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Background: Spinal dural arteriovenous fistula (SDAVF) is an extremely rare spinal vascular malformation.
As SDAVF exhibits no specific clinical manifestations nor diverse imaging results, it is easily misdiagnosed,
resulting in delayed treatment and irreversible neurological damage. Most patients were initially
misdiagnosed, but there were few reports on reducing misdiagnosis.

Methods: A total of 32 consecutive patients, who presented to our institution (Shanghai Deji Hospital)
with SDAVF between June 2013 and January 2016 were retrospectively analyzed. Data were collected on
demographics, clinical presentation, imaging findings, follow-up, and clinical outcomes. The Aminoff-Logue
scale (ALS) was used to assess clinical outcomes.

Results: Of the 32 enrolled patients (3 females, mean age 59.1£3.8 years), 23 patients (71.9%) were
misdiagnosed as acute myelitis (11 patients), intramedullary tumors (6 patients), lumbar disc herniation
(4 patients), and other conditions (2 patients). All patients underwent surgical procedures under
electrophysiological monitoring. Fistulas were found in all 32 patients and were successfully occluded.
The mean follow-up period was 19.22+8.21 months (ranging from 2 weeks to 30 months). One year later,
20 patients underwent magnetic resonance imaging (MRI), and 14 showed no T2 edema, and the edema
was relieved in 6 patients. A total of 10 patients underwent enhancement MRI and no enhancement signs
were detected. Among the 27 patients with long-time follow-up, the fistula had no residual or recurrence,
21 patients showed decreased ALS scores (P<0.05). Six patients exhibited nonsignificant improvement. No
aggravating patient was found. Prognosis differed significantly between patients with ALS <6 and those with
ALS 26 (P<0.05).

Conclusions: Spinal angiography should be performed with full intubation, and microcatheter angiography
can reduce misdiagnosis. SDAVF must be differentiated from acute myelitis, intramedullary tumor, and other

spinal vascular malformations. Microsurgical treatment is effective with a low recurrence rate.
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Introduction

Spinal dural arteriovenous fistula (SDAVF) refers to the
dural branch of the radicular artery, which passes through
the intervertebral foramen at the proximal dura of the spinal
nerve root and communicates abnormally with the root
vein of the spinal cord (1,2). SDAVF is the most common
type of vascular malformation of the spinal cord and tends
to occur during middle and older age. The ratio of males to
females with SDAVF ranges from 5:1 to 9:1. The expected
annual incidence is 5-10 new cases per million individuals,
accounting for 70-80% of the arteriovenous shunt diseases
of the spinal cord (3-8).

The main pathological changes in SDAVE, including
chronic medullary venous hypertension, blood stasis,
spinal cord edema, ischemia, and hypoxia, lead to venous
congestive spinal cord disease (2,3), which in turn results
in a series of clinical manifestations such as limb sensory
abnormalities, as well as decreased muscle strength and
sphincter dysfunction. However, if SDAVF is correctly
diagnosed in a timely manner, it can be treated effectively
by blocking the fistula and interrupting the pathological
changes in the spinal vein hypertension before any
irreversible changes to spinal nerve function occur.

However, SDAVE, especially in the early stages of the
disease, is often misdiagnosed as acute encephalomyelitis,
intramedullary spinal cord tumors, and other spinal
arteriovenous shunt diseases due to the lack of specific
and atypical imaging findings. Some patients cannot be
clearly diagnosed for a prolonged period of time, which can
delay their treatment, resulting in irreversible spinal nerve
function injury (9,10).

This study summarized our experience of diagnosing
and treating spinal dural arteriovenous fistulas, especially
the atypical and misdiagnosed cases. We have formulated
an explorative diagnostic process for these unique cases.
The misdiagnosis was significantly reduced. We present the
following article in accordance with the STROBE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-3568/rc).

Methods
General information

A retrospective analysis of consecutive patients with
angiographic-confirmed dural arteriovenous fistulas
admitted from June 2013 to January 2016. A total of
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32 patients, including 29 males and 3 females, with an
average age of 59.1£3.8 years (range, 32-75 years) were
enrolled. The disease course ranged from 4 days to
60 months, with an average duration of 14.7+5.16 months.
The clinical manifestations included defecation dysfunction
in 27 cases (84.4%), weakness in 25 cases (78.1%), numbness
in 23 cases (71.9%), pain in 9 cases (28.1%), paraplegia in
3 cases (9.4%), constrictive band sensation around the waist
in 3 cases (9.4%), and subarachnoid hemorrhage (headache,
nausea, and vomiting) in 2 cases (6.2%). The most common
complaints were urinary dysfunction, sensory dysfunction,
and limb weakness. Symptoms in 5 of the patients were
exacerbated after embolization in the external hospital, and
recurrence was found after imaging examination. Spinal
cord neurological function was assessed by the modified
Aminoff-Logue scale (ALS) (11) and the patients were
divided into 2 groups depending on their ALS, namely
the excellent group with ALS <6 points and the moderate
group with ALS >6 points. We found that patients with
ALS <6 points had better postoperative improvement than
those with ALS >6 points before surgery. The study was
conducted following the Declaration of Helsinki (as revised
in 2013). This study was approved by the Ethics Committee
of Shanghai Deji Hospital (No. 2016-05). Written informed
consent was obtained from the patient.

Imaging evaluation

All 32 patients underwent magnetic resonance imaging
(MRI) before the operation, and 28 (87.5%) patients had
the T2-weighted continuous hyperintense signals. There
were 20 patients of ventral and dorsal sulcus observed
on the T2-weighted images (T2WI) and fat suppression
(FATSAT). The T2WI and FATSAT images showed
“wormlike” cavitation of blood vessels on the ventral and
dorsal sides of the spinal cord in 20 cases and tortuous
and disorderly striated blood vessels on the surface of
the coronal spinal cord in 6 cases. Enhanced MRI was
performed on 20 patients before surgery, including
10 patients with focal and linear enhancement on the surface
of the spinal cord and 6 patients with patchy enhancement
of the spinal cord. A total of 15 patients underwent magnetic
resonance angiography (MRA) before the operation, and
all showed abnormal vascular shadows in the spinal canal.
Occasionally, the proximal drainage vein was displayed,
which may indicate a fistula. A spinal vascular digital
subtraction angiography (DSA) examination was performed
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before the operation. The drainage vein could ascend or
descend for a long distance, the venous blood flow was
slow, and the circulation time was prolonged. The fistula
was located in the middle thoracic segment in 11 patients
(34.4%), the lower thoracic segment in 8 patients (25.0%),
the lumbar segment in 7 patients (21.9%), and the cranial-
cervical junction area in 6 patients (18.8%). There were
21 patients (65.6%) on the left side and 11 patients (34.4%)
on the right side. There were 29 patients of a single blood
supply artery, 2 patients of double-branch arteries, and
1 padient of triple-branch arteries.

Microsurgical treatment and intraoperative monitoring

According to the position of the fistula determined by DSA,
a spine X-ray was performed before the operation to identify
the vertebral body segment where the fistula was located.
Microsurgery under general anesthesia was performed
with the patient lying prone. From the lesion side of the
hemilaminectomy, the fistula was explored in the dura
mater near the nerve root sheath sleeve, and the drainage
vein was identified by Doppler ultrasound. If the proximal
drainage vein at the fistula was temporarily blocked, all
of the drainage vessels on the surface of the spinal cord
collapsed, which decreased the tension, darkened the
color, and cause the noise to disappear. By applying bipolar
cauterization, the drainage vein at the proximal end of the
fistula was disconnected, and electrocoagulation was used to
cauterize the two ends of the drainage vein. The potential
collateral branch vessels of the SDAVF were occluded by
electrocoagulation of the dura mater near the fistula. Injury
to the spinal cord, spinal nerves, and their supply of blood
vessels and drainage veins was avoided during the surgery.
All patients underwent surgical procedures under
electrophysiological monitoring, including measurement
of somatosensory evoked potentials (SEP), motor evoked
potentials (MEP), and electromyography (EMG). After
successful anesthesia, a set of waveforms was recorded
as a baseline for comparison with the monitoring results
during and after surgery. The SEP alarm was typically
set to indicate a >50% decrease in amplitude and a >10%
increase in latency. The standard MEP warning was “all”
or “none”. A high-frequency burst-type electrical activity
waveform prompted the EMG alarm. During the operation,
if the SEP, MEP, or EMG prompted an early warning, the
surgeon suspended the operation and observed the change
in the waveform. The surgeon would then determine
the presence of a spinal cord or nerve injury, correct the
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operation mode, and continue the operation when the
waveform reached the baseline level.

Follow-up

During the follow-up, neurological function was evaluated
using the ALS score as follows: if the score was unchanged
or increased by >1, there was no improvement; if the score
was reduced by >1, there was improvement. The MRI and
MRA results were reviewed and compared with preoperative
images in terms of spinal edema and abnormal blood
vessels. Some patients were hospitalized to undergo DSA
to determine the presence of any residual or recurrence of
the fistula. However, most patients who showed improved
symptoms, including dissipation of spinal cord edema and
disappearance of abnormal vascular flow on MRI, refused to
undergo a repeat DSA.

Statistical analysis

Data were statistically analyzed using IBM SPSS software
(version 19; IBM Corp., Armonk, New York, USA).
Measurement data are expressed as the mean+ standard
deviation (SD). Paired #-tests were used to compare
variables before and after surgery in each group. The
difference was scored before normal comparisons were
performed. The correlation between preoperative disease
severity and prognosis was analyzed by Fisher's exact
probability test, and the significance level was 0=0.05.

Results
Diagnosis and misdiagnosis

A total of 32 patients were enrolled in this study and
all were diagnosed with spinal fistula according to their
clinical manifestations, MRI, and DSA results, and later
by surgical confirmation. During the course of diagnosis
and treatment, 23 patients were misdiagnosed, resulting
in a misdiagnosis rate of 71.9%. Patients were initially
assessed by a neurologist (70%), an orthopedic surgeon
(22%), a Urologist (4%), and another specialist (4%).
Of these, 11 patients were misdiagnosed with myelitis
(increased clinical severity after hormone therapy),
6 patients were misdiagnosed with intramedullary spinal
cord tumors, 4 patients were misdiagnosed with lumbar
disc herniation (2 patients received orthopedic surgery,
without any improvement), 2 patients were misdiagnosed
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with other diseases.

Results of surgery and electrophysiological monitoring

All 32 patients had a definite preoperative diagnosis,
and a fistula was detected in all patients during surgery.
During the operation, the fistula was closed, and the
proximal drainage vein was severed by electrocoagulation.
Additionally, electrocoagulation was used to cauterize the
dura mater around the fistula and the nerve roots.

All operations were performed under electrophysiological
monitoring. No significant change was observed in
the baseline of the SEP during the operation, and the
repeatability of multiple recordings was good. MEP
warnings occurred in 10 cases, which were caused by
pulling the spinal cord when exploring the fistula, resulting
in separation of the drainage vessels and nerve roots.
The MEP amplitude was gradually improved after the
electrophysiologic technician reminded the surgeon to stop
the operation, reduce the traction and adjust the operation
mode. During the operation, EMG records showed that
9 patients had transient bursts of high-amplitude
myoelectric activity during the separation of the proximal
drainage vein and cauterization of the epidural membrane.
However, after adjusting the operation mode, no further
alarms occurred during the operations.

Long-term treatment outcomes

The 32 patients were followed up for 2 weeks to 30 months,
with an average follow-up duration of 19.22+8.21 months.
During the short-term and long-term follow-up (5 patients
underwent long-term follow-up), the ALS scores decreased
to varying degrees (Tiable 1). Among the 23 misdiagnosed
patients, the average of ALS score was 6.5 before surgery,
but one year after surgery the score was 3.6. The spinal
cord function before surgery had a direct impact on
postoperative recovery (Table 2) and patients with a lower
ALS score achieved better postoperative recovery.

At the 1-year follow-up, 20 patients underwent spinal
MRI examinations, and no vascular flow shadow was
observed on the surface of the spinal cord. The edema
disappeared in 14 patients, and 6 patients exhibited
significant reduction in the levels of edema. No signs of
enhancement were observed in 10 patients on spinal cord
enhanced MRI. Eight patients were hospitalized to undergo
DSA, and no residual or recurrence of the fistula was
observed.
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Discussion

It is more common in middle-aged man, most patients
present with myelopathy symptoms. Given the age and sex
of presentation, many patients have associated clinical and
imaging findings, such as spinal disc protrusion, hyperplasia
of the prostate, previous surgery, and even trauma, that can
confuse the diagnosis. Patients were initially assessed by a
neurologist, a Urologist, an orthopedic surgeon, or another
specialist. As a result, the misdiagnosis rate was quite high
(30-76%) (12-14). In our series, the misdiagnosis rate was
71.9%.

Imageology

Due to the nonspecific nature of the presentation and
the slow onset, diagnosis of SDAVF depends on imaging
examination findings. Spinal cord edema, thickening,
and “worm-like” vascular flow shadows are observed
on MRI. After enhancement, the visible points, linear
enhanced vascular shadow, and sometimes the spinal
cord can show patch-like enhancement (15,16). MRA
can better reveal the tortuosity of drainage vessels, and
some images can show the location of a fistula, which can
provide the basis for DSA screening (17,18). In this group
of patients, 32 underwent MRI before the operation,
28 had spinal edema, and 20 had a “worm-like” vascular
flow shadow. Twenty patients underwent enhanced
MRI before the operation, with 10 patients showing
spinal surface points and linear enhancement, and
6 patients exhibiting patchy enhancement. The 15 patients
who underwent MRA showed abnormal blood vessels,
suggesting spinal cord vascular malformation. According to
the typical manifestations on MRI and MRA, it is possible
to determine the presence of spinal vascular lesions.

DSA can be used to identify the origin of the blood
supply artery of the SDAVE, the location of the fistula, and
the route of the drainage vein, and is the gold standard for
the diagnosis of SDAVF and a determinant of recurrence
after surgery (6,19,20). However, to avoid missed diagnoses
and misdiagnoses, DSA examinations should be conducted
while considering the following points. The area showing
edema may not be the location of the fistula. Therefore,
total spinal vascular DSA should be performed for suspected
fistula cases. In addition to the segmental arteries that
supply the spinal cord, the vertebral artery, thyrocervical
trunk, costocervical trunk, internal and external iliac
arteries, internal and external carotid arteries, and even
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Table 1 Comparison of ALS scores before and after surgery

No. Preoperative 2 weeks after the operation 1 year after the operation Follow-up

Total Gait Urinate Defecate Total* Gait” Urinate” Defecate”” Total* Gait” Urinate” Defecate”” (months)

1 4 2 1 1 3 1 1 1 0 0 0 0 30
2 8 5 2 1 6 4 1 1 5 2 2 1 28
3 10 5 3 2 9 4 3 2 6 3 2 1 12
4 7 4 2 1 6 3 2 1 6 3 2 1 19
5 5 4 1 0 5 4 1 0 2 2 0 0 18
6 9 5 2 2 9 5 2 2 9 5 2 2 17
7 9 5 2 2 9 5 2 2 6 3 1 2 20
8 1 0 1 0 1 0 1 0 0 0 0 0 19
9 6 3 2 1 3 1 1 1 2 0 1 1 17
10 8 5 2 1 5 3 1 1 - - - - 0.5
11 7 4 2 1 5 2 2 1 4 2 1 1 16
12 7 2 3 2 4 0 3 1 - - - - 0.5
13 6 4 1 1 4 4 0 0 3 3 0 0 22
14 5 2 2 1 4 1 2 1 - - - - 0.5
15 10 5 3 2 7 5 1 1 6 4 1 1 12
16 7 4 2 1 4 3 1 0 - - - - 0.5
17 6 4 2 0 4 2 2 0 4 2 1 1 15
18 0 0 0 0 0 0 0 0 0 0 0 0 20
19 0 0 0 0 0 0 0 0 0 0 0 0 23
20 3 3 0 0 0 0 0 0 0 0 0 0 21
21 6 3 2 1 3 0 2 1 1 0 0 1 15
22 6 3 2 1 4 2 1 1 5 2 1 2 13
23 9 5 3 1 7 4 2 1 6 4 1 1 21
24 7 3 2 2 8 4 2 2 - - - - 0.5
25 4 3 0 1 0 0 0 0 0 0 0 0 24
26 10 5 2 3 4 3 0 1 5 2 1 1 15
27 9 5 2 2 9 5 2 2 9 5 2 2 24
28 8 5 2 1 10 5 3 2 8 4 2 2 17
29 9 5 2 2 8 4 2 2 6 3 2 1 13
30 5 3 1 1 0 0 0 0 0 0 0 0 18
31 5 3 1 1 2 0 1 1 0 0 0 0 26
32 5 3 1 1 4 2 1 1 2 1 0 1 24

A paired t-test was used to compare the preoperative and postoperative ALS scores in each group. *, comparison of total postoperative
ALS score and total preoperative ALS score, P<0.05; *, compared to the corresponding score before surgery, P<0.05; “*, compared to
the corresponding score before surgery, P>0.05 (not statistically significant). —, missed the long-term follow-up visit. ALS, Aminoff-Logue

scale.
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Table 2 The relationship between preoperative neurological status and postoperative improvement

Follow-up

Preoperative neurological status

Improvement (patients)

No improvement (patients) Total (patients)

Good (ALS <6) 10
Moderate (ALS =6) 12
Total 22

0 10
5 17
5 27

Statistical analysis was performed using Fisher’s exact probability calculation. Patients with ALS <6 were compared with patients with
ALS =6, and the improvement was statistically significant (P<0.05). ALS, Aminoff-Logue scale.

the central sacral artery should be included. In our study,
1 patient initially had negative DSA results, and
neurological treatment was recommended. However,
the symptoms continued to worsen, and a lumbosacral
spinal vascular malformation was highly suspected upon
re-examination by MRI. When repeat angiography was
performed, the lumbosacral vessels were individually
superselected, and the blood supply to the SDAVF was
determined to be the right internal iliac artery branch.
The SDAVF sometimes had multiple blood supply artery
branches, and the dose of contrast agent entering the
associated vessels was insufficient. Therefore, if the catheter
location is too deep or shallow, the lesion will not be visible.
It may be necessary to adjust the catheter direction and
depth to visualize the lesion. Based on these facts, DSA
cannot exclude the presence of a lesion. When MRI signs
cannot completely exclude spinal vascular diseases, DSA
should be reviewed multiple times (21). If necessary, supers
elective microcatheter angiography should be applied to
establish an accurate diagnosis (22). We encountered one
case of SDAVF with preoperative MRI showing spinal
edema. On conventional DSA imaging, we could not
identify the fistula, and only abnormal blood vessels were
displayed due to the co-trunks of the T3, T4, T'5, and T6
intercostal arteries, indicating an arteriovenous fistula (AVF),
but the fistula and blood supply artery could not be clearly
displayed. Microcatheterization was then applied during
angiography with intubation, which clearly showed that the
blood was supplied by the R-T4 intercostal artery, and the
fistula was located at the level of the T'S vertebra.

Differential diagnosis

Due to the nonspecific nature of the presenting symptoms,
SDAVF often go clinically undiagnosed or are misdiagnosed
as acute myelitis (23), intramedullary tumors, spinal
arteriovenous malformation (SAVM), or perimedullary
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arteriovenous fistula (PMAVF). They are occasionally
confused with Cognard type V dural arteriovenous fistula
(DAVF) when MRI shows only spinal edema and DSA fails
to show abnormal blood vessels due to technical factors or
shows atypia. Therefore, careful identification should be
performed during the diagnosis and treatment process.

Acute myelitis

SDAVF has an acute onset with acute spinal nerve
dysfunction, and when MRI only shows signs of spinal
edema, it can easily be misdiagnosed as acute myelitis (24).
Acute myelitis is a transverse spinal cord injury caused by a
series of immune responses due to various factors. It is more
common in young women. Immunological examination
of blood and cerebrospinal fluid can show positive central
nervous system demyelinating disease antibodies, and
spinal MRI shows no vascular shadow (Figure 1A4). In
such cases, treatment with corticosteroids and high-dose
immunoglobulin was effective, and spinal cord edema
subsided on follow-up MRI (Figure 1B). If spinal cord
MRA and/or spinal cord vascular DSA are performed, no
abnormal blood vessels will be observed in the spinal canal.
SDAVF is more common in middle-aged and older men
and is often caused by strenuous exercise and other factors.
No positive change in laboratory tests occurred. In contrast,
spinal MRI showed that the spinal cord edema consisted of
a thin strip that was pointed at both ends (Figure 1C). Very
few vascular flow shadows were found. If corticosteroids
are given, symptoms can be aggravated, and spinal cord
edema will persist on MRI (25-27). The diagnosis can be
confirmed by spinal MRA and DSA (Figure 1D,1E). During
the diagnosis and treatment of this group of patients, 15
were misdiagnosed with myelitis, which was confirmed
as SDAVF by MRA and DSA. Clinically, for cases of
spinal cord edema on MRI and negativity on MRA and/or
DSA, close clinical observation or careful use of hormone
treatment should be performed if the clinical manifestations
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Figure 1 Myelitis and R-L2 SDAVEF. (A,B) Cervical myelitis. MRI shows cervical spinal cord edema without a vascular shadow (A). Re-

examination of the cervical MRI after 3 months showed the disappearance of cervical segment edema (B). (C-E) R-L1 SDAVF image

changes. The MRI demonstrates that the thoracic spinal cord edema was increased, without an obvious abnormal vascular shadow (C).

To observe the progressive aggravation of symptoms at 4 months, a spinal MRA was conducted, which shows abnormal blood vessels (D).

The DSA shows that the blood supply to the SDAVF is the right L1 segmental artery. The white arrow indicates the position of the fistula

(E). SDAVE, spinal dural arteriovenous fistula; MRI, magnetic resonance imaging; MRA; magnetic resonance angiography; DSA, digital

subtraction angiography.

are aggravated or if spinal cord edema persists on MRI
after several months. The DSA results should be reviewed
to confirm the diagnosis. If the clinical manifestations are
improved and the spinal cord edema subsides, acute myelitis
can be diagnosed.

Intramedullary tumor

When SDAVF patients have chronic disease, the MRI only
shows localized spinal edema or thickening (Figure 2), and
enhanced MRI of the spinal cord shows irregular (28,29),
spotty enhancement (Figure 3), and thus, SDAVF can be
misdiagnosed as an intramedullary tumor. Conversely, a
small number of high-grade intramedullary tumors can
be mistaken for SDAVF due to swelling of the spinal cord
(Figure 44,4B) and a point-like enhancement of vascular
shadows on the surface of the spinal cord (Figure 4C).
Therefore, an SDAVF can be confused with a spinal cord
intramedullary tumor. The edema of the spinal cord
consists of a thin strip with a pointed shape at both ends
(Figures 2A4,3C). A close examination of the imaging data
may reveal a small amount of vascular emptying, but the
severity of the clinical manifestations is difficult to explain
by the degree of swelling in the spinal cord. SDAVF can
be confirmed by abnormal blood vessels and the presence

© Annals of Translational Medicine. All rights reserved.

of a fistula on MRA and DSA examination (Figures 2B,3D).
However, for low-grade glioma, the lesion is relatively
limited on T2WI, and both ends of the lesion are usually
round and obtuse (Figure 2C). Abnormal vessels with
tortuosity are usually not found on MRA or DSA. Even for
high-grade glioma, when abnormal vascular shadows can be
seen on MRI and MRA, DSA is still negative. If the disease
progresses rapidly, MRI examination is more conducive
to the diagnosis of high-level glioma when a suspected
cava or cava lesions are present. We encountered a patient
with a C2-5 intramedullary glioblastoma [World Health
Organization (WHO) class IV], whom we had planned
to diagnose with SDAVE, and the DSA was negative
(Figure 4D-4@G). Due to the rapid progression of the
disease, we considered intramedullary high-grade glioma
and conducted surgical exploration, which was confirmed
by pathology. Based on this case, the most important
differential measure is spinal vascular DSA. For SDAVE,
DSA can show abnormal blood vessels and a fistula, but
these are not found for intramedullary tumors.

Other spinal vascular malformations
The differentiation of SDAVF from PMAVF and SAVM is
also very important because if the diagnosis is incorrect, the
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Figure 2 L-T11 SDAVF and low-grade glioma. (A,B) L10 SDAVE. (A) The MRI shows spinal edema and thickening white arrow, and
no “worm-like” vascular flow voids were observed. (B) SDAVF was angiographically confirmed, the white arrow indicates the position of
the fistula. (C,D) Low-grade glioma. (C) The MRI shows a limited lesion, obvious swelling of the spinal cord, round and obtuse ends, and
obvious narrowing of the subarachnoid cavity (white arrow). (D) Enhanced MRI shows mild enhancement, and the diagnosis was confirmed

as low-grade glioma (arrow). SDAVTE, spinal dural arteriovenous fistula; MRI, magnetic resonance imaging.

Figure 3 L-T11 SDAVEF. (A,B) The MRI shows mild irregular lamellar enhancement of the spinal cord (long arrow), which was reported
as an intramedullary tumor (after review of the image data, an abnormal vascular shadow was observed on the surface of the spinal cord of
the lower thoracic segment, short arrow). (C) The T2WI shows middle and lower thoracic edema and mild spinal cord thickening (white
arrow). (D) The spinal cord DSA shows an L-T11 SDAVE. SDAVE, spinal dural arteriovenous fistula; MRI, magnetic resonance imaging;
T2WI, T2 weighted image; DSA, digital subtraction angiography.
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Figure 4 Imaging changes of the C2-5 intramedullary glioblastoma. (A,B) Cervical spinal MRI shows “spindle” thickening of the cervical

spinal cord (white arrow), with an irregular high signal on T2 (white arrow). (C) Enhanced MRI shows lamellar enhancement of the spinal

cord (black arrow). A vascular shadow was observed on the surface of the spinal cord (white arrow). (D-G) The DSA shows no tortuosity or

abnormal vessels. MRI, magnetic resonance imaging; DSA, digital subtraction angiography.

determination of lesion position and design of the treatment
plan will be incorrect, resulting in adverse consequences.
In most cases, the DSA manifestations of these lesions have
unique characteristics and can be identified. SDAVF refers
to the dural branch of the spinal cord root artery, which
communicates directly with the root vein at the dura mater
near the nerve root sheath cuff, forming a fistula, which is
usually only supplied by a single artery. PMAVF involves direct
communication between the spinal cord soft spinal artery and
the vein on the surface of the spinal cord. It is usually supplied
by the anterior and posterior spinal arteries. SAVM refers to
arteriovenous shunt vascular disease with an abnormal vascular
network between the blood supply artery and the drainage
vein, and multiple arteries often supply blood.

However, when DSA shows abnormal vascular masses,
SDAVF could be misdiagnosed as SAVM. We encountered
an SDAVF patient with a right T7 intercostal artery blood
supply. DSA showed an abnormal vascular mass in the upper
part of the T6 vertebral body, which was reported as an AVM.
However, because this patient was a middle-aged male with
chronic onset, no lesions were present on MRI (Figure 5A).
Unlike SAVM, which is more common in young women and
has an acute onset, MRI showed abnormal vascular lesions,
and DSA showed only a single arterial blood supply, while
abnormal blood vessels were present at the T9 vertebral
body level (Figure 5B). The rod-shaped vessels between the

abnormal blood vessel mass of T6 and the intercostal artery

© Annals of Translational Medicine. All rights reserved.

of T7 were thick and curved, unlike the hairpin type of the
anterior root medullary artery (Figure 5B), and could be
reasonably explained by the proximal drainage vein of an
SDAVE, which and was later confirmed by surgery.

When the proximal drainage vein of an SDAVF
resembles the anterior medullary artery, it can be mistaken
for PMAVE. We encountered a case of SDAVF at the level
of the R-L2 vertebral body. The lumbar MRI (T2WI)
shows spinal edema (Figure 5C). The proximal drainage
vein was straight, resembling the anterior root medullary
artery, and the drainage vein was drained vertically,
apparently by the upper and lower branches of the anterior
spinal artery (Figure 5D). Therefore, this case was initially
considered PMAVEFE. However, in this case, the “rod-shaped”
blood vessels deviated from the midline on DSA, and the
abnormal blood vessels in the spinal canal failed to show a
fistula. It was also unreasonable to suggest that the upper
and lower anterior spinal cord artery were used to supply
two fistulas. Therefore, the diagnosis was SDAVE, which
was confirmed by surgery.

Dural arteriovenous fistula

Cognard type V DAVF causes spinal cord dysfunction
due to its drainage into the venous system of the spine,
leading to venous congestive cervical myelopathy (30).
MRI can show increased cervical spinal cord edema and
the cavitation of blood vessels in the spinal canal; therefore,
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Figure 5 R-T7 and R-L2 SDAVE. (A,B) R-T7 segmental arterial blood supply to the SDAVE. (A) Thoracic vertebral MRI (T2WI) shows
spinal edema. (B) The DSA shows an abnormal vascular mass in the upper part of the T6 vertebral body (thick arrow), reported as an AVM,
but in view of the absence of malformation on MRI and the fact that DSA seemed to show abnormal blood vessels (thin arrow) at T9, it was
considered an SDAVE, which was confirmed by surgery. (C,D) R-L2 blood supply of the SDAVEF. (C) The lumbar MRI (T2WI) shows spinal
edema (white arrow). (D) The spinal cord vascular DSA shows that the proximal drainage vein had a similar appearance to the anterior root
artery (long arrow). Its upper and lower branches deviates from the midline (short arrows), and no fistula was present. It was clear that the
lesion was an SDAVF supplied by R-L2. SDAVE, spinal dural arteriovenous fistula; MRI, magnetic resonance imaging; T2WI, T2 weighted

image; DSA, digital subtraction angiography.

it can be confused with C1 SDAVE Clinically, if there is
insufficient understanding of this phenomenon, even DSA
cannot be used for diagnosis, and patients can only be
followed up and treated according to protocols for cervical
spinal cord lesions. Surgical exploration of cervical spinal
cord lesions can lead to serious consequences. MRI can
identify abnormal vascular and venous sinus embolisms
in the skull. Once the spinal vascular DSA is complete,
angiography should also include the internal and external
carotid and the vertebral arteries to indicate the presence of
type V DAVE. We had encountered a patient with Cognard
type V DAVF that was mistaken for SDAVFE. Whole-
spinal angiography was negative on two occasions, but the
abnormal vascular shadow persisted on follow-up MRI. In
the DSA examination, internal and external carotid artery
cannulation was confirmed, and the DAVF was confirmed
in the petroclival region.

© Annals of Translational Medicine. All rights reserved.

Surgery and electrophysiological monitoring

Currently, SDAVF treatment includes microsurgery,
interventional embolization, or a combination of the two.
It is generally believed that compared to surgical treatment,
interventional therapy is less traumatic, and relapse is
more likely to occur due to inadequate embolization,
open collateral circulation, and the formation of a vascular
network around the fistula (31,32). We also had similar
experiences and therefore, we believe that interventional
embolization is suitable for patients with advanced age,
poor physical condition, unwillingness to undergo open
surgery, or thicker and straighter blood supply arteries
because this procedure is expected to reach the fistula and
allow embolization of the proximal drainage vein (4,33).
Most patients are candidates for microsurgery (34-36).
SDAVF should be treated as soon as possible upon
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diagnosis (2,37,38). Emergency surgery should be
conducted for patients with acute changes or even
paraplegia caused by various factors. The location of the
fistula should be accurately identified before surgery to
avoid multisegment incision and exploration and increased
injury (21). Microsurgery is performed under direct vision,
and ideal surgical results can be achieved after a clear and
closed fistula is explored (19,39). Koch er al. reported a
88% rate of improvement for 47 patients with SDAVF
after surgery (39). Schuss ez al. also found that 22 patients
(76%) achieved improvement in neurologic symptoms
after surgical treatment (40). In the present series,
32 patients were diagnosed preoperatively and underwent
microsurgery. At the 1-year follow-up, 21 patients (77.8%)
had ALS score reduction compared with preoperative,
which is similar to that reported in the literature (3,37,41).
Compared to preoperative treatment, the improvement of
spinal cord function, especially exercise and urine function,
was significant (P<0.05; Table 2). No recurrence or residual
of fistula was found during follow-up, and the rate of fistula
occlusion was 100%.

Intraoperative electrophysiological monitoring can
reduce iatrogenic damage to the spinal cord and nerve
roots (42,43). It is more commonly used in the treatment
of intramedullary tumors (44,45) and has rarely been
reported for SDAVF microsurgery. In these patients who
had given intraoperative electrophysiological monitoring,
the MEP early warning appeared in 10 cases of spinal cord
injury caused by pulling of the spinal cord when exploring
the fistula and separating the drainage vessels and nerve
roots. After the reduction of traction and adjustment, the
amplitude of the wave was improved, and postoperative
recovery was good. Intraoperative electrophysiological
monitoring can warn the surgeon of invasive manipulations
of the spinal cord, especially for untrained surgeons who
are unfamiliar regarding the degree of pulling of the
spinal cord. Thus, the application of electrophysiological
monitoring can decrease unnecessary spinal cord injury.

Prognostic factors

Preoperative neurological function
Intervention at an early stage is essential for a preferable
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outcome of SDAVF treatment. Treatment should be
performed before an irreversible change to spinal neurological
function occurs (46). The preoperative functional status has
an important effect on the prognosis (7,35,47,48). Cecchi
et al. performed a long-term follow-up of 29 patients and
found that preoperative neurological status was the only factor
that affected the prognosis of patients (49). In a meta-analysis
of 1,112 cases of SDAVF in 2015, Bakker et 4/. noted that the
degree of postoperative recovery depended mainly on the
preoperative neurological status (3). In this study, a significant
correlation was found between the preoperative ALS score
and the ALS score at 1 year postoperatively (P<0.05; Table 1),
indicating that microsurgery was effective. After 1 year of
follow-up, the improvement in the excellent group was
significantly greater than that of the moderate group (P<0.05;
Table 2), indicating that worse preoperative neurological
function reflects more severe spinal cord injury and a more
difficult postoperative recovery.

According to the history, clinical manifestations,
neurological examination, MRI and DSA, the misdiagnosis
rate of 32 patients was significantly reduced at the time of
operation, which was confirmed by operation. We have
formulated an explorative diagnostic process for these
unique cases (Figure 6).

Conclusions

The misdiagnosis rate of SDAVF is high, and spinal cord
DSA should be performed with full intubation. The
application of microcatheter angiography can reduce or
avoid missed diagnoses and misdiagnoses. When diagnosing
SDAVE, it is necessary to differentiate it from acute spinal
cord inflammation, spinal intramedullary tumors, SAVM,
PMAVFE, and type V DAVE. Microsurgical treatment of
SDAVF exhibits a good effect and a low recurrence rate.
The application of electrophysiological monitoring during
microsurgery can facilitate spinal cord surgery and reduce
unnecessary spinal cord injury.

Limitations

The study has some limitations. This study was a
retrospective analysis, with few cases, and a short follow-up
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Figure 6 Flow diagram of the diagnostic modalities in the current case series. SDAVE, spinal dural arteriovenous fistula; MRI, magnetic

resonance imaging; T2WI, T2 weighted image; MRA, magnetic resonance angiography; DSA, digital subtraction angiography; CNS,

central nervous system.

time, making it difficult to produce more convincing results. the diagnostic process significantly reduces the rate of
Retrospective analysis of patient clinical data may also misdiagnosis, and most patients recover to satisfaction.
lead to under-estimation or overestimation of neurological Prospective comparative studies may be required in the
deficits at presentation. Our innovative application of future to understand more efficient diagnostic patterns.
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