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a b s t r a c t 

The appropriate identification and localization of a nidus of a high flow arteriovenous mal- 

formation is crucial to guide targeted interventional therapy. However, the nidus of a com- 

plex or previously treated HFAVM can be difficult to non–invasively demonstrate on mag- 

netic resonance imaging alone. We describe a unique case of a 56-year-old female with 

a complex high flow arteriovenous malformation in which we demonstrated the feasibil- 

ity of fluorodeoxyglucose positron emission tomography/computed tomography to non–

invasively delineate the nidus which subsequently guided successful targeted interven- 

tional therapy. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

High flow arteriovenous malformations (HFAVMs) shunt blood
from a feeding artery into a draining vein via a central collec-
tion of dysmorphic, tortuous vessels, referred to as a nidus in
the absence of a normal capillary bed [1] . Compared with other
vascular malformations, HFAVMs are considered the most
symptomatic and also the most difficult to treat [2] . Imaging
helps to provide an accurate and early diagnosis which guides
appropriate management, with embolosclerotherapy as the
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primary therapy. In addition, if left untreated, HFAVMs rapidly
progress in size and complexity and also have a high rate of re-
currence post treatment. Identifying and selectively targeting
the nidus of the HFAVMs at an early stage reduces the recur-
rence rates [3] . 

Magnetic resonance imaging (MRI) and catheter angiogra-
phy are the preferred modalities to evaluate HFAVMs in symp-
tomatic patients or in the assessment of vascular anomalies
that have equivocal findings at sonographic evaluation [3] . The
superior temporal resolution of time-resolved MR angiogra-
phy assists with nidus localization [4] and 2-dimensional MR
niversity of Washington. This is an open access article under the 
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Fig. 1 – Time resolved MR angiography (4D Trak, Siemens), 
illustrating a complex HFAVM receiving blood supply from 

the left subclavian and left axillary arteries. There is 
multifocal fistulation and distal arterial steal phenomena 
within the left hand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – FDG PET/CT performed 60 minutes after injection of 
400MBq of 18-F-FDG. This illustrates avid uptake within the 
region of the left humeral head (blue arrow) (color version 

of the figure is available online.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sequences allow for the evaluation of secondary surround-
ing soft tissue and bony involvement. However, in large, com-
plex, multifocal or previously-treated HFAVMs, the location
of the nidus may be difficult to appreciate on MR imaging
alone. 

Since the nidus of a HFAVM is a proliferative, highly an-
giogenic core, it is likely to demonstrate increased radiotracer
uptake in on fluorodeoxyglucose positron emission tomog-
raphy/computed tomography (FDG PET/CT) [5] . We describe a
unique case in which we non–invasively evaluated a complex
HFAVM, using FDG PET/CT to successfully delineate the nidus
which subsequently assisted with targeted embolization. 

Case report 

A 56-year-old female presented to the AVM clinic with a
20-year history of increasing swelling of the left shoulder
associated with significant pain and disability. Despite multi-
ple previous interventions, her symptoms had progressively
worsened over the last 2 years. Clinical examination revealed
a large pulsatile swelling involving the left shoulder with
visible draining veins and a palpable thrill. 

Time resolved MR angiography sequences confirmed the
clinical suspicion of a HFAVM with multiple AV fistulations
arising from the left subclavian, left axillary and left brachial
arteries ( Fig. 1 ). MRI also demonstrated osseous involvement
of the left proximal humeral head with severe cortical dam-
age. The nidus was difficult to appreciate on MRI as the speed
of AV fistulation flow was beyond the resolution of time-
resolved MR angiography (4D Trak, Siemens). A FDG PET/CT
scan was requested to help delineate the location of maxi-
mum angiogenic proliferation within the AVM; the nidus. The
theory behind this was that high metabolic uptake may act as
a surrogate marker for angiogenesis, thus assisting with nidus
localization. PET/CT showed avid tracer uptake in the head of
the left humerus ( Fig. 2 ). 

Four weeks following the PET/CT, the patient underwent
catheter angiography with a view to image and subsequently
treat the complex, large, left shoulder HFAVM. Intraprocedu-
ral angiographic findings were directly compared with the
PET/CT findings. Particular emphasis was placed on accurately
localizing the nidus prior to intervention, which was deemed
to be the area seen at the left humeral head since it had an
avid, intense FDG uptake ( Fig. 3 ). 

The patient then underwent staged treatment by
fluoroscopic-guided embolosclerotherapy using both transar-
terial and percutaneous approaches to access the nidus as
demonstrated on both PET/CT and catheter angiography
( Fig. 4 ). The procedure was a technical success with no im-
mediate complications. Following this procedure, the patient
reported an improvement in her left shoulder pain and
swelling as well as improved perfusion within her left hand. 

Discussion 

Endovascular therapy is the preferred method of treatment in
current practice for patients with a HFAVM, since surgical re-
section is associated with a high recurrence rate and a high
rate of morbidity [6] . Endovascular treatment is performed us-
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Fig. 3 – Catheter angiography demonstrating the HFAVM 

nidus located near the head of the left humerus, 
corresponding to the area of high radiotracer uptake on 

FDG PET/CT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ing a percutaneous transcatheter arterial or venous emboliza-
tion and/or through a direct puncture of the nidus with the
injection of sclerosant agents. The principal aim of the afore-
mentioned techniques to selectively obliterate the nidus [7] .
Incomplete nidus eradication can stimulate aggressive growth
post-procedure and therefore markedly increases the chances
of recurrence [8] . Accurate pre-procedural planning and iden-
Fig. 4 – Targeted embolosclerotherapy of the HFAVM by selective
and angiogram, located in close proximity to the head of the hum
online.) 
tification of the nidus is thus imperative to reduce these com-
plications. 

The nidus in HFAVMs rapidly shunts blood from the ar-
terial to venous circulation in the absence of capillary resis-
tance. This rapid arteriovenous transit creates a narrow en-
hancement time window [3] which can exceed the resolution
of time-resolved MR angiography. Therefore, in the context of
large volume HFAVMs, this flow-related time limitation causes
difficulties in accurate nidus identification. 

The pathogenesis of HFAVM is attributable to abnormal,
uncontrolled angiogenesis driven by the action of vascu-
lar growth factors [9] . Elevated levels of vascular endothelial
growth factor (VEGF) have been demonstrated in the nidus
and adjacent cells in cerebral arteriovenous malformations
[10] . PET imaging with F-18 labelled 2-fluro 2-deoxy-D glucose
(F-18DG) is a functional imaging modality that has evolved as
an important role in the diagnosis and management of ma-
lignancies [11] . The premise for this is the increased utiliza-
tion of glucose by malignant cells which are hypermetabolic
in nature with a high mitotic activity [12] . Angiogenesis also
plays a central role both in tumor growth and nidus forma-
tion. Although no prior studies have shown a correlation be-
tween non–invasive nidus localization and avid uptake on
FDG PET/CT imaging, several studies have shown a correlation
between angiogenic activity in tumors and FDG PET uptake
both in vitro and in vivo [13] . Furthermore, a recent feasibil-
ity study by Lobeek et al. demonstrated increased uptake in
AVMs with angiogenic activity compared with the surround-
ing tissues with absent angiogenic activity on 68 Ga-labeled
arginine-glycine-aspartate tripeptide sequence (RGD) PET/CT
imaging [5] . 
 embolization of the nidus demonstrated on FDG PET/CT 

erus (blue arrows) (color version of the figure is available 
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In our case report, we have demonstrated that in a large
complex HFAVM, FDG PET/CT can be used to non–invasively
identify and locate the nidus by utilizing inherent properties
of high metabolic activity secondary to increased angiogene-
sis. As demonstrated, this therefore has the potential to guide
targeted interventional therapy. 

Patient consent 

The authors of this manuscript have obtained written, in-
formed consent from the patient to write up the case report
and for the use of images pertinent to the case. We have en-
sured anonymity of all clinical and graphical data used. 
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