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Abstract
Objective To describe the diagnostic features of intracranial dural arteriovenous fistulae (DAVF) presenting with cervical 
cord or brainstem swelling.
Methods Retrospective case note and neuroimaging review of patients with angiographically confirmed DAVF diagnosed 
during January 2015–June 2020 at a tertiary neuroscience centre (Walton Centre NHS Foundation Trust, Liverpool, UK).
Results Six intracranial DAVF causing cervical cord or brainstem oedema (all males aged 60–69 years) and 27 spinal DAVF 
(88% thoracolumbar) were detected over a 5.5-year period. Significantly more patients with intracranial DAVF received 
steroids for presumed inflammatory myelitis than those with spinal DAVF (5/6 vs 1/27, p = 0.0001, Fisher’s exact test). Sev-
eral factors misled the treating clinicians: atypical rostral location of cord oedema (6/6); acute clinical deterioration (4/6); 
absence (3/6) or failure to recognise (3/6) subtle dilated perimedullary veins on MRI; intramedullary gadolinium enhance-
ment (2/6); and elevated CSF protein (4/5). Acute deterioration followed steroid treatment in 4/5 patients. The following 
features may suggest DAVF rather than myelitis: older male patients (6/6), symptomatic progression over 4 or more weeks 
(6/6) and acellular CSF (5/5).
Conclusion Intracranial DAVF are uncommon but often misdiagnosed and treated as myelitis, which can cause life-threat-
ening deterioration. Neurologists must recognise suggestive features and consider angiography, especially in older male 
patients. Dilated perimedullary veins are an important clue to underlying DAVF, but may be invisible or easily missed on 
routine MRI sequences.

Keywords Dural arteriovenous fistula · DAVF · Cognard type V · Myelitis · Myelopathy

Introduction

Dural arteriovenous fistulae (DAVF) are acquired, direct 
connections between an artery and a vein without an inter-
vening capillary network. Resultant venous hypertension 
may cause tissue oedema, hypoxia and ultimately, infarc-
tion. Spinal DAVF connect a radiculomedullary artery and 
vein, causing spinal cord oedema that classically manifests 
with an insidiously progressive or fluctuating myelopathy. 
Identification of dilated perimedullary veins through care-
ful inspection of MR images is usually pivotal in making 
the diagnosis. Embolization or surgical disconnection can 
stabilize or improve neurological disability. However, late 
diagnosis is common, resulting in significant disability in 
many cases [1].

The vast majority of spinal DAVF are thoracolumbar; 
only 2% are cervical [2]. However, intracranial DAVF can 

 * Daniel Whittam 
 daniel.whittam@nhs.net

1 Department of Neurology, The Walton Centre NHS 
Foundation Trust, Liverpool, UK

2 Faculty of Health and Life Sciences, The University 
of Liverpool, Liverpool, UK

3 Manchester Centre for Clinical Neurosciences, Salford Royal 
NHS Foundation Trust, Salford, UK

4 Department of Interventional Neuroradiology, The Walton 
Centre NHS Foundation Trust, Liverpool, UK

5 Department of Neurology, Cleveland Clinic Hospital, 
Abu Dhabi, United Arab Emirates

http://orcid.org/0000-0002-9430-8190
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-021-10571-0&domain=pdf


4681Journal of Neurology (2021) 268:4680–4686 

1 3

also drain into spinal perimedullary veins as they enter the 
skull, causing brainstem or cervical cord oedema (Cognard 
type V DAVF) [3]. Such cases are considered rare, but are 
probably under-diagnosed and often mistaken for acute 
transverse myelitis (ATM), a far commoner cause of cervi-
cal myelopathy [4, 5]. Misdiagnosis may have grave conse-
quences, because steroids, the standard treatment for ATM, 
can prompt rapid neurological deterioration in half of spinal 
DAVF cases [6]. Ascending cervical cord oedema could lead 
to ventilatory failure.

In this study, we identified all Cognard type V DAVF 
diagnosed at a tertiary UK neuroscience centre, which serves 
3.5 million people. The objective was to review the diag-
nostic characteristics of these cases, identifying pitfalls and 
clues that may aid earlier differentiation from ATM.

Methods

We searched our interventional neuroradiology database 
for angiographically confirmed DAVF between January 
2015 and June 2020 (5.5 years). The case record and neu-
roimaging of each patient was retrospectively reviewed to 
identify clinical, radiographic and CSF characteristics. Writ-
ten consent was obtained from all patients to publish their 
anonymised clinical data.

Results

During a 5.5-year period, 33 DAVF were identified affecting 
the spinal cord. Twenty-seven were spinal DAVF (cervical 
[3], thoracic [16], lumbar [8]). Six were intracranial Cognard 
type V DAVF. The clinical, CSF, MRI and angiographic 
findings are summarised in Table 1. Steroids were adminis-
tered more frequently for presumed ATM with Cognard type 
V DAVF (5/6) compared to spinal (1/27, cervical) DAVF 
(p = 0.0001, Fisher exact test).

Clinical findings

All Cognard type V DAVF patients were males in their 7th 
decade with a symptom duration of 1–8 months. Acute or 
hyperacute deterioration was observed in 4/6 cases. Clinical 
deterioration after steroid treatment occurred in 4/5 cases. 
Case 5 developed bulbar and respiratory failure 4 h after 
receiving steroids. Case 3 initially improved following ster-
oids but deteriorated acutely 3 months later.

MRI and CSF findings

Figure 1 shows the initial MRI of each case. Figure 2 com-
prises a selection of angiography images from cases 1–3. 

Five cases demonstrated longitudinally extensive intramed-
ullary T2-hyperintensity with cord expansion. One patient 
had isolated brainstem oedema (Fig. 1.2). Intramedullary 
gadolinium enhancement was present in 2/6 cases (Fig. 1.4b, 
6b). Dilated perimedullary veins were visible in 3/6 cases 
but were recognised only on specialist neuroradiology 
review. Perimedullary veins were visible as flow voids on 
T2-weighted sequences in two cases (Fig. 1.3, 5) but only 
on the gadolinium-enhanced T1-sequence of case 2 (not 
shown). CSF was obtained in 5 cases; white cell count 
was normal but 4/5 had elevated CSF protein levels (range 
30–120 mg/dL, reference range 15–40 mg/dL).

Outcomes

Four DAVF were amenable to microcatheter-directed embo-
lization with Onyx liquid embolic agent and two required 
surgical disconnection via craniotomy. All patients gained 
some functional recovery post-treatment. Table 1 shows 
modified Rankin scores pre- (median 5, range 2–5) and 
6 months post-treatment (median 2, range 1–4). At last 
follow-up, three patients remain independently mobile, 
one walks with bilateral support, one is a wheelchair user 
and one patient (case 1), also a wheelchair user, has died 
3.6 years post-embolization from soft tissue infection and 
sepsis.

Discussion

Over a 5.5-year period, only six Cognard type V DAVF 
were identified, but this equated to 1 for every 4.5 cases 
of ‘typical’ spinal DAVF. Inevitably, due to the difficulty 
of diagnosing DAVF, an unknown number of cases could 
remain undetected, even retrospectively. Frequent misdiag-
nosis (83%) and potentially life-threatening consequences 
of steroid administration were observed. Only patients with 
cervical cord swelling received steroids. This is presumably 
because it is usually lower thoracic cord swelling that leads 
neurologists to consider the possibility of DAVF. Cervical 
myelopathies are most often inflammatory, including multi-
ple sclerosis (MS) and neuromyelitis optica spectrum disor-
ders (NMOSD). Clinicians were probably also misled here 
by ‘inflammatory’ CSF abnormalities and imaging pitfalls, 
including intramedullary gadolinium enhancement and the 
absence of dilated perimedullary veins.

Demographic characteristics appeared important clues 
to an underlying DAVF. Our series aligns with the previ-
ously reported preponderance for spinal DAVF to affect 
older males. Five males for every one female are diag-
nosed with spinal DAVF and only 1% present before age 
30 years [2]. Conversely ATM occurs frequently in young 
patients, and aquaporin-4 antibody-mediated NMOSD, the 
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archetypal cause of longitudinally extensive ATM, pref-
erentially affects females (sex ratio 3:1–9:1) [7]. Thus, 
DAVF should be strongly considered in all older male 
patients with longitudinally extensive cord swelling, both 
cervical and thoracolumbar.

Temporal progression is also important to consider. 
At presentation, all cases had been symptomatic for over 
4 weeks, whereas ATM reaches a nadir within 3 weeks [8]. 
Four patients experienced an acute on chronic deteriora-
tion, which mimicked ATM, but this is recognised to occur 
with DAVF, particularly with surges in venous pressure 
(exercise or Valsalva manoeuvre). In a series of spinal 
DAVF, 63% progressed gradually, 26% had episodes of 
acute deterioration superimposed on a gradually progres-
sive course, and 5% experienced an acute onset [9]. Pro-
gression of symptoms beyond 4 weeks should, therefore, 
be considered a red flag suggestive of a non-ATM diag-
nosis, and acute deterioration should not stop clinicians 
looking for a DAVF.

Importantly, steroids can cause dramatic clinical deterio-
ration of DAVF, probably through transient mineralocorti-
coid-induced hypervolemia and venous hypertension [4–6, 
10]. This can be life-threatening with high cervical cord 
involvement, as observed in our case of sudden respiratory 
failure. A case of transient clinical improvement was also 
identified. This phenomenon has been reported previously 
and may reflect reduction of cord oedema [11, 12].

CSF findings in DAVF are poorly studied, but albumi-
nocytological dissociation was reported as early as 1926 by 
Charles Foix and Théophile Alajouanine (likely the earli-
est description of spinal DAVF) [13] and in contemporary 
angiographically confirmed cases [10]. In this series, 80% 
demonstrated albuminocytological dissociation. Elevated 
CSF protein is a non-specific finding that does not always 
indicate inflammatory or infective pathology. Mild elevation 
may be seen purely as an age-related phenomenon in those 
over 50 years, and vascular disorders, including DAVF, can 
cause CSF protein elevation through blood-CSF barrier 
disruption. In the context of longitudinally extensive cord 
swelling, the CSF white cell count is more reliable marker 
of inflammation. Acellular CSF is unusual in the context of 
longitudinally extensive ATM and is, therefore, an important 
red flag to look for a vascular aetiology.

The diagnosis of DAVF usually rests on standard MRI, 
can be guided by MR angiography (MRA) and is confirmed 
by digital subtraction angiography (DSA). In T2-weighted 
MRI, DAVF-related cord oedema is hyperintense, longitudi-
nally extensive, centromedullary and poorly delineated [14]. 
Cognard type V DAVF have been reported to cause a charac-
teristic pattern of central brainstem oedema with sparing of 
the periphery as well as internal linear segments in a tigroid 
pattern [15]. Asymmetric brainstem involvement, as seen in 
case 2, has also been reported [12].Ta
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Cord surface flow voids, caused by dilated perimedullary 
veins, strongly suggest a DAVF and must be carefully looked 
for. Specialist neuroradiologist review improved detection 
in our series, but flow voids were nevertheless identified 
in only 33%. They may be absent if the shunt volume is 
small, and conversely, pulsation artefact or venous obstruc-
tion by gross cord swelling may mimic DAVF [14]. A review 

of published Cognard type V DAVF cases reported a 37% 
sensitivity of T2-weighted MRI for spinal vein enlargement 
[16], which is similar to its sensitivity for spinal DAVF [17]. 
Gadolinium improves sensitivity for enlarged perimedullary 
veins, as seen in case 2. In one study, careful examination 
of Gadolinium-enhanced T1-weighted images improved 
detection of dilated perimedullary vessels from 37 to 76%, 

Fig. 1  MRI images at presentation in each of the cases. (1) Case 1: 
sagittal T2-weighted image showing cervical cord swelling and signal 
abnormality from the cervicomedullary junction to C5. (2) Case 2: 
coronal T2-FLAIR image showing signal abnormality in the pons and 
medulla. (3) Case 3: sagittal T2-weighted image showing intramed-
ullary signal abnormality at C2–C7 with cord expansion. Numer-
ous flow voids are visible on the dorsal surface of the cord, indicat-
ing dilated perimedullary vessels. (4a) Case 4: sagittal T2-weighted 
image showing intramedullary signal abnormality at C3–T3 with cord 
expansion. (4b) Case 4: sagittal gadolinium-enhanced T1-weighted 
sequence showing subtle pathological gadolinium enhancement in the 

anterior cord (white arrow). (5) Case 5: sagittal T2-weighted image 
showing intramedullary signal abnormality from the pontomedullary 
junction to T1. There are some subtle flow voids on the cord surface 
(white arrow), but these were initially felt to relate to the patient’s 
history of an intramedullary cavernoma at C7/T1 surgically treated 
9  years prior. (6a) Case 6: sagittal T2-weighted image showing 
intramedullary signal abnormality from C1–C5 with cord expansion. 
(6b) Case 6: sagittal gadolinium-enhanced T1-weighted sequence 
showing pathological gadolinium enhancement in the anterior cervi-
cal cord at C1–C5

Fig. 2  A selection of angiography images from cases 1–3. (1a) Case 
1: MR angiogram (MRA) of the neck in the antero-posterior view 
showing a dilated vessel on the cord surface (white arrow), which 
represents early filling of the anterior spinal vein. (1b) Case 1: arte-
rial phase digital subtraction angiogram (DSA) showing contrast 
injection of the right internal carotid artery. The fistula (black) arrow 
is on the skull base close the hypoglossal canal and is fed by the 
hypoglossal branch of the ascending pharyngeal artery. (1c) Case 1: 

zoomed in view of Fig.  1b, now in the late-arterial phase, showing 
the fistula (solid arrow) filling the anterior spinal vein (dashed arrow). 
(2) Case 2: late arterial phase DSA showing contrast injection of the 
left ascending pharyngeal artery. The fistula (black arrow) is shown 
draining into the anterior spinal vein. (3) Case 3: MRA of the neck in 
the antero-posterior view showing a tortuous vessel on the cord sur-
face (white arrow), which represents early filling of the anterior spi-
nal vein
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demonstrating a clear benefit of contrast administration for 
Cognard type V DAVF diagnosis [12].

Intramedullary gadolinium enhancement was observed in 
33% of our cases, which is frequently considered indicative 
of inflammatory, infectious or neoplastic lesions. However, 
pathological enhancement is reported in half of spinal DAVF 
cases, due to blood-spinal cord barrier disruption [14, 17]. A 
non-enhancing cord segment amidst the enhancement (‘the 
missing piece sign’) due to inconsistent venous drainage, 
may be particularly suggestive of spinal DAVF over ATM 
[18]. Cognard type V DAVF have been reported to cause 
intense central or patchy brainstem enhancement, which may 
be mistaken for brainstem glioma [12, 15].

First-pass gadolinium-enhanced MRA can further aid 
diagnosis, by demonstrating early venous filling and help-
ing to localise the shunt, which may be remote from the cord 
oedema [14]. This can avoid injections of all possible arte-
rial feeders during DSA, which remains the gold standard 
diagnostic test for DAVF. Critically, investigation of sugges-
tive cervical cord lesions must include cranial angiography, 
including selective injection of the external carotid arteries.

All patients in this series improved following obliteration 
of their DAVF but had residual disability. As a treatable con-
dition, early diagnosis minimises long-term sequelae. Unfor-
tunately, diagnostic delays are common, even with typical 
thoracolumbar DAVF. In one series, median diagnostic delay 
was 6 months, during which 96% of patients deteriorated [1]. 
The stakes are even higher with cervical cord involvement, 
underscoring the importance of considering DAVF in this 
context.

Conclusion

Although uncommon, intracranial DAVF may mimic cervi-
cal myelitis, and should be considered in all cases of lon-
gitudinally extensive cord swelling. An integrated diagnos-
tic approach incorporating clinical, CSF and MRI findings 
can identify supportive features. Specialist neuroradiology 
opinion, Gadolinium-enhanced MRI and early angiography 
could prevent serious harm from diagnostic delay or steroid 
administration.

Author contributions DHW collected and analysed data, drafted the 
manuscript and subsequent revisions. SH, EG, RP, TS, AC and MP 
assisted with data collection and analysis. AJ conceived and designed 
the study. All authors critically appraised, revised the manuscript for 
important intellectual content and approved the final version of the 
article.

Funding There was no specific funding for this study.

Availability of data and material Participant data are stored securely at 
The Walton Centre NHS Foundation Trust.

Declarations 

Conflicts of interests Dr. Whittam, Dr. Gibbons, Dr. Huda, Dr. Pullici-
no, Prof. Solomon, Dr. Chandran and Dr. Puthuran have no competing 
interests to disclose. Dr. Jacob served on the scientific advisory board 
for Shire Pharmaceuticals; received travel funding and/or speaker hon-
oraria from Biogen Idec, Shire and Terumo BCT; consulted for Shire 
Pharmaceuticals; and received research support from Biogen, Alexion 
Pharmaceuticals, NHS, and University of Liverpool.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent for publication Patients signed informed consent to publish 
their data and clinical imaging.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Brinjikji W, Nasr DM, Morris JM, Rabinstein AA, Lanzino G 
(2016) Clinical outcomes of patients with delayed diagnosis 
of spinal dural arteriovenous fistulas. AJNR Am J Neuroradiol 
37(2):380–386

 2. Jellema K, Tijssen CC, van Gijn J (2006) Spinal dural arterio-
venous fistulas: a congestive myelopathy that initially mimics a 
peripheral nerve disorder. Brain 129:3150–3164

 3. Cognard C, Gobin YP, Pierot L et al (1995) Cerebral dural arte-
riovenous fistulas: clinical and angiographic correlation with a 
revised classification of venous drainage. Radiology 194:671–680

 4. Kim NH, Cho KT, Seo HS (2011) Myelopathy due to intracranial 
dural arteriovenous fistula: a potential diagnostic pitfall. J Neuro-
surg 114:830–833

 5. Rocca G, Caputo F, Terranova C, Alice S, Ventura F (2019) 
Myelopathy due to intracranial dural arteriovenous fistula with 
perimedullary venous drainage: clinical and medicolegal aspects 
in a case of diagnostic pitfall. World Neurosurg 124:62–66

 6. Nasr DM, Brinjikji W, Rabinstein AA, Lanzino G (2017) Clinical 
outcomes following corticosteroid administration in patients with 
delayed diagnosis of spinal arteriovenous fistulas. J Neurointerv 
Surg 9:607–610

 7. Quek AML, Mckeon A, Lennon VA et al (2012) Effects of age and 
sex on aquaporin-4 autoimmunity. Arch Neurol 69:1039–1043

 8. Transverse Myelitis Consortium Working Group (2002) Proposed 
diagnostic criteria and nosology of acute transverse myelitis. Neu-
rology 59(4):499–505

 9. Jellema K, Canta LR, Tijssen CC, van Rooij WJ, Koudstaal PJ, van 
Gijn J (2003) Spinal dural arteriovenous fistulas: clinical features 
in 80 patients. J Neurol Neurosurg Psychiatry 74(10):1438–1440

 10. O’Keeffe DT, Mikhail MA, Lanzino G, Kallmes DF, Wein-
shenker BG (2015) Corticosteroid-induced paraplegia – a 

http://creativecommons.org/licenses/by/4.0/


4686 Journal of Neurology (2021) 268:4680–4686

1 3

diagnostic clue for spinal dural arterial venous fistula. JAMA 
Neurol 72(7):833–834

 11. Matsumoto H, Ichi S, Bannai T, Igeta Y, Suzuki I, Hashida H 
(2013) Successful presurgical management by intravenous steroid 
therapy in spinal dural arteriovenous fistula. Neurol Clin Neurosci 
1(3):122–124

 12. Roelz R, Van Velthoven V, Reinacher P et al (2015) Unilateral 
contrast-enhancing pontomedullary lesion due to an intrac-
ranial dural arteriovenous fistula with perimedullary spinal 
venous drainage: the exception that proves the rule. J Neurosurg 
123(6):1534–1539

 13. Foix C, Alajouanine T (1926) Subacute necrotic myelitis, slowly 
progressive central myelitis with vascular hyperplasia, and slowly 
ascending, increasingly flaccid amyotrophic paraplegia accom-
panied by albuminocytologic dissociation. Rev Neurol (Paris) 
33:1–42

 14. Krings T, Geibprasert S (2009) Spinal dural arteriovenous fistulas. 
AJNR Am J Neuroradiol 30(4):639–648

 15. Copelan AZ, Krishnan A, Marin H, Silbergleit R (2018) 
Dural arteriovenous fistulas: a characteristic pattern of edema 
and enhancement of the medulla on MRI. Am J Neurorad 
39(2):238–244

 16. Haryu S, Endo T, Sato K, Inoue T, Takahashi A, Tominaga T 
(2014) Cognard type V intracranial dural arteriovenous shunt case 
reports and literature review with special consideration of the pat-
tern of spinal venous drainage. Neurosurgery 74(1):135–142

 17. El Mekabaty A, Pardo CA, Gailloud P (2017) The yield of initial 
conventional MRI in 115 cases of angiographically confirmed 
spinal vascular malformations. J Neurol 264(4):733–739

 18. Zalewski NL, Rabinstein AA, Brinjikji W et al (2018) Unique 
gadolinium enhancement pattern in spinal dural arteriovenous 
fistulas. JAMA Neurol 75(12):1542–1545


	A case series of intracranial dural arteriovenous fistulae mimicking cervical myelitis: a diagnosis not to be missed
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Clinical findings
	MRI and CSF findings
	Outcomes

	Discussion
	Conclusion
	References




