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Abstract

Background: Dural Arteriovenous Fistula (DAVF), characterized by 
abnormally direct connections between meningeal arteries and meningeal veins 
or dural venous sinuses, is a rare subtype among the intracranial arteriovenous 
malformations. Although the clinical manifestations of DAVF are very variable 
depending on the locations and size of venous drainage, parkinsonism and 
urinary incontinence are rarely reported. Here, we present a rare case with 
parkinsonism and urinary incontinence secondary to DAVF. 

Case Presentation: A 50-year-old man was admitted for a progressively 
worsening weakness of his left lower limb over a year with urinary incontinence 
for four months. Neurological examination revealed rigidity and bradykinesia 
of the left upper limb without an obvious tremor. Magnetic resonance imaging 
exhibited diffuse white matter hyperintensities in bilateral centrum semiovale. 
Cranial magnetic resonance venography revealed extensive tortuous venous 
malformations. Digital subtraction angiography exhibited multiple bilaterally 
distributed DAVF in the superior sagittal sinus, supplied by bilateral occipital 
arteries and superficial temporal arteries. In the one year follow-up, the 
patient with multiple DAVF bilaterally distributed was completely cured after 
endovascular treatment according to the symptoms and the follow-up imaging 
results. 

Conclusion: This report enriches the clinical presentations of DAVF with 
parkinsonism and urinary incontinence, which is a crucial diagnostic clue to 
be aware of the possibility. Moreover, these rare symptoms can be relieved by 
timely endovascular treatment. 
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Background
Dural Arteriovenous Fistula (DAVF) is a rare vascular disorder 

and has been estimated to account for 10% of all intracranial 
arteriovenous malformations [1]. Cranial DAVF is characterized 
by abnormally direct connections between meningeal arteries and 
meningeal veins or dural venous sinuses [2], which leads feeding 
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arteries to directly drain into cortical veins or a venous sinus [3]. As 
a result, blood arterialization and increased venous sinus pressure 
eventually lead to multiple pathological changes including cerebral 
venous reflux disorders, cerebral edema and vascular rupture. 
According to the characteristics of venous drainage, DAVF can be 
classified into three types by Borden-Shucart classification [4]. DAVF 
has a wide range of locations. The most common location of DAVF 
is transverse-sigmoid sinus with a slight left-sided predominance 
and less near the cavernous sinus [5]. It can also occur at tentorial, 
petrosal, ethmoidal, spinal dura, and superior sagittal sinus locations 
[6]. The variable clinical manifestations of DAVF depend on not 
only the anatomical locations but also the hemodynamic properties 
that is also considered to be the pathological mechanism underlying 
DAVF formation [7,8]. For example, pulsatile tinnitus is a common 
feature of transverse-sigmoid venous sinuses [9], whereas cranial 
nerve palsies and visual deterioration are usually due to disorder of 
cavernous sinus venous system [10]. In addition, DAVF located in 
the Superior Sagittal Sinus (SSS) and deep venous system mainly 
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presents with seizures, Cerebrospinal Fluid (CSF) obstruction, 
papilledema or dementia [11]. The most aggressive symptoms of 
DAVF are intracranial hemorrhage and neurological deficits. 

Although clinical manifestations of DAVF vary widely, the 
symptoms of parkinsonism and urinary incontinence are rarely 
reported. Here, we present a case who suffered from parkinsonism 
and urinary incontinence secondary to multiple bilaterally distributed 
DAVF in the SSS region. This case report about rare complications 
can enrich the clinical presentations affected by venous drainage 
and help clinicians to avoid misdiagnosis. The written informed 
consent of the patient was obtained to publish the case details and 
any accompanying images used in medical journals. And this study 
was conducted in accordance with the Declaration of Helsinki and 
the Ethics Committee of Peking University First Hospital. 

Case Presentation
A 50-year-old man was admitted to our hospital for a progressive 

weakness of his left lower limb over a year along with urinary 
incontinence for four months. A year ago, the patient suffered from 
progressive weakness of his left lower limb, accompanied by unstable 
walking (tends to rush forward and difficulty with stopping when 
walking). Simultaneously, the patient had suffered from urinary 
incontinence for four months prior to admission. The patient had 
a history of hypertension for 10 years and diabetes for 3 years. 
Additionally, the patient suffered from a traumatic brain injury 25 
years ago but it didn’t get much attention at that time. Neurologic 
examinations showed that proximal muscle strength of the left lower 
extremity was 4/5 and tone of the four extremities was increased 
without involuntary movement. Bilateral Chaddock’s sign were 
positive. 

Cranial Magnetic Resonance Imaging (MRI) on admission 
exhibited a large lesion in the bilateral parietal and frontal lobes 

with slightly lower T1 signals, long T2 signals, high signals on T2 
Fluid Attenuated Inversion Recovery (FLAIR) and high signals on 
Diffusion Weighted Imaging (DWI), which was more prominent 
on the right side (Figure 1A red oval). Cranial MRI with contrast 
agent on admission suggested that cerebral parenchymal veins in 
bilateral parietal and frontal lobes were diffusely increased, expansive 
and tortuous (Figure 2A red square). Head Magnetic Resonance 
Angiography (MRA) exhibited enlarged bilateral Occipital Arteries 
(OAs) (Figure 2B red square). Head Magnetic Resonance Venography 
(MRV) showed multiple obviously expansive and tortuous veins in 
bilateral frontal and parietal lobes (Figure 2C red oval) as well as scalp 
soft tissues (Figure 2C red arrow). According to these examinations, 
venous malformations were highly suspected. Therefore, Digital 
Subtraction Angiography (DSA) was performed, revealing multiple 
DAVF between External Carotid Artery (ECA) and SSS (Figure 3A 
red dashed box) with feeding arteries being bilateral OAs (Figure 3A 
yellow box) and Superficial Temporal Arteries (STAs) (Figure 3A 
red solid box). Bilateral OAs were enlarged and tortuous (Figure 3A 
yellow arrow), the right OA in particular. Simultaneously, a draining 
vein was obvious within the parietal midline dura, ultimately 
draining into the front 1/2 of superior sagittal sinus, thus leading 
to the obvious stenosis of the SSS (Figure 3A red arrow). Extensive 
tortuous and engorged leptomeningeal veins were observed in the 
venous phase of the DSA images (Figure 3A red oval). Based on these 
findings, we diagnosed this patient as DAVF with extrapyramidal and 
urinary incontinence as the first symptoms.

After the diagnosis was finalized, this patient received 
endovascular embolization. One year after the surgery, the 
symptoms of parkinsonism and urinary incontinence improved 
significantly compared to the preoperative conditions. The 
neurological examination exhibited a substantial improvement over 
the preoperative evaluation. The lesions in all of the above MRI 

Figure 1: Representative images of multiple cranial MRI sequences. A: T1-weighted, T2-weighted, FLAIR and DWI brain MRI scans were performed on admission, 
exhibiting a large slightly lower T1 signal, long T2 signals, a high T2 FLAIR signal and DWI signal in the bilateral parietal and frontal lobes, with the right side more 
significant (red oval). B: Re-examination of brain MRI scans in Figure 1A one year after the surgical therapy, exhibiting significantly improvement compared to the 
same scan plane of MRI on admission (red oval). 
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sequences were significantly improved on the follow-up MRI (Figure 
1B red oval), which suggested that these lesions were reversible. Re-
examination of MRV indicated that the expansive and tortuous veins 
were obviously decreased one year later (Figure 2D red oval), which 
may be the cause of improved diffuse white matter hyperintensities. 

Discussion 
Parkinsonism and urinary incontinence are rare manifestations 

of DAVF which may lead to misdiagnosis and they have been seldom 
reported [12]. Our study demonstrates a potential relationship 
between DAVF and parkinsonism as well as urinary incontinence. 
The following pathophysiological mechanisms are considered to 
cause parkinsonism in the present case of DAVF. The arteriovenous 
fistulous developed between the arterial fistula (bilateral occipital and 
superficial temporal arteries) and the SSS cause a significant arterial 
steal, which can induce ischemia in frontal, temporal lobes and basal 
ganglia. And chronic arterial ischemic changes subsequently result 
in diffuse white matter hyperintensities and basal ganglia damages, 
ultimately triggering parkinsonism [13]. Although the imaging 
manifestation of white matter hyperintensities in this case seems 
similar to that of vascular parkinsonism [14], it is reversible as we 
described, which cannot be completely explained by chronic arterial 
ischemia. Similarly, the reversible White Matter Lesion (WML) can 
also be observed in SSS region in DAVF presenting with dementia 
[15]. However, there are currently no specific cases of reversible 
WML in SSS region in DAVF presenting with parkinsonism. Both 
dementia and parkinsonism secondary to DAVF selectively affect the 
deep white matter rather than the cortex or the basal ganglia. Thus, 
venous congestion is more likely to be considered as the mechanism 
underlying the parkinsonism in DAVF of this case as previously 
reported [16,17]. Venous congestion leads to relative outflow 
obstruction, which may cause the hypoperfusion. Subsequently, the 
patient suffered from progressive urinary incontinence that is even 
more rare in intracranial DAVF with only approximate five cases 
reported [12], and the mechanism has not been clearly elaborated. 
These atypical clinical manifestations of the patient easily lead to 
misdiagnosis, so neurologists need to keep the reversible etiology in 
mind. Besides, both symptoms and manifestations in re-examined 

Figure 2: Representative images relative to angiography. A: Cranial 
enhanced MRI on admission, suggesting cerebral parenchymal veins in 
bilateral parietal and frontal lobes were diffusely increased, expansive and 
tortuous (red square). B: MRA on admission exhibited that the bilateral 
Occipital Arteries (OA) were enlarged, mainly the right OA (red square). C: 
MRV on admission showed that multiple expansive and tortuous veins were 
obvious in bilateral frontal and parietal lobes (red oval) and scalp soft tissues 
(red arrow). D: Re-examination of MRV indicated that expansive and tortuous 
veins were obviously decreased one year after the surgical treatment (red 
oval). 

Figure 3: Representative DSA images. A: The DSA images revealed that the branches of external carotid artery (ECA) were served as feeders with venous reflux 
to the superior sagittal sinus (red dashed box), including Occipital Arteries (OA) (yellow box) and Superficial Temporal Arteries (STA) (red solid box) feeders. 
Simultaneously, the representative images exhibited that the SSS was obviously stenosis (red arrow) and bilateral OAs were enlarged and tortuous (yellow arrow), 
especially the right OA. Venous phase in DSA exhibited extensive tortuous expansion of intracranial veins (red oval).
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MRI and MRV of this patient significantly improved one year after 
the surgical treatment. Therefore, it is probable that earlier treatment 
for DAVF could have avoided the Parkinsonism and urinary 
incontinence.

DAVF possesses significant geographic variations with different 
causes. Most DAVF in the United States and Europe is located in the 
sigmoid and transverse sinuses, while in Asia it’s commonly located 
in the cavernous sinus [18]. Involvement of SSS region in DAVF is 
rarely seen [19], which mostly has bilateral feeding arteries from the 
branches of unilateral or bilateral middle meningeal artery (MMA) 
[20]. The scalp arteries can also be concerned in DAVF involving SSS 
region [21]. In addition, OA and STA have also been rarely reported 
as the feeding arteries, especially the bilateral OAs or STAs [22]. The 
OA is usually involved in the post-portion of SSS region in DAVF 
while the STA is involved in the midportion of SSS region. The patient 
in our study suffered from multiple DAVF involving the SSS regions 
that are relatively symmetrically distributed. Bilateral OAs or STAs, 
as the feeding arteries, are rarely reported. Additionally, the scalp 
arteries are also be involved in the SSS region in DAVF. Currently, 
sinus thrombosis, trauma, inflammation, and iatrogenic injury are 
also considered as usual causes [23]. In this case, the patient had a 25-
year history of trauma on head, which may be the trigger of DAVF’s 
formation. Furthermore, most DAVF involving the SSS region are 
deemed to demand surgical treatment and Endovascular Treatment 
(EVT) is considered as the most optimal therapy.

Conclusion
In summary, DAVF between SSS and bilateral feeding arteries of 

ECA branches can manifest as parkinsonism, urinary incontinence 
and bilateral white matter lesions on MRI imaging. This report 
enriches these rare clinical presentation affected by venous drainage, 
which is a crucial diagnostic clue to be aware of the possibility. 
Moreover, although endovascular treatment has been reported to 
often fail to completely eliminate DAVF in the SSS region, the patient 
with multiple DAVF bilaterally distributed is completely cured 
according to the symptoms and the MRI review results. Regrettably, 
we were unable to obtain the detailed information about the surgical 
procedure of this patient and the postoperative DSA images were 
also unavailable. Additionally, more cases and further studies are 
necessary to validate our results.
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