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persons per year and comprises 10-15% of intraparenchy-
mal arteriovenous malformations [1–3]. As affected by 
the different locations of the fistula and multiple venous 
drainage patterns, the clinical manifestations of DAVF 
are widely varied, ranging from vague symptoms such as 
headache or tinnitus to disabling focal neurologic deficits 
or a life-threatening intracranial hemorrhage [3]. Among 
them, non-hemorrhagic focal neurological deficits are 
fairly uncommon. It is quite challenging to promptly 
diagnose a DAVF at an early stage with this nonspecific 
symptom as the initial manifestation, especially when the 
patient is admitted in emergencies. Herein, we report a 

Background
Intracranial dural arteriovenous fistula (DAVF) is an 
unusual cerebral vascular malformation defined by 
an abnormal connection between branches of arter-
ies and veins in the dura mater. The incidence of DAVF 
is reported to be approximately 0.15–0.29 per 100,000 
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Abstract
Background Non-hemorrhagic focal neurological deficit is one of the clinical manifestations of intracranial dural 
arteriovenous fistulas (DAVF). When symptoms appear suddenly, it is difficult to distinguish it from ischemic stroke in 
certain circumstances, which might easily lead to misdiagnosis. Here, we report a rare case of DAVF with sudden onset 
sensory aphasia mimicking hyperacute stroke but presented with unexpected regional hyperperfusion on the site 
corresponding to its symptoms.

Case presentation A 76-year-old male with histories of atrial fibrillation and hypertension was admitted to the 
emergency department due to sudden sensory aphasia. The diagnosis of ischemic stroke was made based on clinical 
experience after non-contrast CT excluding hemorrhage. As in the absence of clear contraindication, the patient 
received intravenous thrombolysis. On the cerebral CT perfusion, the left temporal lobe, where the sensory speech 
center is located, was manifested as regional hyperperfusion. Thrombolysis was subsequently halted, but scheduled 
cranial imaging indicated hemorrhagic transformation. According to the radiological hint from cranial MRI, the patient 
was suspected of having DAVF, which was finally confirmed by cerebral digital subtraction angiography.

Conclusion When DAVF is presented as sudden onset focal neurological deficit, cranial CT perfusion at an early stage 
might reveal an abnormal hyperperfusion pattern. Clinicians should be aware of the diagnostic possibility of DAVF in 
this situation and double-review the CT angiography image to reduce missed diagnoses.
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case of intracranial DAVF presented with sudden onset 
of sensory aphasia, which was initially misdiagnosed as 
ischemic stroke and received intravenous thromboly-
sis. The corresponding cerebral area was manifested as 
regional hyperperfusion on the CT perfusion map, which 
was seldom reported before.

Case Presentation
A 76-year-old man was admitted to our emergency 
department by ambulance at 19:37 because of his sudden 
speech disturbance for 40 min. Medical records revealed 
a previous diagnosis of hypertension for eight years and 
chronic atrial fibrillation for six years. He was on oral 
antihypertension drugs but did not receive anticoagulant 
treatment. His family history was negative for any neuro-
logical disorder, and he denies histories of tinnitus, head 
trauma, or cranial surgery. On neurological examina-
tion, the patient was alert but notable for fluent aphasia 
with paraphrastic errors and inability to name, read, or 
write. The cranial nerves were intact, and all modalities 
of sensation or muscle strength were normal. Physical 
examination revealed body temperature of 36.8 °C, heart 
rate of 84 beats per minute, respiration rate of 20 breaths 
per minute, and blood pressure of 158/76 mm Hg (1 mm 
Hg = 1.33 kPa).

Emergency cranial non-contrast CT was ordered, and 
the result showed neither intracranial hemorrhagic nor 
early ischemic changes. Extensive laboratory examina-
tions were unremarkable, including complete blood 
count, glucose, electrolytes, coagulation studies, and 
hepatic and renal function tests. Given the acute onset of 
the clinical manifestation and a history of atrial fibrilla-
tion without anticoagulation, cerebrovascular embolism 
involving the sensory speech center in the dominant 
hemisphere’s temporal lobe was considered the most 
probable diagnosis. At 36  min from admission, the 
patient received intravenous thrombolysis on a stan-
dard dose of alteplase (0.9 mg/kg body weight), with the 
onset-to-needle time being 73 min. Before thrombolysis, 
the patient had a score of 6 on the National Institutes of 
Health Stroke Scale (NIHSS), and the modified Rankin 
scale (mRS) was 2. In order to determine whether there 
is intracranial large vessel occlusion and the necessity of 
bridge thrombectomy, multimodal CT imaging, includ-
ing a head-and-neck CT angiography (CTA) and cere-
bral CT perfusion, was immediately scheduled after 
initiation of thrombolysis. The results indicated that 
the intracranial vessels were clearly visualized, with no 
large vessels or branches occluded. Regional hyperper-
fusion status in the left temporal lobe was recognized 
on the CT perfusion, with characteristics of an increase 
both in cerebral blood flow and cerebral blood volume 
(Fig.  1). As the hemodynamic change of hyperperfu-
sion was sometimes compatible with seizure activity, a 

bedside electroencephalogram (EEG) was performed to 
eliminate the possibility of focal seizures. On examina-
tion, the patient was still symptomatic, but synchronized 
EEG revealed only intermittent polymorphic delta wave 
changes in the left temporal region without typical epi-
leptiform discharge. Considering the clinical symptoms 
and signs could be explained by the involvement of the 
left temporal lobe, the patient was regarded as having 
cerebral infarction but experienced early vessel recanali-
zation accompanied by post-recanalization hyperperfu-
sion. Intravenous thrombolysis was halted 39  min into 
thrombolysis in fear of hemorrhagic transformation, with 
the actual dosage of alteplase being 65% of the standard. 
The patient’s vital signs were stable during the thrombol-
ysis, with no new neurological signs or headaches occur-
ring. The patient was transferred to the stroke unit ward 
for further monitoring.

Twelve hours after thrombolysis the following day, the 
patient’s speech disturbance was partially recovered, with 
the NIHSS score decreased to 3. And a cranial MRI was 
scheduled to localize the lesions. Unexpectedly, hetero-
geneous signal abnormalities in the left temporal lobe 
were presented, subsequently confirmed by the cranial 
CT being the intraparenchymal hemorrhage (Fig. 1). Sur-
gical intervention was not warranted as the hematoma 
was localized with no significant occupying effect. Thus 
the patient was on continuous monitoring and symptom-
atic treatment. On the seventh day, cranial CT showed 
obvious absorption of the hemorrhage. The symptoms of 
aphasia were further improved, leaving only occasional 
spelling mistakes.

Cranial susceptibility-weighted imaging (SWI) was also 
performed during the hospitalization to evaluate the pos-
sible cerebral microbleeds burden as post-thrombolysis 
hemorrhage occurred. The results indicated no evidence 
of cerebral microbleed but conspicuous venous vascu-
lature in the left temporo-occipital lobe and cerebellum 
(Fig.  1). When reevaluating the initial CT angiography 
imaging, early visualization of the left transverse sinus 
segment, previously described as venous contamina-
tion, had regained our attention (Fig.  1). Cerebral digi-
tal subtraction angiography (DSA) was ordered, which 
revealed a left transverse sinus and sigmoid sinus DAVF 
(TS-SS DAVF) supplied mainly by the ipsilateral occipi-
tal artery and branches of the middle meningeal artery. 
The increased shunt flow from the fistula and combined 
downstream stenosed sigmoid sinus caused venous 
hypertension and retrograde venous drainage directly 
into cortical veins (Fig. 2). The patient refused endovas-
cular embolization and was free of new symptoms on a 
3-month clinical revisit.



Page 3 of 6Chen et al. BMC Neurology          (2023) 23:180 

Discussion and conclusions
Intracranial DAVF is a rare vascular condition where 
abnormal arteriovenous shunts are made within the dura 
mater. As DAVF tend to present later in life between the 
ages of 40 and 60, they are now thought to be acquired 
lesions [3]. Common predisposing factors reported 
include cerebral venous sinus thrombosis, head trauma, 
ear infection, and previous cranial surgery. Although the 
exact pathogenesis for the formation of DAVF is unclear, 
secondary venous hypertension due to venous thrombo-
sis is thought to play a critical role [4]. Non-hemorrhagic 
focal neurological deficit is a rare clinical manifestation 
of DAVF, and its diagnosis error or delay may lead to 
poor prognosis or even make patients receive potentially 
harmful treatment. For the possible pathomechanism, 
vascular steal or postictal effect of seizure was postulated 

to explain the symptom [5]. Previous research focused 
on hemodynamic features in DAVF with focal neuro-
logic deficits. The results indicated that reduced regional 
cerebral blood flow was correlated well with the site cor-
responding to the symptoms [6]. In this case, we demon-
strate a patient with intracranial DAVF who presented 
with sudden onset of focal neurologic deficits mimicking 
ischemic stroke. On the emergency cerebral CT perfu-
sion map, rather than reduced regional cerebral blood 
flow, the related left temporal lobe explaining the sensory 
aphasia was manifested as hyperperfusion. According 
to our knowledge, no similar case with direct evidence 
of cerebral hyperperfusion was ever reported. Regional 
cerebral hyperperfusion, sometimes called luxury perfu-
sion syndrome, is a focal increase in cerebral blood flow 
accompanied by a reduction in cerebral oxygen extraction 

Fig. 1 Cranial imaging appearance of the patients. (A) CT perfusion showed regional hyperperfusion in the left temporal lobe, with characteristics of a 
significant increase in cerebral blood flow (CBF), a mild increase in cerebral blood volume (CBV), and a prolonged mean transit time (MTT) and time to 
peak (TTP). (B) Cranial MRI and CT indicated hemorrhagic transformation in the left temporal lobe after intravenous thrombolysis. (C) Cranial CTA showed 
an early visualized left transverse sinus segment (black arrowhead), which was previously ignored and misinterpreted as venous contamination. (D) Hy-
pervascularity in the left cerebral hemisphere (white arrow) was noted in cranial CTA, consistent with the regional hyperperfusion pattern. (E) Cranial MRI 
T2 sequence revealed tortuous abnormal vascular flow voids (white arrow) in the left temporo-occipital lobe and cerebellum. (F) Cranial susceptibility-
weighted imaging showed clusters of engorgement veins, thought to represent collateral venous flow (white arrow)
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fraction. This phenomenon is occasionally seen in isch-
emic stroke patients with cerebral vessels recanalized by 
mechanical thrombectomy [7, 8]. And the mechanism is 
thought to be hemodynamic changes secondary to tissue 
metabolic acidosis [9]. Therefore, we initially mistakenly 
believed the hypervascularity in this reported case was 
explained by the early vessel recanalization after cerebral 
infarction. However, the final correct diagnosis of intra-
cranial DAVF was made through clinical follow-up and 
cerebral imaging reevaluation.

In this case, the non-hemorrhagic focal neurologi-
cal deficit with regional cerebral hyperperfusion, which 
differs from previously reported hypoperfusion, might 
reflect the adaptive changes in hemodynamics during an 
early stage in DAVF. With the presence of TS-SS DAVF, 

the arterial pressure would directly retrograde trans-
mitted into the cerebral venous system, causing cortical 
venous hypertension and then impairing parenchymal 
venous drainage. When the metabolic wastes cannot be 
effectively cleared, a regional metabolic acidosis environ-
ment is created and thus stimulate the inflow artery to 
dilate, temporarily leading to regional cerebral hyperper-
fusion. However, this hypervascularity hemodynamics 
adaptive changes might only occur in the early stage of 
the disease. As cortical vein retrograde reflux and venous 
hypertension cannot be relieved, the cerebral blood flows 
would adaptively turn to supply the surrounding nor-
mal tissue, causing the consequent hypoperfusion of the 
affected area. Another possible explanation for this focal 
neurological deficit and regional cerebral hyperperfusion 

Fig. 2 Cerebral digital subtraction angiography of the patients. (A) The Cognard type IIb dural arteriovenous fistula in the transverse sinus (black asterisk) 
is observed on digital subtraction images of a cerebral angiogram after left common carotid artery contrast injection. (B) The fistula was filled via shunts 
fed by the left occipital artery (white arrow) and branches of the middle meningeal artery (white arrowhead). (C) The downstream left sigmoid sinus 
(white arrowhead) appeared severe stenosis. (D) Retrograde venous drainage from the left transverse sinus (black asterisk) back into the vein of Labbe 
(white arrow) was observed during the late phase of cerebral angiogram
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was correlated with epileptic seizure activity [10]. Due 
to cortical venous reflux and congestion, the adjacent 
cerebral parenchyma might experience vasogenic edema 
accompanied by blood-brain barrier destruction, thus 
leading to abnormal neuronal discharge. Although the 
synchronized bedside EEG showed only regional slowing 
waves without electrographic seizures, it still remains the 
possibility to judge the neurological symptoms of speech 
disorders as postictal status.

Because the mechanism of the focal neurological defi-
cit caused by DAVF is non-thrombotic, intravenous 
thrombolysis was ineffective and instead increased the 
risk of hemorrhagic transformation. Case of intracra-
nial DAVF misdiagnosed as ischemic stroke and expe-
rienced fatal intracranial hemorrhage after intravenous 
thrombolysis has also been reported before [11]. Our 
patient was also initially diagnosed with ischemic stroke 
and received intravenous thrombolysis without apparent 
contradiction. However, thrombolysis was immediately 
halted when the unexpected regional hyperperfusion was 
observed on the cerebral CT perfusion. It might partially 
explain why the hemorrhage was localized and did not 
cause serious consequences. Although no signal abnor-
mality was found on cranial non-contrast CT, we assume 
that the anatomical basis of DAVF-induced non-hemor-
rhagic focal neurological deficits is cerebral parenchyma 
vasogenic edema caused by cortical venous hyperten-
sion/congestion. It is a pity we did not have the patient 
complete the cranial MRI before thrombolysis, and the 
subsequent hemorrhagic transformation masked the 
original lesion.

Cerebral DSA is the gold standard for diagnosing 
DAVF, but its invasive characteristics limit its extensive 
application. Although cranial MRI and conventional 
CT angiography are inferior in sensitivity in diagnosing 
DVAF to cerebral DSA, recognition of tiny radiological 
signs in the image by experienced physicians can help 
screen suspected patients promptly. Direct abnormal 
connection between arteries and veins and early visual-
ized drainage veins are the main criteria for diagnos-
ing DAVF on CTA. However, they were easily ignored 
in patients with low flow and concealed fistula. Due to 
venous hypertension and cortical venous reflux, venous 
engorgement would occur around the site of the fistula, 
which could manifest as abnormal vascular flow void 
on conventional T2 sequence. Furthermore, secondary 
ischemia urges the brain parenchyma to increase oxygen 
extraction from the vessel, which results in more desatu-
ration of blood in the veins and together contributes to 
the prominence of the venous structure on SWI [12].

In conclusion, dural arteriovenous fistulas are hetero-
geneous vascular abnormalities with clinical symptoms 
and prognosis highly dependent on the fistula’s location 
and the venous drainage pattern. Venous hypertension 

and secondary arterial changes were considered as pos-
sible pathomechanisms. When the venous pressure is 
transmitted to a more restricted region, the behavioral 
syndrome will present as focal neurological deficits, 
which might be indistinguishable from that arising from 
an ischemic stroke. From the lesson learned from this 
case, when the emergency cerebral CT perfusion result 
does not meet the expected cerebral ischemic hypoper-
fusion pattern but instead indicates regional hyperper-
fusion, clinicians should include the possibility of DAVF 
as the differential diagnosis. Although some literature 
indicates hyperperfusion results on cerebral CT perfu-
sion should not affect the decision of thrombolysis as 
an accompanied seizure can be the presenting feature of 
stroke [13], we strongly suggest carefully double-review 
the cranial CTA and reconsidering the risk of intravenous 
thrombolysis.

Abbreviations
DAVF  dural arteriovenous fistula
DSA  digital subtraction angiography
CTA  computed tomography angiography
CTP  computed tomography perfusion
SWI  susceptibility-weighted imaging
NIHSS  National Institutes of Health Stroke Scale
mRS  modified Rankin Scale
EEG  electroencephalogram
CBF  cerebral brain flow
CBV  cerebral brain volume
MTT  mean transmit time
TTP  time to peak

Acknowledgements
Not applicable.

Authors’ contributions
HFC wrote the manuscript. HFC and RLW performed the literature search 
and collected data. HFC and ZQX performed the data interpretation. ZQX 
conceived the ideas and reviewed the manuscript. All authors read and 
approved the final manuscript.

Funding
None.

Data Availability
The datasets used or analyzed during the current case report are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Institutional Review Board of the First Affiliated Hospital to Zhejiang 
University approved the study.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and any accompanying images.

Competing interests
The authors declare no competing interests.

Received: 24 January 2023 / Accepted: 26 April 2023



Page 6 of 6Chen et al. BMC Neurology          (2023) 23:180 

References
1. Satomi J, Satoh K. [Epidemiology and etiology of dural arteriovenous fistula]. 

Brain Nerve. 2008;60 8:883–6.
2. Brown RD, Jr., Wiebers DO, Torner JC, O’Fallon WM. Incidence and prevalence 

of intracranial vascular malformations in Olmsted County, Minnesota, 1965 to 
1992. Neurology. 1996;46 4:949–52; https://doi.org/10.1212/wnl.46.4.949.

3. Gandhi D, Chen J, Pearl M, Huang J, Gemmete JJ, Kathuria S. Intracranial dural 
arteriovenous fistulas: classification, imaging findings, and treatment. AJNR 
Am J Neuroradiol. 2012;33 6:1007–13; https://doi.org/10.3174/ajnr.A2798.

4. Kwon BJ, Han MH, Kang HS, Chang KH. MR imaging findings of intracranial 
dural arteriovenous fistulas: relations with venous drainage patterns. AJNR 
Am J Neuroradiol. 2005;26 10:2500–7.

5. Mohr JP, Kejda-Scharler J, Pile-Spellman J. Diagnosis and treatment of arterio-
venous malformations. Curr Neurol Neurosci Rep. 2013;13 2:324; https://doi.
org/10.1007/s11910-012-0324-1.

6. Iwama T, Hashimoto N, Takagi Y, Tanaka M, Yamamoto S, Nishi S, et al. 
Hemodynamic and metabolic disturbances in patients with intracranial 
dural arteriovenous fistulas: Positron emission tomography evaluation before 
and after treatment. Journal of Neurosurgery. 1997;86 5:806–11; https://doi.
org/10.3171/jns.1997.86.5.0806.

7. Ye J, Chen L, Zhong X, Li N, Lu D, Li G, et al. Cerebral hyperperfusion syn-
drome following mechanical thrombectomy due to cardiogenic embolism. 
Neurol Sci. 2021;42 7:3057–9; https://doi.org/10.1007/s10072-021-05235-w.

8. Kneihsl M, Enzinger C, Gattringer T. Cerebral hyperperfusion syndrome after 
mechanical thrombectomy. J Neurointerv Surg. 2021;13 12:1187–8; https://
doi.org/10.1136/neurintsurg-2021-017693.

9. Spreafico G, Cammelli F, Gadola G, Freschi R, Zancaner F. Luxury per-
fusion syndrome in cerebral vascular disease evaluated with tech-
netium-99m HM-PAO. Clin Nucl Med. 1987;12 3:217–8; https://doi.
org/10.1097/00003072-198703000-00014.

10. Gugger JJ, Llinas RH, Kaplan PW. The role of CT perfusion in the evalua-
tion of seizures, the post-ictal state, and status epilepticus. Epilepsy Res. 
2020;159:106256; https://doi.org/10.1016/j.eplepsyres.2019.106256.

11. Tan Y-J, Raj SRS, De Silva DA. Intracranial dural arteriovenous fistula mimicking 
ischemic stroke and treated with intravenous thrombolysis. Neurology Asia. 
2020;25 2:193–6.

12. Saini J, Thomas B, Bodhey NK, Periakaruppan A, Babulal JM. Susceptibility-
weighted imaging in cranial dural arteriovenous fistulas. AJNR Am J Neurora-
diol. 2009;30 1:E6; https://doi.org/10.3174/ajnr.A1265.

13. Davies E, Elnagi F, Smith T. CT perfusion: stroke, seizure or both? BMJ Case 
Rep. 2021;14 12; https://doi.org/10.1136/bcr-2021-245723.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.1212/wnl.46.4.949
http://dx.doi.org/10.3174/ajnr.A2798
http://dx.doi.org/10.1007/s11910-012-0324-1
http://dx.doi.org/10.1007/s11910-012-0324-1
http://dx.doi.org/10.3171/jns.1997.86.5.0806
http://dx.doi.org/10.3171/jns.1997.86.5.0806
http://dx.doi.org/10.1007/s10072-021-05235-w
http://dx.doi.org/10.1136/neurintsurg-2021-017693
http://dx.doi.org/10.1136/neurintsurg-2021-017693
http://dx.doi.org/10.1097/00003072-198703000-00014
http://dx.doi.org/10.1097/00003072-198703000-00014
http://dx.doi.org/10.1016/j.eplepsyres.2019.106256
http://dx.doi.org/10.3174/ajnr.A1265
http://dx.doi.org/10.1136/bcr-2021-245723

	Dural arteriovenous fistula presenting with stroke-like symptoms and regional cerebral hyperperfusion: a case report
	Abstract
	Background
	Case Presentation
	Discussion and conclusions
	References


