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Section 1
A 68-year-old Vietnamese man presented to the hospital with rapid cognitive decline. One week
after returning from a trip to Vietnam, he developed progressive confusion, day–night reversal,
memory loss, and slowed speech and gait. No preceding febrile illness was reported. After 2
weeks of symptoms, he was admitted to a hospital and treated with steroids and IV immunoglobulin therapy due to concern for autoimmune encephalitis (AE). Soon thereafter, he was
transferred to our facility due to lack of clinical improvement and extension of T2 hyperintense
signal on repeat MRI, detailed below. On examination, the patient was alert, with marked abulia and
impaired orientation, attention, naming, and following commands. He had frontal release signs
including glabellar, grasp, and snout reﬂexes. His cranial nerve examination including funduscopic
examination was unremarkable. There was mildly increased tone in his bilateral arms but not his legs
with normal strength throughout. His left arm was hyperreﬂexic in the brachioradialis and biceps
without additional pathologic reﬂexes, including Hoﬀman or Babinski signs, or additional lateralization. His sensation and coordination were unremarkable.
Initial CSF studies showed 4 white blood cells per mm3 (ref 0–5/mm3), glucose of 55 mg/dL
(ref 60–75 mg/dL), and protein of 115.1 mg/dL (ref 15–45 mg/dL), with an opening pressure
of 15 cm H2O. EEG showed generalized diﬀuse slowing. MRI of the brain showed bilateral T2
hyperintense signal in the thalami that extended to the left splenium on repeat imaging. In the
area of this abnormal signal, there was mild diﬀusion restriction and patchy gadolinium enhancement. Gradient echo images showed a few punctate areas of susceptibility artifact compatible with microhemorrhages in the left external capsule and right mesial occipital lobe
(ﬁgure, A–E).
Questions for consideration:
1. What is the localization?
2. What is the most likely diagnosis and diﬀerential diagnosis?
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Section 2

venous abnormalities were related to the acute clinical decline
and neuroimaging changes.

The patient presented with acute onset of cognitive decline.
The history and examination suggested a multifocal process
aﬀecting the frontal, thalamic, or limbic regions of the brain.
The diﬀerential diagnosis for a rapid cognitive decline with
this rapid pace of illness and diﬀerential localization included
infectious encephalitis, Creutzfeldt-Jakob disease (CJD),
vascular causes such as sequential infarcts or venous congestion, toxic-metabolic entities such as osmotic extrapontine demyelination or Wernicke encephalopathy, and
immune-mediated encephalopathies, including paraneoplastic processes.
The patient’s MRI showed T2 hyperintense signal in the left
mesial temporal lobe, left occipital lobe, and bilateral thalami
with prominent edema, concerning for a vascular process.
Bithalamic lesions should raise concern for stroke in the setting of an anatomical variation in which there is only one
paramedian artery. With this vascular variant, a single paramedian artery (the artery of Percheron) arises from the
proximal posterior cerebral artery and bifurcates to supply
both medial thalami. Occlusion of this artery results in
bithalamic infarction, with midbrain involvement in some
cases. Venous infarcts were also considered, given the imaging
appearance with relatively symmetric, deep brain MRI T2
hyperintensities with associated edema that did not respect an
arterial distribution. CT venogram showed an absent or hypoplastic straight sinus without a clear ﬁlling defect to suggest
thrombus (ﬁgure, F). There were signs of venous collateralization, however, indicating a chronic veno-occlusive process
of the venous sinus system. As the imaging suggested
a chronic or even developmental process, it was unclear if the

Other possibilities on the diﬀerential diagnosis for bithalamic lesions were considered, including CJD, Wernicke
encephalopathy, viral encephalitis, and AE. Although CJD
can produce bilateral thalamic abnormalities, it does not
produce marked edema or mass eﬀect on MRI. Further, it
would typically produce cortical ribboning on diﬀusionweighted imaging, which was not detected in this case.
Wernicke encephalopathy can also produce bithalamic
lesions, but the imaging was atypical for this entity, since
the mammillary bodies, periaqueductal area, tectal
plate, and region surrounding the third ventricle were all
spared.
Several viral encephalitides, particularly ﬂaviviruses, produce
bithalamic lesions and may also produce further multifocal
brain ﬁndings on MRI. In conjunction with the patient’s recent travel to Vietnam, Japanese encephalitis virus (JEV) was
the initial top consideration. JEV is the most common cause of
encephalitis in Vietnam. It is a mosquito-borne ﬂavivirus that
most commonly causes asymptomatic infection, but 1% of
infections cause encephalitis.1 Encephalitis from JEV presents
with fevers, rigors, and headaches, classically producing
bithalamic MRI hyperintensities. In this patient, however,
there was no CSF pleocytosis or infectious symptoms, which
raised doubts about this diagnosis. In addition, AE was less
likely given the patient’s lack of response to steroids and IV
immunoglobulin.
Question for consideration:
1. What additional testing should be performed?

GO TO SECTION 3

316

Neurology | Volume 93, Number 7 | August 13, 2019

Neurology.org/N

Copyright © 2019 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

Section 3
Repeat CSF studies were obtained as was CSF 14-3-3 with
RT-Quic reﬂex and further infectious studies including tests
for JEV, dengue virus, and chikungunya virus. Subsequent
brain imaging, performed because of further neurologic decline, showed interval development of an 8-mm left occipital
intraparenchymal hemorrhage.
Given persistent concern for an underlying venous clot
undetected on previous imaging, the patient underwent
venous phase conventional angiography (ﬁgure, G–J). It
showed a Borden grade III dural arteriovenous ﬁstula
(dAVF) of the straight sinus with a short segmental occlusion of the midportion of the straight sinus. Multiple
supplying vessels were identiﬁed including the posterior
branch of the left middle meningeal artery and a meningeal
branch of the left posterior cerebral artery, the artery of
Davidoﬀ and Schechter. Transarterial glue embolization
was performed, resulting in a 70% reduction in blood ﬂow
to the dAVF. A transvenous approach was aborted due to
inability to pass the catheter through the straight sinus
thrombus, suggesting the clot was chronic. MRI ﬁndings

progressed despite ﬂow reduction. Therapeutic anticoagulation was initiated, as the risk of ongoing progression
was considered to be greater than the risk of anticoagulation, particularly in the absence of further interventional or surgical options. A hypercoagulability workup,
including factor V Leiden, activated protein C, protein C
and S, prothrombin 20210A, anticardiolipin antibody, and
β2 glycoprotein, was negative. Neuroimaging results 1 week
after anticoagulation initiation were unchanged without
evidence of new pathology, including hemorrhage. The
patient began to improve in level of consciousness, language production, and purposeful movements and was
discharged to rehabilitation.

Discussion
dAVF are abnormal connections between meningeal
arteries and dural veins or venous sinuses. Studies have
found detection rates ranging from 0.15 to 0.29 per
100,000, which may underestimate incidence, since they are
often asymptomatic. dAVF with antegrade ﬂow typically
present with headaches and pulsatile tinnitus. If they

Figure Cerebral imaging

MRI of the brain (A–E), CT venogram (F), and cerebral angiogram (G–J). (A) Axial T2-weighted fluid-attenuated inversion recovery sequence shows bilateral
hyperintensities in the thalamus extending into the splenium, with hyperintensity in the left occipital lobe. There is patchy diffusion restriction on diffusionweighted imaging (B) and apparent diffusion coefficient (C) with minimal enhancement in the bilateral thalami and minimal diffusion restriction (D). Gradient
echo images in a more superior plane (E) show a hypointensity consistent with microhemorrhage in the left occipital lobe. These findings were concerning for
venous hypertension, so further vascular imaging was obtained. (F) Sagittal CT venogram shows occlusion of the straight sinus in its midportion (arrow).
Although the occlusion did not show a clear filling defect consistent with a venous sinus thrombosis, the patient’s course and MRI findings were concerning for
venous hypertension, so a venous phase cerebral angiogram was performed. Left vertebral artery injection (G) and left external carotid artery injection (H)
show dural supply to the straight sinus/deep venous fistula. There is occlusion of straight sinus outflow to the torcular herophili. Left vertebral artery injection
(G) shows early opacification of venous recipient pouch of the dural fistula during the capillary phase 9 (arrow). (I) Superselective injection of posterior
meningeal branch shows connection to the arterialized venous pouch. (J) Left common carotid artery injection shows N-butyl cyanoacrylate cast with
eliminated arterial flow to the pouch from external carotid artery. Continued flow from Davidoff Schecter present (not pictured—this branch could not be
safely embolized due to nearby pial supply).
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produce elevated venous pressure in the setting of retrograde venous sinus drainage, patients may present with
signs of increased intracranial pressure such as headaches
and papilledema.2
dAVF more rarely present with cognitive and behavioral
changes, likely related to progressive cerebral edema.3 One
study found that 4% of patients with dAVF present with dementia.3 Therefore, dAVF should be considered with rapidly
progressive dementia when suggestive imaging ﬁndings are
present. Early consideration and diagnosis is essential because
with treatment, dAVF progression may be slowed, halted, or
reversed.4,5
CT angiography (CTA) and magnetic resonance angiography
(MRA) are recommended for detection of dAVF, but their
reported sensitivity varies widely by study and is as low as 50%
for MRA and 15% for CTA.6 Though some imaging signs
such as asymmetric jugular venous attenuation, abnormally
prominent arterial feeders, and shaggy sinus/tentorium can
increase sensitivity and speciﬁcity of CTA to >90%,6 a high
suspicion for dAVF with negative noninvasive imaging studies
should prompt catheter angiography, which is the gold standard for diagnosis of dAVF.
dAVF are commonly associated with nearby cerebral venous
sinus thrombosis (CVST). In one study, nearly 40% of
patients with dAVF had concurrent venous sinus thromboses.7 It is thought that the underlying mechanism is that
CVST causes venous hypertension and angiogenesis, which
promotes ﬁstula formation leading to dAVF.8
The primary treatment of symptomatic dAVF is ﬁstula embolization.5 For this patient, the goal of embolization was to
treat venous hypertension and eliminate direct cortical venous
drainage. The subacute decline prior to hospitalization may
have occurred due to venous hypertension from the thrombus
overwhelming the ability of collateralization to compensate
for elevated venous pressure. It is also possible that the
patient’s dAVF was quiescent for some time, and his subacute
decline corresponded with development of a malignant
anomalous venous ﬂow pattern, such as arterialization or
retrograde venous drainage.9 These events could have led to
venous infarcts in the setting of venous hypertension.
Acute, unprovoked CVST are typically treated with anticoagulation for 6–12 months.10 The chronicity of the patient’s
CVST was unclear. However, since his decline and venous
hypertension were progressive, producing infarcts and intracerebral hemorrhage, the beneﬁts of anticoagulation were
believed to outweigh the substantial risks.

It also highlights the importance of early consideration and
diagnosis of dAVF with associated CVST as an underlying
cause for rapidly progressive dementia because their discovery
may necessitate prompt endovascular therapy, which can
greatly improve patient outcomes.
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