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Arteriovenous fistulae of the upper limbs are rare in the pediatric population. They can be
caused by trauma, needle puncture, or other iatrogenic injuries. A 5-year-old boy presented
with progressive swelling of the right hand, which was initially misinterpreted as an arte-
riovenous malformation based on his noninvasive diagnostic work-up. He was ultimately

diagnosed with right brachiocephalic arteriovenous fistula by catheter angiography, and the
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fistula was then successfully treated with coil embolization. This article describes the rele-
vant imaging findings and potential implications for treatment.
© 2024 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

Arteriovenous fistulae (AVFs) of the upper limbs are rarely en-
countered in children [1,2]. They can be caused by trauma,
needle puncture, or other iatrogenic injuries [3-5]. The most
common presenting symptom is a palpable lump with a pul-
satile thrill, especially in patients with longstanding diseases
[1,2]. Accurate diagnosis and localization of the fistulous point
are important, and differential diagnosis with other vascular
lesions, such as arteriovenous malformation (AVM) or heman-
gioma, is critical because the treatment methods and poten-

tial complications differ between these entities [6,7]. Conven-
tionally, AVFs of the upper limbs are treated with surgical liga-
tion, but endovascular embolization is also feasible in selected
cases and is being increasingly performed to treat peripheral
AVFs [2,4,8].

Case report

A 5-year-old boy had a history of preterm birth and a rela-
tively large size of the right forearm since birth. He presented
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Fig. 1 - Patient’s right hand before and after embolization. (A) The patient presented with marked swelling of his second and
third fingers on the right hand, with erythema, skin erosions, and crusts. He was later found to have a brachiocephalic AVF.
(B) Three weeks after AVF embolization, the wound was mostly healed, but mild swelling and erythema were still present.
(C) Ten months after embolization, the swelling had almost completely resolved, and only increased skin pigmentation
could be observed.

B

Fig. 2 - Contrast-enhanced CT of the right forearm and right hand in the venous phase. (A, B) Coronal images of the right
arm (A) and right hand (B) showed enlarged vessels on the radial side of the patient’s right forearm and right hand (arrows).
Several enlarged lymph nodes on the medial side of the patient’s right upper arm were observed (arrowheads in A). (C)
Axial view of the right hand showed extensive soft tissue edema (arrowheads).
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to our clinic with progressive swelling of his right hand af-
ter an insect bite 2 months previously. Upon inspection, his
right second and third fingers were markedly swollen with
erythema, skin erosions, and crusts (Fig. 1A). The patient was
admitted, and antibiotic treatment was initiated for suspected
infection, but his symptoms did not improve. Because of pro-
gressive swelling and poor wound healing, contrast-enhanced
computed tomography (CT) of his right hand was performed
to evaluate the extent of inflammation. CT revealed enlarged,
serpiginous vascular structures on the radial side of his right
forearm as well as soft tissue edema in the right hand (Fig. 2).
Subsequently, contrast-enhanced magnetic resonance (MR)
angiography was performed and revealed an enlarged and
mildly tortuous vessel draining into many indistinct collat-
eral veins; this vessel was presumed to be the radial artery
(Fig. 3). Initially, the lesion was erroneously described as an
AVM that was fed by the right radial artery, which drained
into many indistinct vascular niduses. The patient did not
have any symptoms or signs of high cardiac output heart fail-
ure. Therefore, interventional radiologists were consulted for
catheter angiography and to determine further treatment.

A B

C

The patient underwent diagnostic angiography under gen-
eral anesthesia. Digital subtraction angiography (DSA) af-
ter brachial artery injection revealed similar results, as did
contrast-enhanced MR angiography. However, DSA also re-
vealed several bulbous protrusions along the dilated vessel,
and the relationship of the enlarged vessel with the brachial
artery and the normal-appearing radial artery were better de-
lineated (Fig. 4A). After careful evaluation of the images, the
lesion was diagnosed as a brachiocephalic AVF; the fistula
drained retrogradely into an engorged cephalic vein (Figs. 3A
and B, and 4A), which was incorrectly identified as an enlarged
radial artery by CT and MR angiography, and the bulbous pro-
trusions along the vessel were in fact venous valves of the en-
gorged right cephalic vein.

After a discussion regarding the benefits and risks of
surgical ligation and endovascular embolization, the patient’s
parents opted for embolization. Embolization was performed
1 week later with the patient under general anesthesia. The
right common femoral artery was punctured, and access was
secured using a 4-Fr introducer sheath (Terumo, Tokyo, Japan).
We placed a 4-Fr JB1 catheter (Cordis, Miami, FL, USA) into

Fig. 3 - Contrast-enhanced MR angiography of the right hand. (A, B) Maximal intensity projections (MIPs) of
contrast-enhanced MR angiography of the right elbow (A) and right forearm (B) revealed an enlarged and mildly tortuous
vessel on the radial side of the right forearm in the early arterial phase. The brachiocephalic AVF (arrowhead) and the
venous valves in the cephalic vein (arrows) could be identified retrospectively. (C) In the venous phase on this MIP image,
multiple small, indistinct collateral veins were observed. (D) Coronal T2-weighted images with fat saturation showed
extensive soft tissue edema in the right hand, with prominent flow-void artifact (arrowheads) on the radial side.
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Fig. 4 - Catheter angiography and embolization. (A) Brachial angiogram revealed a fistula (black arrowhead) between the
right brachial artery (dotted white arrow) and the right cephalic vein (dotted black arrow). The normal right radial artery
could be clearly identified (white arrowhead). Several bulbous structures were present along the engorged cephalic vein
(black arrows); these structures were venous valves that should not be present in a normal artery. (B) Delayed brachial
angiogram showed retrograde contrast opacification of the venous arch of the right hand. (C) Stored fluoroscopic roadmap
image during embolization showed several 0.018-inch microcoils deployed at the proximal segment of the drainage
veinous limb of the AVF. (D) After embolization, control angiogram showed the complete occlusion of the AVF. The brachial
artery (dotted arrow), radial artery (arrowheads), and ulnar artery (curved arrow) and their distal branches were patent after

embolization.

the right brachial artery and then advanced a 1.98-Fr ASAHI
Masters PARKWAY SOFT microcatheter (Asahi Intecc, Aichi,
Japan) into the fistula. The AVF was embolized with several
0.018-inch microcoils placed at the proximal segment of the
drainage venous limb (Fig. 4C). Post-embolization angiogram
showed the complete occlusion of the fistula and patent distal
arteries of the patient’s right forearm (Fig. 4D). Subsequently,
his symptoms gradually improved, and the wound healed
after embolization at 3-weeks and 10-months follow-up
(Figs. 1B and C).

Discussion

Brachial AVFs in the pediatric population are rare and seldom
reported in the literature [1,2]. They can be caused by trauma,
needle puncture, or other iatrogenic injury [3-5]. Most patients
remain asymptomatic for several years until local swelling
and a palpable lump with a pulsatile thrill become clinically
noticeable. However, brachial AVFs can result in an abnormally
strong cardiofugal (i.e. retrograde) venous flow, causing ve-
nous congestion and tissue ischemia, as in the present case;
these AVFs with retrograde venous flow are contrary to the
surgical AVFs created for hemodialysis access, which are cre-
ated by vascular surgeons to increase cardiopetal (i.e. ante-

grade) blood flow for ease of needle puncture [9]. Furthermore,
untreated brachial AVFs have been reported to cause high car-
diac output heart failure, especially in very young patients
such as newborns [10].

The exact cause of the brachiocephalic AVF in our pa-
tient was unclear. Given the patient’s history of preterm
birth, we speculated that the AVF was caused by repeated
venipuncture during hospitalization for preterm birth, but it
was not clinically apparent for several years. Moreover, the
patient’s parents recalled a slight asymmetry of the boy’s
both forearms since he was very young. We theorized that
the aforementioned insect bite caused an infectious episode
and the release of inflammatory cytokine, leading to vasodi-
lation and increased vascular shunting [11]. The patient did
not have any clinical signs of heart failure, and no evidence
of syndromes associated with vascular malformation, such
as Klippel-Trenaunay syndrome or hereditary hemorrhagic
telangiectasia, was found in the diagnostic work-up.

The accurate diagnosis of and differentiation between an
AVF and AVM are crucial because the treatment methods of
these conditions differ and because inappropriate manage-
ment may lead to undesirable complications. According to the
classification system of the International Society for the Study
of Vascular Anomalies (ISSVA), both conditions are defined as
high-flow vascular lesions that shunt arterial blood directly to
one or more drainage veins without an intervening capillary
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bed [12]. AVMs are characterized by the presence of a vascu-
lar nidus, and most are believed to be congenital; by contrast,
AVFs are direct communication between an artery and a vein,
and they are often acquired [6,13]. According to another clas-
sification system for the trunk and extremity AVMs proposed
by Cho et al, an AVF with 1 to 3 arteries that shunt to a single
vein is defined as type 1 AVM based on the angiographic mor-
phology; this classification system has been used by interven-
tional radiologists to guide therapy and to compare treatment
outcomes [14].

Ultrasound is the first-line tool for the diagnosis of periph-
eral vascular lesions because of its abilities to access vascular
structures and to measure the velocity and direction of blood
flow without ionizing radiation exposure. CT and MR imaging
can provide high-resolution images with a large field of view of
blood vessels and their surrounding structures, and multipla-
nar reconstruction can aid in the diagnosis of and treatment
planning for vascular lesions.

The engorged drainage veins of AVFs and its venous valves
may be inaccurately identified as enlarged feeding arteries in
AVMs [8]. If an AVF is misdiagnosed as an AVM and is em-
bolized distally into the drainage veins, theoretically, venous
congestion may be aggravated, potentially leading to limb is-
chemia and tissue infarction. Therefore, the careful evaluation
of angiographic images and the identification of key angioar-
chitecture are of paramount importance. In the present case,
the fistulous point, the venous valves in the cephalic vein, and
the normal radial artery were identified only through catheter
angiography; they were difficult to identify even retrospec-
tively by CT and MR angiography.

Conventionally, peripheral AVFs are treated with surgical
ligation by vascular surgeons, but endovascular embolization
is feasible in selected cases and is being increasingly per-
formed for the treatment of peripheral AVFs [2,4,8]. For AVF
ligation, surgery at the antecubital fossa carries a risk of inad-
vertent injury to the surrounding structures, such as the me-
dian nerve or normal branches of the brachial artery, during
exploration, and the location of the fistula may be difficult to
identify, especially in pediatric patients [15]. Although asso-
ciated with ionizing radiation, which should be kept as low
as reasonably possible, endovascular embolization is a mini-
mally invasive approach involving only a small femoral punc-
ture, and it enables the accurate localization of the fistulous
point and is associated with minimal risk of injury to the sur-
rounding structures.

Conclusion

Brachial AVFs are rare in the pediatric population. They can
be caused by trauma, needle puncture, or other iatrogenic in-
juries. A palpable lump with a pulsatile thrill is the most com-
mon presenting symptom; however, these fistulae can also
cause venous congestion or high cardiac output heart failure
if left untreated. The engorged drainage vein in a chronic AVF
may be incorrectly identified as an enlarged feeding artery of
an AVM, and the presence of venous valves and the identifica-
tion of normal arteries are crucial for accurate diagnosis. AVFs
are conventionally treated with surgical ligation. However, an

endovascular approach for embolization is a novel and mini-
mally invasive strategy for the treatment of peripheral AVFs;
this approach enables the accurate localization of the fistu-
lous point and is associated with minimal risk of injury to
the surrounding structures. In conclusion, endovascular em-
bolization can be safely and effectively performed in selected
patients with peripheral AVFs.

Patient consent

Written informed consent was obtained from the patient’s
mother.
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