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Spinal dural arteriovenous
fistula: A rare but treatable
disease that should not be
missed by orthopedic surgeons

Baohui Yang, Teng Lu, Xijing He* and Haopeng Li

Department of Orthopedics, Second A�liated Hospital of Xi’an Jiaotong University, Xi’an, China

Objective: Spinal dural arteriovenous fistula (SDAVF) is a rare disease that is

often misdiagnosed by orthopedic surgeons. We analyzed the reasons for the

misdiagnosis and proposed countermeasures.

Methods: Twenty-two SDAVF patientswhowere initially treated in orthopedics

were included. The patients were divided into a correct diagnosis group (A) and

a misdiagnosis group (B). The clinical data and prognosis were evaluated.

Results: There were 10 patients in group A and 12 patients in group B. The

clinical manifestations included limb numbness, weakness, and bladder and

bowel dysfunction. Among these patients without spinal degenerative diseases

which had typical magnetic resonance imaging (MRI) features in Group A

were more than Group B (P < 0.05). More patients had spinal degenerative

diseases in group B. In group A, seven patients were primarily diagnosed with

a SDAVF after multidisciplinary teamwork (MDT). In group B, five patients were

misdiagnosed with lumbar spinal stenosis, four with lumbar disc herniation,

two with thoracic spinal stenosis, and one with cervical spinal stenosis

and lumbar spinal stenosis and underwent cervical spinal canal and lumbar

spinal canal decompression. The length of time for confirming the diagnosis

was 7 months longer in group B than in group A. All patients underwent

microsurgery treatment. The average follow-up duration was 11 months.

The modified Amino�-Logue Disability Scale scores showed a statistically

significant di�erence in improvement between the two groups (P < 0.05).

Conclusion: when patients with dysuria especially, have intermittent spinal

nerve dysfunction, the possibility of SDAVF should be considered. Awareness

of the specific clinical and spinal cord edema and flow voids on MRI of a

SDAVF needs to be promoted for orthopedic surgeons. Timely MDT is an

important measure for reducing misdiagnosis, and steroids or inappropriate

surgery should be avoided until a SDAVF is completely excluded.
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Introduction

Spinal dural arteriovenous fistula (SDAVF) is a relatively

rare spinal vascular disease. It has gradually become more

widely recognized in the past 30 years (1). Although it is

a curable disease, delayed diagnosis is often associated with

poor outcomes (2, 3). A large number of studies regarding the

diagnosis and treatment of this disease are primarily published

by neurosurgeons (3–9). Therefore, neurosurgeons may be

relatively familiar with the diagnosis and treatment of this

disease. However, the clinical manifestations of this disease in

the early stage often include weakness and numbness of the

bilateral lower limbs and abnormal gait, symptoms that are

not specific to this disease and are very similar to the clinical

manifestations of degenerative spine diseases. Patients are often

first evaluated in orthopedics (10). Even when initial magnetic

resonance imaging (MRI) findings of this disease are evident,

misdiagnosis still occurs, and orthopedic surgery may even take

place. According to the literature, the misdiagnosis rate for

this disease is as high as 60%, and the clinical area with the

highest misdiagnosis rate is orthopedics (10). As a result of

misdiagnosis, the function of the spinal cord may be severely

damaged or even permanently changed (11). Consequently,

it is necessary to improve awareness of this disease among

orthopedic surgeons. This article retrospectively analyzed the

clinical data and prognosis of 22 patients with a SDAVF who

were initially treated at an orthopedic clinic to identify the

causes of misdiagnosis from the perspective of the orthopedic

surgeon and to enhance the orthopedic surgeon’s understanding

of this disease.

Methods

After approval was received from the Ethics Committee

of our hospital, we retrospectively analyzed the data of the

patients who were diagnosed via angiography and treated

at the neurosurgery clinic of our hospital from January 1,

2013 to January 1, 2021. The patients were selected from

those who were initially evaluated at the orthopedics clinic

and were divided into two groups. Patients were included in

group A (the correct diagnosis group) based on the following

inclusion criteria: (1) diagnosis confirmed at the first visit by an

orthopedic surgeon who recognized the disease; (2) diagnosis

confirmed at the first visit by an orthopedic surgeon who did not

recognize the disease but requested multidisciplinary teamwork

(MDT) immediately, as a result of suspected diagnosis based

on clinical or MRI findings, our MDT is a collaborative process

conducted by multidisciplinary team of senior specialists, which

is a discussion among doctors from different departments,

including orthopedics, neurology, neurosurgery, urology, etc.

Patients were included in group B (the misdiagnosis group)

based on any of the following inclusion criteria: (1) no MRI or

computed tomography (CT) examination was performed at the

first visit, and treatment proceeded as if the patient had a spinal

degenerative disease; (2) MRI findings of a manifested SDAVF

that were treated as if they were spinal degenerative diseases

because the orthopedic surgeon did not pay attention to the

MRI findings.

The following variables were collected from medical

charts and retrospectively assessed: general patient data, initial

symptoms, diagnosed symptoms, initial imaging findings, causes

of misdiagnosis and treatment results. SPSS 22.0 statistical

software was used for statistical analysis. Quantitative data are

expressed as the mean±SD, and the independent sample t-test

was used for comparisons between the groups. The Fisher’s exact

test was used to compare qualitative data. P< 0.05 indicated that

the difference was significant.

Results

General patient data

There were eight men and two women in group A. The ages

ranged from 49 to 76 years (average age 61.24 ± 8.08). The

average time from the onset of the disease to the first evaluation

at the orthopedic clinic was 8.2 ± 1.4 months (range: 2–16

months). There were 10 men and two women in group B. Their

average age was 62.37± 9.15 years (range: 51–78 years old). The

average time from the onset of the disease to the first evaluation

at the orthopedic clinic was 9.10 ± 0.9 months (range: 2–24

months). No significant differences were observed in the sex

ratio (P= 0.63), age at onset (P= 0.66), and time to initial clinic

evaluation (P = 0.08) between the two groups (Table 1).

Initial symptoms and diagnosed
symptoms

Of the 22 patients, three (14%) patients had limb numbness

as the initial symptom, while four (18%) had motor weakness.

The other 15 (68%) patients had both numbness and weakness

as the primary symptom, six (27%) patients had accompanying

low back pain and 10 (45%) patients had accompanying bladder

and bowel dysfunction (both bladder and bowel incontinence in

two patients, bladder incontinence in three patients and dysuria

in five patients) (Table 2). Patients with lower limb weakness

presented with spastic gait (6), neurogenic claudication (9),

walking with a cane (3), and a wheelchair (1). Sensory disorders

were mostly manifestations of atypical nerve root distribution.

In addition, 10 patients (45%) had upper motor neuron (UMN)

signs, five patients (23%) had lower motor neuron (LMN) signs,

and seven patients (32%) had combined signs of UMN and

LMN. In group B, there was a significant delayed diagnosis.

Therefore, the symptoms of 12 patients in group B progressed
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TABLE 1 Comparison of patient data between the two groups.

Group Age Ratio of males to

females

Patients with

typical MRI

findings

Patients with concomitant

degenerative spinal

diseases

Time to initial

clinical

evaluation(m)

Time to confirmed

diagnosis(m)

Group A (10) 61.24± 8.08 8/2 8 1 8.2± 1.4 8.2± 1.4

Group B (12) 62.37± 9.15 10/2 3 7 9.10± 0.9 15.9± 1.6

P-value 0.66 0.632 0.015 0.026 0.08 <0.0001

TABLE 2 Initial clinical manifestations of 22 patients.

Clinical manifestations Number of

cases

Constituent

ratio (%)

Numbness or weakness

Numbness 3 14

Weakness 4 18

Numbness and weakness 15 68

Accompanying low back pain 6 27

Accompanying bladder and bowel

dysfunction

10 45

Bladder and bowel dysfunction 2 9

Urinary incontinence 3 14

Dysuria 5 23

to some extent at the time of diagnosis. Among these patients,

case 2 was diagnosed with severe quadriplegia (Table 3).

Imaging data

We defined MRI findings of T2-hyperintense signals in the

spinal cord that were both edema of the spinal cord and “beaded”

vascular flow empty in the spinal cord ventral and dorsal at the

first clinic visit as a typical manifestation. In order to describe it

more visually, some people refer to it as “white radish and black

sesame” sign, where white radish refers to spinal edema signal

(black arrow in Figures 1 and 3), and black sesame refers to

“beaded” vascular emptying signal (white arrow in Figures 1 and

3). If the two above manifestations are absent or not obvious, we

can consider it as an atypical MRI findings (Figure 2). In group

A, those patients who were without spinal degenerative diseases,

typical MRI manifestations were observed in eight patients, and

one patient both had typical MRI findings and accompanied

by spinal stenosis, MRI findings were atypical in 1 case. In

group B, patients who were without spinal degenerative diseases,

typical manifestations were observed in three patients, and

seven patients had both typical MRI findings and degenerative

diseases of the spine; two cases were atypical. Spinal digital

subtraction angiography (DSA) revealed a SDAVF at lower

thoracic spine (T5–10) for eight cases (Figure 3), thoracolumbar

spine (T10–L2) for 10 cases (Figure 2), one case was located in

sacrococcygeal segment (Figure 1), and one case was located in

the cervical segment. The number of patients with typical MRI

findings that without spinal degenerative disease was greater

in group A than in group B (P = 0.015), while the number

of patients with spinal degenerative diseases was significantly

greater in group B than in group A (P = 0.026) (Table 1).

Misdiagnosed disease and its treatment

In group A, three patients were diagnosed at the first

evaluation at the orthopedics clinic because orthopedic surgeons

recognized the disease and referred the patients to our hospital’s

neurosurgery clinics for further diagnosis. Six patients were

diagnosed by neurosurgeons. Orthopedic surgeons did not

recognize the disease in these six patients, but they found

abnormally high T2 signals and vascular flow void signs of

the spinal cord and initiated MDT consultation (Figure 1).

An orthopedic surgeon believed that the existing spinal cord

symptoms could not be interpreted in one patient and initiated

MDT consultation. The patient was eventually diagnosed

by MDT.

In group B, four patients reported low back pain. The

orthopedic surgeon only ordered lumbar MRI at the first

encounter and made a diagnosis of lumbar disc herniation. Of

these patients, two were treated with steroids, which worsened

the condition in a short period of time. These two patients were

finally diagnosed with a SDAVF after MDT. One patient had an

initial MRI of the thoracic spine that showed typical signs of

a SDAVF and cervical and lumbar spinal stenosis. Considering

that numbness and weakness were present in both upper limbs,

cervical decompression was performed, but the lower limb

symptoms and urinary dysfunction worsened after surgery.

Orthopedic surgeons misdiagnosed the condition as lumbar

spine cauda equina syndrome caused by lumbar canal stenosis

and performed lumbar decompression. The patient’s symptoms

were more severely exacerbated after surgery. The orthopedic

surgeon could not explain the cause of the aggravation. Finally,

the patient was diagnosed by MDT (Figure 3). Two patients

with atypical MRI findings were treated based on a misdiagnosis
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TABLE 3 Clinical characteristics of the included 22 patients.

No. Group Initial symptoms Diagnosed

symptoms

Lesion

level

MRI findings Duration Signs Inclusion criteria for

categorized group

1 A Numbness of lower limbs and

perineal area,

weakness,dysuria.

Same with the initial

symptoms

Sacrococcygeal

region

T2-hyperintense signals in the

thoracic spinal cord,vascular

flow empty in the spinal cord

ventral and dorsal; vessels

tortuous on the lumbar dural

surface.

7 UMN and

LMN

The orthopedic surgeon suspected a

spinal DAVF, MDT consultation and

made a definite diagnosis

2 A Numbness and weakness of

limbs, spastic gait

Same with the initial

symptoms

C1 High cord T2 signal and flow

voids in cervical spinal

10 UMN and

LMN

The orthopedic surgeon confirmed the

diagnosis

3 A Weakness of lower

limbs,dysuria,neurogenic

claudication

Same with the initial

symptoms

T8–9 High cord T2 signal and flow

voids

2 UMN The orthopedic surgeon confirmed the

diagnosis

4 A Numbness of lower limbs,

weakness,dysuria

Same with the initial

symptoms

T9–10 High cord T2 signal and flow

voids

7.5 UMN The orthopedic surgeon suspected a

spinal DAVF, MDT consultation and

made a definite diagnosis

5 A Numbness of lower

limbs,urinary incontinence

Same with the initial

symptoms

T10–11 High cord T2 signal and flow

voids

9 UMN The orthopedic surgeon confirmed the

diagnosis

6 A Weakness of lower limbs,

urinary retention

Same with the initial

symptoms

T11–12 High cord T2 signal and flow

voids

6.5 LMN Orthopedic surgeon suspected a spinal

DAVF, MDT consultation and made a

definite diagnosis

7 A Numbness of lower limbs,

weakness,low back pain

Same with the initial

symptoms

L1 High cord T2 signal and flow

voids

5 LMN The orthopedic surgeon suspected a

spinal DAVF, MDT consultation and

made a definite diagnosis

8 A Numbness of lower limbs,

weakness

Same with the initial

symptoms

T8–9 High cord T2 signal and flow

voids

9 UMN The orthopedic surgeon suspected a

spinal DAVF, MDT consultation and

made a definite diagnosis

9 A Numbness of lower limbs,

weakness, low back pain,

dysuria

Same with the initial

symptoms

T11–12 High cord T2 signal and flow

voids,spinal stenosis.

10 UMN and

LMN

The orthopedic surgeon suspected a

spinal DAVF, MDT consultation and

made a definite diagnosis

10 A Numbness of lower limbs,

weakness, gatism

Same with the initial

symptoms

T12 High T2 signal but no flow

voids

16 LMN Doesn’t explain the symptoms,MDT

consultation and made a definite

diagnosis.

(Continued)
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TABLE 3 (Continued)

No. Group Initial symptoms Diagnosed

symptoms

Lesion

level

MRI findings Duration Signs Inclusion criteria for

categorized group

11 B Weakness of right lower limb,

low back pain, neurogenic

claudication, dysuria

Numbness of lower

limbs, weakness,walking

with a cane

T10–11 High cord T2 signal and flow

voids, Lumbar disc herniation

9 UMN and

LMN

Misdiagnosed as lumbar disc herniation

12 B Numbness of lower limbs,

weakness, low back pain,

urinary incontinence

Paraparesis, sensory

disturbances, walking

with a cane,urinary

incontinence

T11 High cord T2 signal and flow

voids, Lumbar disc herniation

16 LMN Misdiagnosed as lumbar disc herniation

13 B Numbness of lower limbs,

weakness, low back pain,

urinary incontinence

Paraparesis,urinary

incontinence

L1–2 High cord T2 signal and flow

voids, lumbar disc herniation

14 LMN Misdiagnosed as lumbar disc herniation

14 B Numbness of lower limbs,

weakness,dysuria

Paraparesis,urinary

incontinence

T11–12 High cord T2 signal and flow

voids, lumbar spinal stenosis

17 UMN and

LMN

Misdiagnosed as lumbar spinal stenosis

and myelitis

15 B Numbness of lower limbs,

weakness,dysuria

Paraparesis,loss of

sphincter control.

T9–10 High cord T2 signal and flow

voids, lumbar spinal stenosis

19 UMN Misdiagnosed as lumbar spinal stenosis

and prostatic hyperplasia

16 B Numbness of lower limbs,

weakness, low back pain

Paraplegia, T8–9 High cord T2 signal and flow

voids, lumbar disc herniation

12 UMN Misdiagnosed as lumbar disc herniation

17 B Numbness of lower limbs,

weakness

Paraplegia,dysuria T6 High cord T2 signal and flow

voids, lumbar spinal stenosis

11.5 UMN Misdiagnosed as lumbar spinal stenosis

and myelitis

18 B Numbness of lower limbs,

gatism

Severe paraparesis, loss

of sphincter control

T10–11 High cord T2 signal and flow

voids,lumbar spinal stenosis

17.5 UMN and

LMN

Misdiagnosed as lumbar spinal stenosis

and prostatic hyperplasia

19 B Weakness of lower limbs,

urinary retention

Numbness of lower

limbs, weakness,dysuria

L1–2 High cord T2 signal and flow

voids, lumbar spinal stenosis

14.5 UMN and

LMN

Misdiagnosed as lumbar spinal stenosis

and spinal cord tumo

20 B Weakness of lower limbs,

dysuria

Severe quadriplegia,loss

of sphincter control.

T9 High cord T2 signal and flow

void in the thoracic spinal

cord, cervical stenosis, lumbar

stenosis

28 UMN Misdiagnosed as cervical spinal stenosis

and lumbar spinal stenosis

21 B Numbness of lower limbs,

weakness

Paraplegia,dysuria T9–10 No typical high T2 signal and

flow voids

13.5 UMN Misdiagnosed as thoracic spinal stenosis

22 B Numbness of lower limbs,

dysuria

Severe paraparesis,loss of

sphincter control.

T10–11 High T2 signal but no flow

voids

19 UMN Misdiagnosed as thoracic spinal stenosis
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FIGURE 1

Case 1. A 49-year-old woman sought treatment 7 months after the onset of initial clinical symptoms of numbness and weakness of the bilateral

lower limbs with urinary disturbance. The patient was first evaluated at the orthopedics clinic. An orthopedic surgeon suspected a spinal DAVF

based on thoracic and lumbar MRI, which showed thoracic spinal cord edema and beaded changes on the dorsal side (a) (white arrow: “beaded”

dilated flow void signals, black arrow: spinal cord edema) and tortuosity and dilation of the lumbar dural surface vessels (b) (white arrow:

tortuous flow void signals). After MDT consultation, angiography performed by a neurosurgeon showed that the fistula was located in the

sacrococcygeal region (c). MRI 6 months after surgery showed that spinal cord edema and signs of flow voids had subsided (d,e).

FIGURE 2

Case 2. A 73-year-old man who did not have typical signs of

spinal cord edema and vessel flow voids on the cord on MRI (a)

(white arrow: Atypical angiogram). This patient was

misdiagnosed with thoracic spinal stenosis by an orthopedic

surgeon. His symptoms were not completely consistent with the

symptoms of thoracic spinal stenosis and worsened after he was

treated for thoracic spinal stenosis. After MDT consultation, the

diagnosis of spinal DAVF was confirmed via DSA performed by a

neurosurgeon. The fistula was located at T9-10 (b).

of thoracic spinal stenosis by an orthopedic surgeon based

on pathological signs on physical examination (case 2). The

remaining five patients were misdiagnosed with lumbar spinal

stenosis and were treated with neurotrophic treatment, physical

therapy or oral non-steroidal anti-inflammatory analgesics.

These patients were misdiagnosed with myelitis, spinal cord

tumor and prostate hyperplasia during consultation with a

neurologist and urologist.

Treatment e�ectiveness

All patients eventually underwent microsurgery treatment.

The average follow-up duration was 11 months. In group A,

the average time to confirmed diagnosis was 8.2 ± 1.4 months

(range, 2–16 months). In group B, the average time to confirmed

diagnosis was 15.9 ± 1.6 months (range: 2–24 months), and

a significant difference was identified between the two groups

(t = 12.04, p < 0.0001, Table 1). The average time to delayed

diagnosis was 7 months in group B. The average follow-up

period for both groups was 11 months (range: 0.5 to 1 year).

At the last follow-up, The modified Aminoff-Logue Disability

Scale scores showed statistically significant differences in terms

of changes of the scores between preoperation and last follow-

up in each group (P = 0.008 in group A and P = 0.021 in group

B), scores between group A and group B at the last follow-up (P

= 0.008), and improvement of the scores at the last follow-up

between the two groups (P = 0.032) (Table 4).

Discussion

Initial symptoms and diagnosed
symptoms

Our patients were predominantlymen, accounting for 83.3%

of all patients, and the diagnosis was most frequent in the

early sixth decade, which is in agreement with previous series
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FIGURE 3

Case 3. A 59-year-old man was first evaluated at the orthopedic clinic because of “progressive lower extremity weakness and di�culty urinating

for 2 month.” Cervical spine MRI shows spinal stenosis (a), edema and signs of flow voids in the thoracic spinal cord, which are typical

manifestations of a DVF (b) (white arrow: “beaded” dilated flow void signals, black arrow: spinal cord edema), and lumbar spinal canal stenosis

(c). However, the orthopedic surgeon ignored the diagnosis of a DVF; he first performed cervical spinal canal expansion and decompression

(d,e) and then misdiagnosed the disease as cauda equina syndrome caused by lumbar spinal stenosis and performed lumbar spinal canal

decompression (f,g). These interventions aggravated the disease. The patient presented at our hospital approximately 9 months after the

surgeries. After MDT consultation, angiography performed by a neurosurgeon confirmed that the fistula was at the T9 level (h).

TABLE 4 Amino�–Logue scores before and after treatment.

Group n Modified Aminoff–Logue myelopathy score

Preoperative Last follow–up Preoperative–last follow–up

A 10 6.20± 2.20a,c 3.30± 2.16a,d 2.90± 1.20e

B 12 7.76± 2.23b,c 5.75± 1.71b,d 1.92± 0.79e

a,b,d,e , the P–values of the comparisons between the two groups were 0.008, 0.021, 0.008, and 0.032, respectively, (statistical significant). c , the P–value of the comparison between the two

groups was 0.116 (statistical significant).

(12–16). SDAVF has an insidious onset in most patients and

most of the initial symptoms lack specificity. The clinical

manifestations mainly included limb numbness, weakness,and

bladder and bowel dysfunction (4, 17). Rajanandini reviewed

153 patients with SDAVF,and the presenting symptoms included

leg weakness (74 patients, 48.4%), leg sensory disturbances (41

patients, 26.8%), and sphincter disturbances (six patients, 3.9%)

(18);Jellema K et al. reported that the most common symptoms

were micturition problems (80%), leg weakness (78%), and

numbness in the legs or buttocks (69%). The combination of

all three symptoms was present in 58% of patients (7), higher

than the 45% in our study. Other rare symptoms include back

pain, and the symptom was back pain in 20% of our patients

similar to other series (19, 20). Because this disease is prevalent

in the thoracolumbar spinal cord, more than 80% of patients

have fistulas located between the sixth thoracic vertebrae and the

second lumbar spinal vertebrae (T6–L2) (21); In our research,

the lesions were mainly located in the lower thoracic and

thoracolumbar segments (81%). In group A, the lesion of 1

case located in C1, one case in the sacrococcygeal region, three

cases in the lower thoracic vertebra (T5–10), and five cases in

the thoracolumbar segment (T10–L2). In group B, the lesions
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of five cases located in the lower thoracic segment and seven

cases in the thoracolumbar segment. There seems to be no

obvious differences between group A and group B in regard to

the lesion location(Table 3). Seventy –seven percentage of the

patients (15) had UMN sign or the combined sign of UMN and

LMN, which was higher than that reported in literature (18).

The possible reason for this phenomenon might be that despite

the lesions of some patients located in the lumbar segment, the

thoracic spinal cord was also damaged due to the spread of spinal

cord edema. in our study, most orthopedic surgeons treated the

patients for lumbar degenerative diseases, and there seemed to

be a lack of detailed physical examination of the patients in

the clinic.

Analysis of imaging findings

Spinal MRI is often the first choice of investigation. These

images include (1) T2 hyperintense signals within the cord, (2)

spinal cord expansion, and (3) vessel flow voids on the dorsal

and/or ventral aspect of the cord. In chronic cases of SDAVF,

there may be some spinal cord atrophy (22, 23). In our research,

19 patients (86%) had an area of T2 high signal intensity and

flow void in the spinal cord, and the statistics are consistent

with literature (18, 21, 23). There are also very few patients

who do not have the above typical findings on MRI (24). As

we demonstrated in case 2, there were no typical signs of spinal

cord edema or vessel flow voids on the spinal cord on MRI.

For these patients, DSA can be performed, and DSA is the

gold standard.

In this study, although most orthopedic surgeons may

not have been able to diagnose this disease initially, they

had been able to identify the presence of abnormal MRI

findings. However, in three patients who had typical MRI

manifestations, orthopedic surgeons did not recognize the

abnormal images, reflecting an ongoing lack of knowledge and

awareness among treating physicians of this rare but serious

disease (25). Misdiagnosis is most common in patients who

have both venous fistulas and spinal degenerative diseases.

Seven (58%) patients had been diagnosed with both diseases

in group B, a proportion that was obviously higher than

that in group A. One possible reason for misdiagnosis is

that orthopedic surgeons often consider a diagnosis based

on their own expertise and ignore the possibility of an

arteriovenous fistula (case 3). Furthermore, in this study,

four patients in the misdiagnosis group underwent MRI

examinations that were limited to the lumbar spine. This

approach may lead to misdiagnosis. Therefore, physical

examination is indispensable for orthopedic patients. If

symptoms representing upper motor neuron (UMN) signs

are present, thoracic and cervical spine MRI should be

performed (21).

Analysis of treatment outcomes

The surgical procedure showed good results in terms

of neurologic improvement (26–30). There is also a study

that says that the improvement was non-significantly

associated with younger age, acute onset, ambulant

status and fistula below T9. However, in general, delays

in the diagnosis and treatment of SDAVF appear to be

associated with worse clinical outcomes for patients. In

this study, the misdiagnosis group had poorer outcomes,

which is consistent with the previous literature. Therefore,

orthopedic surgeons who initially encounter patients

with a SDAVF should have appropriate awareness of this

disease. It should be emphasized that lumbar puncture,

steroids or inappropriate surgery should be avoided

until a SDAVF is completely excluded because these

procedures can lead to rapid deterioration of neurological

symptoms (2, 31, 32).

Analysis of the causes of misdiagnosis

(1) SDAVF is a rare neurosurgical disease, with an annual

incidence of only 5 to 10 cases per million (33), and some

orthopedic surgeons lack adequate awareness of this disease.

(2) The early symptoms for SDAVF patients are similar to

those of degenerative spine diseases. Specialists often consider

diagnoses based on their own expertise and ignore the

possibility of a SDAVF diagnosis. (3) Orthopedic surgeons may

have insufficient understanding of imaging findings, especially

MRI images showing worm-like tortuosity and dilation of

vessels. (4) If a patient has concomitant degenerative spine

diseases, surgeons may quickly assume that the disease is

strictly orthopedic disease and misdiagnose it. (5) The surgeon

may not perform a careful physical examination or collect

the patient’s medical history, which may cause necessary

imaging studies to be ignored, even when pathological signs

are present.

Countermeasures

In patients who present with limb numbness, weakness,

bladder and bowel dysfunction, and upper motor neuron

(UMN) signs present on physical examination, SDAVF is

one of the diagnoses that should spring to mind; lumbar,

thoracic and cervical spine MRI should be performed (21).

If there are typical spinal cord edema and flow voids

on MRI and degenerative spine diseases are excluded, a

SDAVF can be diagnosed by DTM and DSA and can be

treated by neurosurgery. If a SDAVF is associated with

degenerative spine diseases, neurosurgery should be followed by

orthopedic treatment.
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FIGURE 4

A detailed diagnosis and treatment flowchart for orthopedic surgeons.

If there is no typical spinal cord edema or flow voids on

MRI, but there is evidence of degenerative spine diseases that

can explain the present symptoms, a SDAVF can be treated by

orthopedics; if there are no spinal edema and flow voids but

there are degenerative spine diseases, then DTM is required or

even DSA examination to exclude the possibility of a SDAVF.

A detailed diagnosis and treatment flowchart for orthopedic

surgeons is shown in Figure 4.

However, in cases where MDT cannot be carried out

in clinics, When common spinal stenosis fail to explain the

symptoms,the possibility of spinal DAVFs should be considered.

If lumbar MRI shows conus medullaris lesions, thoracic MRI
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should be performed, and recommended that the patients can be

transferred to a higher medical institutions for further diagnosis.

Limitations

This study has limitations; mainly, it is a single-center

retrospective study with a small sample size and a short follow-

up period. Although there were many limitations, we attempted

to enhance the understanding of this disease among orthopedic

physicians to improve diagnostic accuracy.

Conclusion

Recommendations for orthopedic surgeons are as follows:

In patients, especially those with limb numbness, weakness, and

bladder and bowel dysfunction, diagnoses based exclusively on

orthopedic expertise that ignore the possibility of a SDAVF

diagnosis should not be considered. In addition to the routine

observation of signs of spinal degeneration on MRI, attention

should also be paid to signs such as spinal cord edema and

flow voids. Timely MDT consultation is an important measure

for reducing misdiagnosis, and lumbar puncture, steroids or

inappropriate surgery should be avoided until a SDAVF is

completely excluded.

Data availability statement

The original contributions presented in the study are

included in the article/supplementary material, further inquiries

can be directed to the corresponding author/s.

Ethics statement

This study was reviewed and approved by the Ethics

Committee of the Second Affiliated Hospital of Xi’an Jiaotong

University and complied with the guidelines outlined in the

declaration of Helsinki. The patients/participants provided their

written informed consent to participate in this study.

Author contributions

BY designed the experiments. TL and XH performed the

experiments. BY and XH collected and analyzed the data. TL and

HL drafted manuscript. All authors contributed to the article

and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Amanieu C, Hermier M, Peyron N, Chabrol A, Deiana G, Manera L.
Spinal dural arteriovenous fistula. Diagn Interv Imaging. (2014) 95:897–902.
doi: 10.1016/j.diii.2013.08.007

2. Hunt R, Roberts RM, Mortimer AM. Spinal dural arteriovenous fistula: delay
to radiological diagnosis and sources of radiological error. Clin Radiol. (2018)
73:e811–835. doi: 10.1016/j.crad.2018.05.010

3. Ma Y, Chen S, Peng C, Wang C, Li G, He C, et al. Clinical outcomes
and prognostic factors in patients with spinal dural arteriovenous fistulas: a
prospective cohort study in two Chinese centres. BMJ Open. (2018) 8:e019800.
doi: 10.1136/bmjopen-2017-019800

4. Babichev KN, Orlov VP. Stanishevskiy AV, Savello AV, Svistov DV.
[Spinal dural arteriovenous fistulas a series of clinical cases and an analysis
of the literature data]. Zh Vopr Neirokhir Im N N. (2017) 81:33–44.
doi: 10.17116/neiro201781433-42

5. Wolinsky JP, Pardo CA. Gailloud P. Analysis of 30 spinal angiograms
falsely reported as normal in 18 patients with subsequently documented
spinal vascular malformations. AJNR Am J Neuroradiol. (2017) 38:1814–9.
doi: 10.3174/ajnr.A5275

6. Nasr DM, Morris JM. Rabinstein AA, Lanzino G. Clinical outcomes of
patients with delayed diagnosis of spinal dural arteriovenous fistulas. AJNR Am
J Neuroradiol. (2016) 37:380–6. doi: 10.3174/ajnr.A4504

7. Du B, Liang M, Fan C, Lu X, Zhang H, Li Q, et al. Clinical and
imaging features of spinal dural arteriovenous fistula: clinical experience of
15 years for a major Tertiary hospital. World Neurosurg. (2020) 138:e177–e82.
doi: 10.1016/j.wneu.2020.02.058

8. Canta LR, Tijssen CC. van Rooij WJ, Koudstaal PJ, van Gijn J. Spinal
dural arteriovenous fistulas: clinical features in 80 patients. J Neurol Neurosurg
Psychiatry. (2003) 74:1438–40. doi: 10.1136/jnnp.74.10.1438

9. Krings T, Lasjaunias PL, Hans FJ, Mull M, Nijenhuis RJ, Alvarez H, et al.
Imaging in spinal vascular disease. Neuroimaging Clin N Am. (2007) 17:57–72.
doi: 10.1016/j.nic.2007.01.001

10. Mathon B, Gallas S, Tuillier T, Bekaert O, Decq P, Brugieres P, et al.
[Intracranial dural arteriovenous fistula with perimedullary venous drainage:
Anatomical, clinical and therapeutic considerations about one case, and review of
the literature]. Neurochirurgie. (2013) 59:133–7. doi: 10.1016/j.neuchi.2013.04.009

11. Ronald AA, Yao B, Winkelman RD, Piraino D, Masaryk TJ, Krishnaney AA.
Spinal Dural Arteriovenous Fistula: Diagnosis, Outcomes, and Prognostic Factors.
World Neurosurg. (2020). doi: 10.1016/j.wneu.2020.08.126

12. Safaee MM, Clark AJ. Burkhardt JK, Winkler EA, Lawton MT.
Timing, severity of deficits, and clinical improvement after surgery for
spinal dural arteriovenous fistulas. J Neurosurg Spine. (2018) 29:85–91.
doi: 10.3171/2017.11.SPINE17988

Frontiers inNeurology 10 frontiersin.org

https://doi.org/10.3389/fneur.2022.938342
https://doi.org/10.1016/j.diii.2013.08.007
https://doi.org/10.1016/j.crad.2018.05.010
https://doi.org/10.1136/bmjopen-2017-019800
https://doi.org/10.17116/neiro201781433-42
https://doi.org/10.3174/ajnr.A5275
https://doi.org/10.3174/ajnr.A4504
https://doi.org/10.1016/j.wneu.2020.02.058
https://doi.org/10.1136/jnnp.74.10.1438
https://doi.org/10.1016/j.nic.2007.01.001
https://doi.org/10.1016/j.neuchi.2013.04.009
https://doi.org/10.1016/j.wneu.2020.08.126
https://doi.org/10.3171/2017.11.SPINE17988
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Yang et al. 10.3389/fneur.2022.938342

13. Fiaschi P, Prior A, Sbaffi PF, Bizzi F, D’Andrea A, Cagetti B, et al. spinal
dural arteriovenous fistulas: clinical results and quality of life assessment with
surgical treatment as a crucial therapy. The joint experience of two centers.World
Neurosurg. (2019) 122:e270–e8. doi: 10.1016/j.wneu.2018.10.019

14. Nikoubashman GAS, Dafotakis M, Hans F, Mull M. Clinical and radiologic
characteristics of deep lumbosacral dural arteriovenous fistulas. AJNR Am J
Neuroradiol. (2018) 39:392–8. doi: 10.3174/ajnr.A5497

15. Kiyosue H, Matsumaru Y, Niimi Y, Takai K, Ishiguro T, Hiramatsu
M. et al. Angiographic and clinical characteristics of thoracolumbar
spinal epidural and dural arteriovenous fistulas. Stroke. (2017) 48:3215–22.
doi: 10.1161/STROKEAHA.117.019131

16. van Dijk JM. terBrugge KG, Willinsky RA, Wallace MC. Multidisciplinary
management of spinal dural arteriovenous fistulas: clinical presentation
and long-term follow-up in 49 patients. Stroke. (2002) 33:1578–83.
doi: 10.1161/01.STR.0000018009.83713.06

17. Wilbers J, Meijer FJ, Tuladhar A, de Vries J, van Dijk E, Boogaarts JD. [Spinal
dural arteriovenous fistula: frequently diagnosed late]. Ned Tijdschr Geneeskd.
(2013) 157:A5909.

18. Gogu AE, Pusztai A, Stroe AZ, Docu Axelerad D, Docu Axelerad A.
Back pain in rare diseases: a comparison of neck and back pain between spinal
cord ischemia and spinal dural arteriovenous fistula. Brain Sci. (2020) 10:618.
doi: 10.3390/brainsci10090618

19. Muralidharan R, Saladino A, Lanzino G, Atkinson JL, Rabinstein AA. The
clinical and radiological presentation of spinal dural arteriovenous fistula. Spine.
(2011) 36:E1641–7. doi: 10.1097/BRS.0b013e31821352dd

20. Takai K, Taniguchi M. Clinical and neuroimaging findings of spinal dural
arteriovenous fistulas: How to avoid misdiagnosis of this disease. J Orthop Sci.
(2019) 24:1027–32. doi: 10.1016/j.jos.2019.07.014

21. Pendharkar AV, Azad TD. Ratliff JK, Veeravagu A. A descriptive
analysis of spinal cord arteriovenous malformations: clinical features,
outcomes, and trends in management. World Neurosurg. (2019) 131:e579–85.
doi: 10.1016/j.wneu.2019.08.010

22. Hameed S, Taimuri B, Sajid M, Siraj F, Kamal A. Progressive paraplegia due
to spinal dural arteriovenous fistula: a rare but treatable diagnosis that should not
be missed. Cureus. (2019) 11:e5893. doi: 10.7759/cureus.5893

23. Lim YM, Suh DC. Rhim SC, Kim SJ, Kim KK. Clinical presentation, imaging
findings, and prognosis of spinal dural arteriovenous fistula. J Clin Neurosci. (2016)
26:105–9. doi: 10.1016/j.jocn.2015.06.030

24. Oki S, Osanai T, Tokairin K, Takamiya S, Yamazaki K, Imai T, et al. rare case
of spinal dural arteriovenous fistula with radiculopathy, without myelopathy or
spinal edema onmagnetic resonance imaging.World Neurosurg. (2020) 138:404–7.
doi: 10.1016/j.wneu.2020.03.138

25. Jablawi F, Schubert GA, Dafotakis M, Pons-Kühnemann J, Hans FJ, Mull
M. Long-term outcome of patients with spinal dural arteriovenous fistula:
the dilemma of delayed diagnosis. AJNR Am J Neuroradiol. (2020) 41:357–63.
doi: 10.3174/ajnr.A6372

26. Qi X, Lv L, Han K, et al. Analysis of the embolization spinal dural
arteriovenous fistula and surgical treatments on 52 cases of the patients. Int J Clin
Exp Med. (2014) 7:3062–71.

27. Zogopoulos P, Nakamura H, Ozaki T, Asai K, Ima H, Kidani T, et al.
Endovascular and surgical treatment of spinal dural arteriovenous fistulas:
assessment of post-treatment clinical outcome. Neurol Med Chir. (2016) 56:27–32.
doi: 10.2176/nmc.oa.2015-0100

28. Schick U, Hassler W. Treatment and outcome of spinal dural arteriovenous
fistulas. Eur Spine J. (2003) 12:350–5. doi: 10.1007/s00586-002-0487-6

29. Hessler C, Regelsberger J, Grzyska U, Illies T, Zeumer H, Westphal M.
Therapeutic clues in spinal dural arteriovenous fistulas - a 30 year experience of
156 cases. Cent Eur Neurosurg. (2010) 71:8–12. doi: 10.1055/s-0029-1224195

30. Kitazaki Y, Ueno A, Maeda K, Asano R, Miyayama S, Takabatake Y.
[Spinal dural arteriovenous fistula presented with rapidly progressive myelopathy,
longitudinally extensive spinal cord lesion, pleocytosis with polymorphonuclear
predominance, and decreased cerebrospinal fluid glucose levels: a case report].Clin
Neurol. (2020) 60:699–705. doi: 10.5692/clinicalneurol.cn-001472

31. Dhandapani S, Gupta A, Singh J, Sharma BS, Mahapatra AK, Mehta
VS. Spinal dural arterio-venous fistula: clinico-radiological profile and outcome
following surgical occlusion in an Indian neurosurgical center.Neurol India. (2013)
61:406. doi: 10.4103/0028-3886.117616

32. Marino RJ, Oleson CV. Simon JI, McCormick ZL. Paralysis after
lumbar interlaminar epidural steroid injection in the absence of hematoma:
a case of congestive myelopathy due to spinal dural arteriovenous fistula
and a review of the literature. Am J Phys Med Rehabil. (2020) 99:e107–10.
doi: 10.1097/PHM.0000000000001325

33. Wojciechowski J, Kunert P, Nowak A, Dziedzic T, Czernicki T, Wójtowicz
K, et al. Surgical treatment for spinal dural arteriovenous fistulas: Outcome,
complications and prognostic factors. Neurol Neurochir Pol. (2017) 51:446–53.
doi: 10.1016/j.pjnns.2017.07.001

Frontiers inNeurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2022.938342
https://doi.org/10.1016/j.wneu.2018.10.019
https://doi.org/10.3174/ajnr.A5497
https://doi.org/10.1161/STROKEAHA.117.019131
https://doi.org/10.1161/01.STR.0000018009.83713.06
https://doi.org/10.3390/brainsci10090618
https://doi.org/10.1097/BRS.0b013e31821352dd
https://doi.org/10.1016/j.jos.2019.07.014
https://doi.org/10.1016/j.wneu.2019.08.010
https://doi.org/10.7759/cureus.5893
https://doi.org/10.1016/j.jocn.2015.06.030
https://doi.org/10.1016/j.wneu.2020.03.138
https://doi.org/10.3174/ajnr.A6372
https://doi.org/10.2176/nmc.oa.2015-0100
https://doi.org/10.1007/s00586-002-0487-6
https://doi.org/10.1055/s-0029-1224195
https://doi.org/10.5692/clinicalneurol.cn-001472
https://doi.org/10.4103/0028-3886.117616
https://doi.org/10.1097/PHM.0000000000001325
https://doi.org/10.1016/j.pjnns.2017.07.001
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Spinal dural arteriovenous fistula: A rare but treatable disease that should not be missed by orthopedic surgeons
	Introduction
	Methods
	Results
	General patient data
	Initial symptoms and diagnosed symptoms
	Imaging data
	Misdiagnosed disease and its treatment
	Treatment effectiveness

	Discussion
	Initial symptoms and diagnosed symptoms
	Analysis of imaging findings
	Analysis of treatment outcomes
	Analysis of the causes of misdiagnosis
	Countermeasures
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


