild motor or sensory deficit, but functional independence, 3 = moderate
deficit and limitation of function, 4 = severe motor or sensory deficit, dependent, 5 = paraplegia or
quadriplegia [17].

2.2. Statistical Analysis

Categorical variables will be presented as count and percentage, continuous variables as mean with
standard deviation (SD). For association analysis we used the nonparametric Wilcoxon matched-pairs
signed-ranks test as well as logistic regression where appropriate. All testing was done at a 0.05
significance level.

Statistical analysis was done using STATA 15 (StataCorp. 2011. Stata Statistical Software: Release
15. StataCorp LP, College Station, TX, USA).

2.3. Ethical Approval

The data collection was approved by the local Ethics Committee (reference: 271/20 S-EB). All
procedures performed in studies involving human participants were in accordance with the ethical
standards of the local Ethics Committee and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards. For this type of study, formal consent is not required.

3. Results

3.1. Hospital-Based Cohort Study

We identified 27 patients which were treated surgically for a SDAVF at our institution between
January 2007 and March 2019. See Table 1 for baseline characteristics. Mean age was 61.8 years (SD 8.4)
and 40.7% were female. Most frequent location was the thoracic spine in 15 (55.6%) followed by the
lumbar spine in 8 (29.6%), the cervical spine in 3 (11.1%) and the sacral spine in one patient (3.7%). Most
patients presented with progressive myelopathy (24/27, 88.9%); 8/25 patients also reported painful
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sensations (32%). Three patients (11.1%) reported to have undergone previous spinal interventions and
one patient (3.7%) reported a major trauma in his past medical history. Two patients (7.4%) presented
with acute symptom onset and decreased Glasgow Coma Scale of 9 and 3, respectively. Computed
tomography (CT) scan showed an acute subarachnoid haemorrhage in both patients, one needing a
temporary extraventricular drain (EVD) due to acute hydrocephalus. Both patients were diagnosed
with foramen magnum SDAVE. These two patients were excluded from the McCormick Scale and
mJOA score evaluation.

Table 1. Baseline and outcome characteristics.

Variable Overall Cohort
Age, mean (SD) 61.8 (8.4 SD)
Sex, N (%)
e Male 16 (59.3%)
e  Female 11 (40.7)
Symptoms N (%)
e  Myelopathy 24 (88.9)
e  Motor weakness 10/25 (40)
e  Sensory deficits 13/25 (52)
e  Ataxia 9/25 (36)
e  Erectile/bladder/bowel dysfunction 11/25 (44)
e Pain 8/25 (32)
e  Neuropathic pain 6/25 (24)
e  Radicular pain 2/25 (8)
e  Back pain 1/25 (4)
e  Haemorrhage 2(7.4)
Past medical history, N (%)
e  Hypertension 9(33.3)
e  Diabetes mellitus 2(74)
e  Previous spinal intervention 3(11.1)
e  Previous trauma 1(3.7)
Location, N (%)
e  Cervical 3(11.1)
e  Thoracic 15 (55.6)
e  Lumbar 8 (29.6)
e  Sacral 1(3.7)
Duration of hospitalization, mean (SD) 10.1 (6.8)
Functional state
Cohort for spinal scores 25/27
mJOA score on admission, mean (SD) 14 (2.9)

McCormick Scale on admission, N (%)

o 1 6 (24)
« 2 8 (32)
e 3 5 (20)
o 4 6(24)
mJOA score on discharge, mean (SD) 14.2 (2.8)

McCormick Scale on discharge, N (%)
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Table 1. Cont.

Variable Overall Cohort
e 1 8 (32)
o 2 5 (20)
e 3 7 (28)
e 4 4 (16)
e 5 1(4)
mJOA score on FU, mean (SD) 15.5 (2.2)
McCormick Scale on FU, N (%)
o 1 12 (48)
« 2 7 (28)
e 3 2 (8)
o« 4 4 (16)

FU = follow-up; mJOA = modified Japanese Orthopaedic Association; N = number; SD = standard deviation.

Only in one patient, the SDAVF was an incidental finding, as imaging had been conducted due to
an unrelated cause.

3.2. Treatment

In three patients (11.1%), the SDAVF was embolized before surgery: two of them underwent
embolization in an external hospital prior to admission to our clinic. The third patient was treated for a
ruptured cranio-cervical fistula and received endovascular embolization to reduce the intraoperative
haemorrhage risk. Surgery was performed mainly via hemilaminectomy/-laminoplasty of the according
level with opening of the dura, coagulation and disconnection of the fistula point. Complete removal
was then verified by means of a microdoppler and postoperative angiography performed within
48 h after surgery. All patients were monitored during the intervention using electrophysiological
monitoring. Complete resection was achieved in all patients; however, in four patients (14.8%),
a second surgical intervention was required to achieve a complete resection as a rest was seen in the
postoperative angiography. Six patients (22.2%) deteriorated immediately after surgery of whom
five recovered back to their baseline level within 48 h. Postoperative imaging showed an epidural
haematoma in three of these cases. In one case the patient underwent revision surgery for evacuation
of the haematoma. One patient had a persistent cerebrospinal fluid leak and underwent surgery for
closure of the leak.

3.3. Functional Outcome on Discharge and Follow-Up

On discharge, presenting symptoms had significantly improved in 17 patients (63%). Excluding
patients presenting with a subarachnoid haemorrhage; 8/25 patients (32%) had a McCormick Scale of 1
and 5 (20%) of 2; the mean mJOA score was 14.2 (SD 2.8). Follow-up was available for all patients.
The median time to follow-up was 8.8 months (IQR 27.8, minimum 0.5, maximum 99). On follow-up,
19 patients (70.4%) continued to improve. Overall, 23/27 patients (85.2%) had improved between
surgery and discharge or follow-up (see Figure 1). One patient who had deteriorated after surgery
had not recovered to his presurgical functional level when discharged. This patient showed back to
baseline recovery upon follow-up, but no improvement compared to the presurgical functional state.
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Figure 1. Neurological state on discharge and on follow-up (improved vs. stable vs. deteriorated).

Objective functional improvement comparing preoperative mJOA and mJOA score at follow-up
as well as preoperative McCormick Scale and McCormick Scale on follow-up were both significant
(p <0.001 and p = 0.02, respectively). Both patients presenting with subarachnoid haemorrhage
improved significantly when comparing their preoperative and postoperative state with one patient
regaining consciousness and being able to mobilize.

Six out of the 25 patients (24%) demonstrated a mJOA score of 18 and 7 (28%) a value on
the McCormick Scale of 1 indicating no remaining symptoms or only mild remaining dysaesthesia.
No patient with a mJOA score of <16 achieved a score of 18 on follow-up and only one patient with
a McCormick Scale value of 4 on admission had a value of 1 on follow-up, indicating no remaining
neurological symptoms. See Figure 2 for comparison of the McCormick Scale on admission and
on follow-up.

McCormick Scale on admission and follow-up
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Figure 2. McCormick Scale on admission compared to McCormick Scale on follow-up.

In the univariable analysis the mJOA score on admission was directly associated with mJOA score
on follow-up (coefficient 0.6, 95%CI 0.4-0.81, p < 0.001). We found evidence, that age was inversely
associated with the mJOA score on follow-up; however, this finding was not statistically significant
(coefficient —0.1, 95%CI —0.19-0.01, p = 0.08)

None of the tested variables showed a significant association with the McCormick scale in the
univariable analysis. Older age however showed tendency of worse functional outcome by an increased
value on the McCormick Scale on follow-up (OR 1.1, 95% CI 0.99-1.24, p = 0.06; see Tables 2 and 3).
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Table 2. Predictors of dichotomized mJOA score on follow-up.

Univariable Analysis

Coefficient 95% CI p-Value
Age, mean (SD), N(%) -0.1 -0.19-0.01 0.08
Female Sex, N(%) -0.87 —2.73-0.99 0.35
Worsening after surgery 0.85 -1.3-3 0.42
mJOA score on admission 0.6 0.4-0.81 <0.001

CI = confidence interval, mJOA = modified Japanese Orthopaedic Association, N = number, SD = standard deviation.

Table 3. Predictors of McCormick Scale score on follow-up.

Univariable Analysis

OR 95%CI p-Value
Age, mean (SD), N(%) 1.11 0.99-1.24 0.06
Female Sex, N(%) 0.4 0.09-1.85 0.24

CI = confidence interval, OR = Odds ratio, N = number, SD = standard deviation.

4. Discussion

In our hospital cohort study, we analysed functional outcome using the mJOA score and McCormick
Scale in patients treated surgically for SDAVE. The most common presenting symptom was progressive
myelopathy and the most frequent location was the thoracic spine. Already on discharge, presenting
symptoms had improved in 17 patients (63%). Twenty patients (74.1%) continued to improve on
follow-up. Overall, 23 patients (85.2%) improved. mJOA score on admission was directly associated
with mJOA score on follow-up, whereas age was inversely associated with the mJOA score on follow-up.

The four patients (14.8%), who did not improve from a functional point of view, the progression
of the disease was halted, and patients remained neurologically stable on follow-up, confirming
previously reported data [8]. Additionally, we demonstrated that patients with higher mJOA score
on admission had higher mJOA scores on follow-up. These observations indicate the importance of
early surgery of oligosymptomatic patients as it at least allows to preserve the neurological status
and ambulatory independence in daily life and in the majority of cases even improves symptoms
of myelopathy. The risk of transient postoperative morbidity was 14.8% and the rate of remaining
neurological impairment attributable to surgical intervention was 0%, which indicates that surgical
resection provides a safe treatment option with relatively low perioperative morbidity and good
chances for improvement or myelopathy progression prevention.

A recent meta-analysis compared outcome between surgically and endovascular treated
patients [18]. They found an improved outcome for SDAVF in surgically compared to endovascular
treated patients [18]. Improvement of symptoms following complete occlusion has been reported in
about two-third of patients with sensory symptoms improving less frequently [19]. The improvement
rate was higher in our cohort: overall, 85.2% reported a significant improvement of symptoms [19].
We confirm previous rates of complete occlusion: in our cohort, we achieved a 100% occlusion rate
compared to a previously reported occlusion rate of about 98% [20], although four patients required a
second surgical intervention to achieve complete occlusion.

Discussion in the literature about the best treatment option for SDAVF is ongoing. Surgical
occlusion rate has been reported to be significantly higher reaching up to 98-100% compared to
endovascular occlusion rate ranging between 25-75% [19-21]. One of the main issues with endovascular
occlusion is the fact that embolization material needs to pass through the nidus and reach the venous
site. Only if this can be achieved endovascular occlusion appears to be efficient [22]. A recent
meta-analysis showed increasing occlusion rates with endovascular treatment compared to older
publications [18,20,23]. This might be due to different reasons. The higher success rate reported in the
meta-analysis conducted by Goyal et al. compared with previous studies and meta-analyses might be
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due to advances in endovascular techniques [18]. It might, however, also just demonstrate a more
realistic success rate due to a larger number of patients [18]. Still, the reported failure rate of 19.8% with
endovascular occlusion was significantly higher, compared to 2.8% with surgical occlusion; the late
recurrence rate of 11.2%, was much higher with endovascular occlusion compared to 1.6% with surgical
occlusion [18]. The rate of complications in both treatment groups did not differ significantly [18].
We are not able to draw any direct comparison between endovascular and surgical treatment as,
according to our clinical standard based on the above-mentioned literature data, we operate all patients
presenting with SDAVE.

Two of our patients presented with subarachnoid haemorrhage. Subarachnoid haemorrhage is a
very rare presentation form for patients suffering from SDAVF and was previously described only
in SDAVF of the craniocervical junction, which is in accordance with our observation [24,25]. One of
our patients suffering a subarachnoid haemorrhage from SDAVF at the craniocervical junction had a
favourable outcome with complete recovery and no remaining symptoms. The second patient, however,
remained functionally dependent on follow-up. Patients suffering from subarachnoid haemorrhage
due to an underlying SDAVF are thought to have a good functional outcome [24]. As SDAVF is a
relatively rare pathology and subarachnoid haemorrhage from a SDAVF is even rarer we cannot draw
any conclusion regarding the prediction of functional neurological outcome.

Our study does have limitations: this was a retrospective study. Information about the functional
state of patients was deducted from discharge and outpatient clinic letters potentially leading to
reporting bias. To establish the full extent of a patient’s functional state more accurately, this should
ideally be addressed in a prospective study. Furthermore, due to the retrospective nature of the study,
we were not able to collect information on symptom duration. Longer symptom duraiton might be
a presumably negative predictor for postoperative functional recovery. This needs to be evaluated
in future, prospectively conducted studies. Although we do report on a considerable large dataset,
we are not able to provide any insights into the aetiology of this disease. Of note, one of our patients
reported a significant previous trauma to approximately the level of later SDAVF and three patients
reported to have undergone previous spinal interventions.

We were able to show that surgery is a safe treatment option significantly improving functional
outcome in patients suffering from SDAVF in most cases or at least preventing functional deterioration.
Additionally, we demonstrated an association between mJOA score on admission and patients age on
functional outcome.

To gain more insight in factors influencing functional outcome, as well as natural history of SDAVF,
an international registry for this pathology is needed.

5. Conclusions

Untreated SDAVF leads to progressive myelopathy which may result in considerable disability.
In cases with advanced myelopathy a complete recovery is often not possible even after surgical
intervention, but improvement of functional state is achievable in most patients. Surgical disconnection
and resection provide a safe treatment option with low perioperative morbidity and excellent chances
for improvement or at least prevention of myelopathy progression.
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