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Abstract
Objective To investigate the effect of pre- and postoperative magnetic resonance imaging (MRI) findings on the prognosis 
of patients with spinal dural arteriovenous fistulas (SDAVFs) treated surgically.
Method A total of 76 patients from Jan 1, 2013, to June 30, 2020, were enrolled in this study. Their spinal neurological 
function was evaluated and graded by the modified Aminoff-Logue Scale (mALS). Preoperative and 3 months postopera-
tive MRI results were evaluated, and their relationship with patients’ pre- and postoperative spinal neurological function at 
1 year after surgery was calculated. Analysis of variance (ANOVA), the chi-square test, and others were used to investigate 
the prognostic value of MRI for patients with SDAVFs treated surgically.
Results According to our results, the extent of spinal edema on preoperative MRI was significantly correlated with the 
patients’ degrees of preoperative spinal neurological dysfunction. The severity of preoperative spinal neurological dysfunction 
was significantly greater in patients whose extent of spinal edema was identified at ≥ 5 vertebral levels. Importantly, patients 
with a reduction in the degree of spinal edema ≥ 50% on 3-month postoperative MRI demonstrated significant improvement 
in spinal neurological function 1 year after surgery.
Conclusion In patients with SDAVFs, the extent of spinal edema on preoperative MRI may predict the severity of preopera-
tive spinal neurological dysfunction. There was a significant correlation between the degree of reduction in spinal edema at 
3 months after operation and patients’ clinical outcomes 1 year after surgery.
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Introduction

Spinal dural arteriovenous fistula (SDAVF) is a rare lesion, 
and patients consistently present with myelopathy caused 
by chronic venous hypertension  [6] [9]. Surgery has been 
demonstrated to be a reliable method for obliterating the 
abnormal connection between the feeding artery and drain-
ing vein  [8] [14]. Spinal edema and dilation of the draining 
vein have been reported to be important pathophysiological 
changes in SDAVF and present as intramedullary high sig-
nal and flow voids on magnetic resonance imaging (MRI)  
[6] [5]. However, whether the extent of intramedullary high 

signal or flow voids on preoperative MRI are correlated with 
patient prognosis is not fully understood  [12]. Although pre-
vious studies have reported that the severity of SDAVF may 
be predicted by the extent of flow voids and spinal edema  
[4] [10], their credibility was still limited by their scale and 
inconsistent with other studies  [7] [3]. In addition, studies 
on postoperative MRI and its impact on patient prognosis are 
rare  [13] [16]. Thus, it is worth investigating the changes 
in postoperative MRI and its impact on the prognosis of 
patients’ spinal neurological function.

Based on previous studies and our clinical experience  [7] 
[15], the extent of spinal edema or flow voids on preopera-
tive MRI may reflect the severity of preoperative dysfunc-
tion, and a good reduction in spinal edema or flow voids may 
be associated with a satisfactory functional outcome.

In the present study, we used a retrospective approach to 
uncover the prognostic value of pre- and postoperative MRI 
in patients with SDAVFs after surgical treatment. We hope 
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our results can provide a good result that is close to that 
experienced in the clinic.

Method

Subjects

A retrospective study was performed involving all patients 
diagnosed with SDAVFs who were treated surgically from 
Jan 1, 2013, to June 30, 2020, in our institution. Basic data 
such as sex, age, fistula location, and modified Aminoff-
Logue Scale (mALS) score were extracted from the medical 
records. Participants had to meet the following inclusion 
criteria:

1) Fistula identified by spinal digital subtraction angiogra-
phy (DSA)

2) Available preoperative and postoperative MRI of the 
spine

3) Follow-up for at least 1 year after surgery

The exclusion criteria were as follows:

1) Any prior intervention (surgical or endovascular)
2) Neurological deficits caused by other lesion(s)

Evaluation of clinical results

Neurological function was evaluated by the mALS and 
graded according to the total score as follows: mild dis-
ability (0–3), moderate disability (4–7), and severe disabil-
ity (8–11). Surgical results were evaluated by the mALS 
and identified as follows: (1) improvement, decrease in the 
mALS score by at least 1 point; and (2) no improvement, no 

change or increase in the mALS score. The mALS score was 
evaluated by three senior individual neurosurgeons, and the 
average of their scores was taken as the final outcome. Post-
operative neurological function evaluation was performed 
through clinical visit or telephone questionnaire.

Imaging evaluation

Preoperative MRI refers to MRI performed within 5 days 
before surgery, and postoperative MRI refers to MRI 
obtained between 90 and 120 days after surgery. (Fig. 1) The 
extent of intramedullary edema and flow voids on preopera-
tive MRI were calculated and represented as the number of 
vertebral levels spanned. The degree of reduction in spinal 
edema or flow voids was calculated as (1-poL

prL
 ) * 100% (poL, 

extent of spinal edema or flow voids on postoperative MRI; 
prL, extent of spinal edema or flow voids on preoperative 
MRI). MRI results were evaluated by three individual senior 
neuroradiologists, and three individual senior neurosurgeons 
who were blinded to the changes/improvement for each par-
ticipant retrospectively reviewed the randomized MRI find-
ings, and the final results were calculated as the average of 
their results.

Statistical analysis

Continuous variables with a normal distribution were ana-
lyzed by analysis of variance (ANOVA). The Wilcoxon rank-
sum test and Kruskal–Wallis test were used for data with 
a nonnormal distribution. The chi-square test was used to 
analyze the relationship between the degree of reduction in 
spinal edema or flow voids and the patient’s clinical out-
come. Data are presented as the mean ± standard deviation 
(SD). The abovementioned data were analyzed by statistical 

Fig. 1  Spinal edema (white 
arrow) and flow voids (yellow 
arrow) were identified on axial 
(A) and transverse (C) section 
of preoperative MRI. 107 days 
after surgery, the extent of 
spinal edema (B) and flow 
voids (D) were demonstrated 
smaller than their preoperative 
counterparts
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software (SPSS, version 24, IBM Corp, ARMONK, NY), 
and p < 0.05 was considered statistically significant. This 
study was approved by the ethics committee of the West 
China Hospital.

Results

Baseline data

Finally, a total of 76 patients with 76 fistulas met our 
inclusion criteria, and the baseline characteristics are 
summarized in Table 1.

Among these fistulas, 8 (10.5%) were located at T1–T6, 
42 (55.3%) were located at T7–T12, and 26 (34.2%) were 
located below T12. According to the preoperative mALS 
score, 25 (32.9%) patients were classified with mild dis-
ability, 33 (43.4%) patients with moderate disability, and 18 
(23.7%) patients with severe disability.

Clinical results

The mean interval between surgery and latest follow-up was 
13.8 ± 0.7 months (range from 12.3 to 15.2 months). Fifty-four 
(71.06%) patients experienced improvement, and 22 (28.94%) 
patients felt worse or stable after surgery. Regarding motor func-
tion, 48 (63.16%) patients experienced improvement, and 20 
(26.32%) patients experienced stabilization 1 year after surgery. 
For micturition, 39 (51.31%) patients experienced improvement, 
and 28 (36.84%) patients experienced stabilization. Similarly, 
when comparing defecation status 1 year after surgery with pre-
operative results, 37 (48.68%) and 29 (38.16%) patients experi-
enced improvement and stabilization, respectively. In addition, 
when comparing the mALS scores before and 1 year after surgery, 
significant differences were identified in the gait (G), micturition 
(M), defecation (D), and total (T) scores (Table 2).

Imaging results

The extent of spinal edema and flow voids spanned from 2 
to 7 and 3 to 12 vertebrae on preoperative MRI, respectively. 
The results revealed that the extent of spinal edema was 
significantly different for different grades of preoperative 
neurological dysfunction (Fig. 2), and the more severe the 
patients’ neurological dysfunction was, the more significant 
the extent of the spinal edema. However, we did not find 
any correlation between the extent of flow voids and the 
grade of preoperative neurological dysfunction (p = 0.62, 
Kruskal–Wallis test).

Importantly, if the patients’ extent of spinal edema was 
identified at ≥ 5 vertebral levels, their degree of preoperative 
neurological dysfunction tended to be more severe (Table 3). 
However, we did not find such a threshold when we inves-
tigated the correlation between flow voids and preoperative 
neurological dysfunction.

Patients enrolled in this study all underwent postoper-
ative MRI from 99 to 120 days after surgery (mean days 
104.5 ± 6.6 days). The extent of spinal edema spanned from 
0 to 5 vertebral levels, and the length of the flow voids 
spanned from 0 to 2 vertebral levels. According to our evalu-
ation of the postoperative MRI results, none revealed extents 
of spinal edema or flow voids larger than their preopera-
tive counterparts. In addition, significant differences were 
also identified when comparing the pre- and postoperative 
extents of these two characteristics on MRI (Table 4).

Regarding the relationship between the degree of reduc-
tion in imaging abnormities and clinical outcome, the 
results showed that patients were more likely to experience 
improvement in neurological function 1 year after surgery 
if their degree of reduction in spinal edema 3 months after 
surgery was ≥ 50% (Table 5). Regretfully, we did not find 
any relationship between the degree of reduction in flow 
voids and clinical outcome.

Table 1  Patients characteristics

Characteristics N (%)

Sex
  Male 64, (84.2)
  Female 12, (15.8)

Mean age at diagnosis, years 56 ± 11
Location of fistulas

  T1-6 8, (10.5)
  T7-12 42, (55.3)
  T12-S5 26, (34.2)

Pre-operative score of mALS
  0–3 25, (32.9)
  4–7 33, (43.4)
  8–11 18, (23.7)
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Discussion

The objective of this study was to explore the impact of pre- and 
postoperative MRI results on the prognosis of patients with 
SDAVF who were treated surgically. According to our results, 
the extent and degree of reduction in spinal edema were corre-
lated with the prognosis of patient spinal neurological function.

In our series, the degree of patient preoperative neurological 
dysfunction was found to be correlated with the extent of spinal 
edema. It seems that if patients had more severe preoperative 
dysfunction, their extents of spinal edema also tended to be 
more substantial. In accordance with our experience, the larger 
the extent of spinal edema was, the more obvious the patient’s 
clinical presentation. Therefore, if the extent of spinal edema 
exceeds a certain degree, the severity of patients’ preoperative 
neurological dysfunction may be more significant.

Yen et al. reported that the correlation between the sever-
ity of disease and spinal edema was greater when the cutoff 
for the extent of spinal edema was set to 6 vertebral levels  
[19], while other scholars had previously set the threshold 
to 10 vertebral levels  [4]. However, our results revealed that 
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Fig. 2  The relationship between preoperative neurological dysfunc-
tion and extent of spinal edema on preoperative MRI

Table 3  Correlation between degree of preoperative dysfunction and 
extent of spinal edema

*  p < 0.05, chi-square test

Extent of spinal 
edema

Mild Moderate Severe p

 ≤ 5 16 13 2 0.00*
 ≥ 6 9 20 16
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the threshold may be set to 5 vertebral levels. Although the 
threshold is different from that in the previous study, which 
may have been caused by differences in the study scales and 
follow-up periods, both of these results confirm the correlation 
between the extent of spinal edema and patient preoperative 
status. However, we did not find that the degree of preoperative 
spinal neurological dysfunction was correlated with the extent 
of flow voids. Flow voids on MRI represent venous congestion 
of the medulla and may be affected by variability in vascular 
structures in different segments  [1] [2] [17]. Considering the 
different distributions of fistulas and follow-up periods in the 
different studies  [4] [15] [19], the relationship between the 
extent of flow voids and neurological status may need further 
exploration in a larger and prospective study.

To our knowledge, this is the first study to demonstrate the rela-
tionship between the prognosis of patients with SDAVFs treated 
surgically and the degree of reduction in spinal edema. In previous 
studies, some scholars used the change in the number of levels 
spanned by spinal edema or flow voids to depict patients’ imag-
ing responses to treatment  [7] [16]. However, according to our 
experience and the above statistical results, patients with a smaller 
extent of spinal edema always have better postoperative neurologi-
cal function outcomes and relatively less significant changes in 
spinal edema if assessed in vertebral levels. On the other hand, 
in patients with a longer extent of spinal edema, the number of 
vertebral levels corresponding to spinal edema might change rela-
tively more significantly, but a less satisfying clinical outcome 
might occur. Thus, to individually reflect patients’ responses to 
surgery, we used “degree of reduction” as the index to evaluate 
the postoperative MRI results. In addition, given that neurological 
recovery often requires a longer period of time, we used patients’ 
mALS scores 1 year after surgery as the clinical outcome.

According to our results, if the patients’ extents of spinal edema 
were reduced by at least 50%, their clinical outcomes were better 
than those with a lower degree of reduction. Although imaging 
abnormalities can last for several months  [7], a significant imag-
ing reduction at an early stage at least represents a good response 
to surgery, and patients are more likely to experience improvement 
in their neurological function  [18]. Despite the negative results 
Kaufmann et al. reported  [7], we still agree with their view that 
a good clinical outcome is associated with a good reduction in 
postoperative MRI abnormalities. For the first time, our statistical 
results confirm the above view.Ta
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Table 5  Correlation between reducing degree of spinal edema and 
clinical outcome 1 year later

*  p < 0.05, Fisher exact test

Reducing degree of 
spinal edema

improvement improvement p

 ≥ 50% 44 3 0.02*
 < 50% 21 8
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Compared with spinal edema, the degree of reduction in 
flow voids seems unrelated to patient clinical outcome. How-
ever, the diminishment of flow voids and intramedullary high 
signal are of crucial importance in evaluating whether residual 
disease or recurrence are present after surgery, especially for 
those with unsatisfactory clinical outcomes. In our department, 
if the patient’s clinical outcome and imaging results both point 
to recurrence or residual disease, we will recommend that the 
patient undergo another spinal digital subtraction angiography. 
In our series, there were 2 patients without significant imaging 
reduction, and their neurological function did not show improve-
ment until 6 months after surgery. Considering that they were 
over 70 years old and refused another invasive examination, they 
did not receive another spinal DSA 3 months after surgery.

In addition, imaging reduction mainly represents struc-
tural recovery after surgery. As long as the abnormal con-
nection are shown to have been obliterated, the presence of 
abnormalities on MRI will gradually diminish after several 
months  [4] [11]. However, if a patient has suffered irrevers-
ible impairment of spinal neurological function, no matter 
how significant his/her reduction degree was, he/she has 
already missed the chance to experience improvement in 
spinal neurological function.

Limitation

There are some limitations in this study. First, a larger and 
prospective study will provide a firmer conclusion. Second, 
further exploration is required to determine whether the 
location of the fistula should be considered in calculating 
threshold for the degree of reduction. Last but not least, with 
the development of endovascular technology, whether our 
results will be different from those of patients who accept 
endovascular treatment is also worthy of research.

Conclusion

The extent of spinal edema was significantly correlated with 
preoperative neurological status in patients with SDAVF. 
Patients with a significant reduction in spinal edema on post-
operative MRI were more likely to experience improvements 
in spinal neurological function. This study reveals that a 
satisfactory reduction in postoperative MRI results is a pre-
dictive factor of patient prognosis.
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