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Introduction

Dural arteriovenous fistula (dAVF) refers to an abnormal 
direct blood connection between an intracranial artery and 
a dural venous sinus. This fistula accounts for about 10% 
to 15% of all intracranial vascular malformations (1,2). A 
dAVF can occur in any part of the brain, with deep brain 
structures such as the thalamus involved in about 1% to 3% 
of cases. Patients with dAVF often present with pulsatile 
tinnitus, orbital congestion, and headache. 

Non-hemorrhagic neurological deficits (NHNDs) 
are rare and consequently underrecognized symptom of  
dAVF (1). Due to the infrequency of thalamic dementia 
symptoms in dAVF and the complexity of imaging 
presentations, dAVF-induced thalamic dementia can easily 
be misdiagnosed and mistreated. Progressive dementia 
may be one of the precursors of NHNDs. NHNDs can be 
induced by venous hypertension in the bilateral thalamus or 
cerebral cortex, which manifests with basal ganglia edema 
and bilateral thalamic involvement (3,4). Studies have 
shown that dAVF-induced retrograde venous hypertension 
can cause chronic passive hyperemia or venous ischemia, 
resulting in thalamic dementia and bilateral thalamic  
lesions (5). 

In this case report, we describe a patient with dAVF 
presenting with thalamic dementia who was completely 
cured by endovascular embolization.

Case presentation

A 52-year-old previously healthy man was admitted to the 
local hospital with slow response, inarticulate speech, slow 
speech, and poor short-term memory lasting for more than 

1 week. The patient’s initial non-contrast head computed 
tomography (CT) findings were normal, and there were 
no background abnormalities or periodic discharges on 
electroencephalography. A lumbar puncture revealed no 
white blood cells or red blood cells in tubes 1 and 4. The 
patient’s cerebrospinal fluid (CSF) protein was 1.10 g/L;  
CSF glucose was 4.20 mmol/L; and no xanthochromia 
was detected. Cryptococcal antigen, fungal culture, Gram 
stain, bacterial culture, and India ink stain were negative. 
However, the patient then deteriorated to the point where 
he could only give a few words in response to questions. 

At 1 week later, magnetic resonance imaging (MRI) 
examination of the brain showed abnormal changes in the 
bilateral thalamus, and the patient was transferred to our 
institution. On arrival, neurological examination revealed 
hypersomnolence, spatial disorientation, and short-term 
memory impairment. Relevant cognitive assessments 
returned the following scores: Mini-Mental State 
Examination (MMSE): 13 points, Memory and Executive 
Screening scale (MES): 15 points, Montreal Cognitive 
Assessment scale (MoCA): 6 points, and Activities of 
Daily Living scale (ADL): 50 points (the reference values 
were: ≥27 points, ≥80 points, ≥26 points, and ≤26 points, 
respectively). There were no obvious abnormalities in 
laboratory data, including complete blood count (FBC), 
blood urea nitrogen (BUN), electrolytes, erythrocyte 
sedimentation rate (ESR), and creatinine. Protein S assay, 
antithrombin III, anticardiolipin antibody, homocysteine, 
thyroid stimulating hormone assay, lupus anticoagulant, 
and protein C assay were also normal. Repeat cranial 
MRI showed synchronous bilateral thalamic hyper T2 
weighted imaging signals. The fluid-attenuated inversion 
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recovery (FLAIR) signal was subtly patchy and there was 
hyperintense gadolinium enhancement (Figure 1A,1B). 
MRI venography revealed that the left transverse sinus was 
absent (Figure 1C). Further digital subtraction angiography 
(DSA) revealed a Borden-Shucart type III dAVF fed mainly 
by the limb of the left middle meningeal artery. The fistula 
was located in the tentorium cerebellum, draining into 
the basilar vein. During the venous phase, the internal 
cerebral vein, basal vein, great cerebral vein, and tortuous 

confluence of veins could be seen, and there was obvious 
venous regurgitation (Figure 1D). The patient subsequently 
underwent transarterial embolization (TAE) using Onyx, 
and the fistula was completely embolized (Figure 2A). 

After treatment, the patient’s symptoms were gradually 
alleviated. Follow-up MRI at 6 months after treatment 
showed that there was negligible abnormality in bilateral 
thalamus (Figure 2B,2C). Volume isotropic turbo spin echo 
acquisition (VISTA; Figure 2D) showed that the disordered 

Figure 1 Images obtained at the time of diagnosis. (A) T2WI and (B) FLAIR suggested bilateral thalamus swelling and high signal changes; 
(C) MRV showed the left transverse sinus was absent; (D) DSA demonstrated a dAVF on the tentorium of the cerebellum fed mainly by 
the branch of the left middle meningeal artery and drained to the basilar vein (as indicated by the arrows). T2WI, T2-weighted imaging; 
FLAIR, fluid attenuated inversion recovery; MRV, magnetic resonance venography; DSA, digital subtraction angiography; dAVF, dural 
arteriovenous fistula.

Figure 2 Images obtained after the time of the TAE. The fistula disappeared after the (A) TAE; (B-D) images obtained at the 6-month 
follow-up after TAE; (B) T2WI and (C) FLAIR showed that there was negligible abnormality in bilateral thalamus; (D) VISTA showed 
that the disordered venous structure on the left side of the great cerebral vein had negligibly disappeared. TAE, transarterial embolization; 
T2WI, T2-weighted imaging; FLAIR, fluid attenuated inversion recovery; VISTA, volume isotropic turbo spin echo acquisition.
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venous structure on the left side of the great cerebral 
vein had disappeared. Cognitive scale assessment showed 
MMSE: 27 points, MES: 79 points, MoCA: 21 points, 
and ADL: 23 points. The patient’s cognitive level had 
significantly improved and returned to normal. 

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient for publication of this case 
report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

Discussion 

Through a comprehensive search, 19 (1,6-19) dAVF-
induced thalamic dementia cases were identified in the 
literature (Table 1). This form of dementia is seen almost 
exclusively in men, who make up 95% of all cases, and 
is most common in those aged between 50 and 70 years 
(mean age 60±8.7 years; range from 43 to 77 years). 
All patients with dAVF (100%) experience progressive 
cognitive dysfunction, including deficits in executive 
function, memory, attention, and disorientation. Half of 
patients (50%) have additional neurological deficits, such 
as aphasia. The highly variable clinical manifestations of 
dAVF are strongly associated with the location and pattern 
of venous drainage. Among the 19 cases of dAVF with 
progressive dementia found in the literature review, there 
were 9 (47%) and 10 (53%) cases of Borden-Shucart type 
II and Borden-Shucart type III dAVF, respectively. Feeder 
vessels mostly include the posterior meningeal artery, 
middle meningeal artery, and/or occipital artery. While 
intracerebral hemorrhage and NHNDs rarely appear in 
Borden-Shucart Type I dAVF, they are a typical observation 
in Borden-Shucart types II and III. Additionally, almost 
all patients reported in the literature had a history of rapid 
deterioration (1,6,7). Treatments include TAE, surgery, or 
a combination of both. According to our search, 80% of 
patients initially undergo endovascular embolization, and 
almost of them (94%) experience subsequent symptomatic 
improvement or radiographic resolution.

Various symptoms which manifest in dAVF are related 
to the mode of the venous drainage and the position of the 
lesion. Pulsatile tinnitus is the most common symptom, due 
to increased blood flow in the sigmoid and transverse sinus. 
Symptoms of other neurological deficits, such as seizures, 

parkinsonism, and thalamic dementia, may vary according 
to the position of the lesion (20). Patients with dAVF-
thalamic dementia often become unable to take care of 
themself between 3 months and 1 year after onset, and can 
be easily misdiagnosed clinically (21). 

To date, the exact etiology and pathogenesis of thalamic 
dementia caused by dAVF have not been fully clarified. It 
has been hypothesized that venous hypertension caused 
by venous sinus thrombosis (VST) is a key causative factor 
in the formation of dAVF (22). The mechanisms involved 
in dAVF resulting from VST are complex. In our patient, 
MR venography revealed that the left transverse sinus was 
absent. Initially, he was diagnosed with VST and given 
systematic anticoagulant therapy. However, this treatment 
did not relieve his symptoms, and only further aggravated 
them. Therefore, we hypothesized that venous drainage 
caused by an established dAVF might result in a turbulent or 
stagnant flow within the venous sinus, which subsequently 
leads to VST. After anticoagulant therapy, the VST of the 
patient may have recovered, meaning no evidence of VST 
was identified at the time of DSA. Nonetheless, the lack 
of an efficacious treatment of dAVF and the presence of 
ongoing venous hypertension led to an exacerbation of 
the patient’s symptoms. Research has shown that venous 
congestion and ischemia of the thalamus lead to venous 
hypertension and ultimately result in thalamic dementia (2).  
Holekamp et al. reported 4 cases of thalamic dementia 
related to dAVF (1), with clinical manifestations similar to 
those of our patient. 

The thalamus is the subcortical center and transfer 
station of sensory conduction, but it also has an influence 
on the activities of the limbic and ascending reticular 
systems, and the cerebral cortex. Thalamic dementia refers 
to neurodegenerative diseases that manifest as dementia, 
including thalamic lesions, neuronal loss, and astrocytic 
hyperplasia, the symptoms of which include memory decline 
and cognitive dysfunction. Thalamic dementia is generally 
caused by damage to the thalamic nucleus and the thalamic 
tract. Each nucleus in the thalamus has a special function 
and extensive two-way connections with the cortex and 
subcortical areas. The symptoms of dementia are mainly 
related to two complex pathways in the thalamus: the first 
is interruption of the nipple-thalamic tract/anterior nucleus 
complex pathway, which leads to an abnormal connection 
between the hippocampus and the cingulate gyrus; the other 
is the inner medullary plate-amygdala/dorsal medial nucleus 
and thalamus. The plate-core complex pathway is abnormal, 
resulting in the disconnection of the amygdala-orbital/
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dorsolateral prefrontal cortex. Abnormalities of the above 
pathways mainly manifest as amnesia, executive dysfunction, 
and behavioral abnormal syndrome. Cases of thalamic 
dementia caused by hypertensive intracerebral hemorrhage 
are relatively common, whereas dAVF-related cases are 
rare. In patients with dAVF, changes in the anatomical 
structure of the lesion area and abnormal hemodynamics 
form a connection between the thalamic nucleus and the 
cortex, which leads to the occurrence of thalamic dementia. 
Terada et al.’s research confirmed that venous hypertension 
is a primary event in the pathogenesis of dAVF (23). Venous 
hypertension possibly stimulates the expression of vascular 
endothelial growth factor (VEGF) and is highly implicated 
in the development of dAVF (24). Elevated venous pressure 
in dAVF can cause abnormalities such as bleeding, venous 
dilatation, and venous regurgitation (25), which lead to 
venous reflux obstruction and subsequently, bilateral 
thalamic hyperemia or ischemia. Moreover, when the 
engorged blood exceeds the venous capacity, hemorrhage 
occurs. Generally speaking, the internal cerebral veins 
collect the confluence of veins in the superior and medial 
portions of the thalamus, while the basilar artery recovers 
blood from veins in the inferior and lateral portions of the 
thalamus. Our patient presented with hypersomnolence, 
spatial disorientation, short-term memory impairment, and 
other symptoms, and speech dysfunction was also observed. 
Therefore, the symptoms of thalamic dementia caused by 
dAVF in this patient may be related to the above causes.

Studies have found that dAVF patients with dementia 
have a subacute onset, and their symptoms can show definite 
improvement or even disappear entirely after treatment  
(26-28). Therefore, for dAVF patients with thalamic 
dementia, early intervention is critical to prevent disease 
deterioration. However, in addition to the difficulty posed 
by diagnosis, effective treatment is often challenging 
for patients with a dAVF in the deep venous system. 
Endovascular embolization is the prevailing front-line 
standard of therapy for dAVF. In our literature review, we 
found that 94% of patients were treated with endovascular 
embolization and that it led to symptomatic improvement 
or radiographic resolution. The aim of endovascular 
embolization is to improve venous outflow of the normal 
cerebral parenchyma by disrupting the arteriovenous  
shunt (29). For patients with dAVF-induced dementia, early 
endovascular embolization may reduce venous hypertension, 
reverse venous bleeding, and eliminate the risk of 
hemorrhage. As cerebral venous hemodynamics improve, 
neurological function is restored over the subsequent few 

months. In our case and in two previously reported cases 
(3,29), cognitive amelioration was linked to a reduction in 
venous hypertension and congestion after occlusion of the 
dAVF. Postoperative MRI also confirmed this link, showing 
a reversal of the T2 weighted imaging signal changes and 
a reduction in the dilated intramedullary veins. Although 
endovascular embolization is regarded as the front-line 
criterion for dAVF, in a recent review, Velz et al. reported 
that complete occlusion of the dAVF was achieved in only 
33.3% of patients, resulting in extremely high morbidity 
and mortality (30). Therefore, endovascular treatment is 
difficult for certain dysplastic dAVFs and in cases where the 
main blood supply arteries are thin or there is thrombosis 
or narrowing of the venous sinuses. Microsurgical resection 
is deemed to be the adequate approach for the treatment 
of such cases. Nevertheless, compared with endovascular 
embolization, microsurgical resection carries a higher risk, 
as exposure of the dAVF is difficult and can potentially 
lead to bleeding events (31). Moreover, it is difficult to 
resolve cases of dAVF with complex angioarchitecture 
and hemodynamics using a single method, and a multiple 
approach combination including endovascular embolization, 
microsurgery, and stereotactic radiosurgery often provides 
better results. 

 In conclusion, thalamic dementia is a peculiar but 
reversible manifestation of dAVF, and its pathogenesis 
may be associated with venous hypertension. The majority 
of cases of thalamic dementia caused by dAVF have the 
characteristics of subacute attack, and its symptoms can 
be improved or even completely eliminated by treatment. 
Therefore, for patients with dAVF with rapidly progressive 
dementia, early and differential diagnosis is critical, and 
early intervention through surgery or TAE is necessary to 
prevent further deterioration of cognitive function.
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