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a b s t r a c t 

A 45-year-old female presented with gross hematuria. Right renal arteriovenous malfor- 

mation on abdominal contrast-enhanced computed tomography necessitated urgent tran- 

scatheter arterial embolization. Right renal digital subtraction angiography revealed a single 

tortuous and dilated vessel converging to an aneurysmal dilated vein. To selectively em- 

bolize the malformation, we closed the arterial side with a microballoon and attempted 

glue embolization; filling occurred unexpectedly early, and another balloon on the vein side 

helped control the renal vein blood flow. Glue embolization was performed without ad- 

verse events. Glue embolization for high-flow arteriovenous malformation under balloon 

occlusion-mediated inflow and outflow control can effectively and safely embolize com- 

plete target vessels. 

© 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/ ) 

 

 

 

 

 

 

 

 

 

Background 

Renal arteriovenous malformations (RAVMs) are rare vascu-
lar malformations that cause hematuria [1] . Their treatment
has evolved from open nephrectomy to transcatheter arterial
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Fig. 1 – Axial and coronal contrast-enhanced computed tomography images obtained during the early arterial phase show a 
single tortuous and dilated vessel in the right renal sinus (red arrow) and early filling of the right renal vein (blue arrow). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – (A) Right renal digital subtraction angiography 

image shows a single tortuous and dilated vessel 
converging to an aneurysmal dilated vein. (B) 
Superselective digital subtraction angiography image 
shows the shunt fed by a single tortuous feeding artery (red 

arrow) and draining into an aneurysmal dilated vein (blue 
arrow). 
bolism. Therefore, TAE is performed under inflow and outflow
control. 

Our objective was to demonstrate that glue embolization
under inflow and outflow control by balloon occlusion is an
effective technique for safely embolizing the entire target ves-
sel. 

Case report 

A 45-year-old female presented to the emergency department
with gross hematuria and loss of consciousness. The patient
had experienced repeated hematuria several days before pre-
sentation and had a medical history of hypertension. 

The patient was in shock upon arrival at the hospital, with
a blood pressure of 84/62 mmHg and a heart rate of 104 bpm.
Blood work revealed a red blood cell count of 250 × 103 μL,
hemoglobin level of 8.9 g/dL, and platelet count of 12.9 × 104

μL; these indicated anemia and thrombocytopenia. 
Contrast-enhanced computed tomography (CE-CT) of the

abdomen revealed a right RAVM ( Fig. 1 ); therefore, urgent TAE
was planned to embolize the shunt. 

Right renal digital subtraction angiography (DSA) revealed
a single tortuous and dilated vessel converging to an aneurys-
mal dilated vein ( Fig. 2 a). Superselective DSA revealed a shunt
fed by a single, enlarged, tortuous feeding artery draining into
the aneurysmal draining vein ( Fig. 2 b). Owing to the strong tor-
tuosity of the feeding artery, advancing the microcatheter to
the shunt point was challenging. 

To embolize the RAVM selectively, we first closed the arte-
rial side of the RAVM using a microballoon (diameter 5 mm,
LOGOS; PIOLAX, Inc, Yokohama, Japan) and attempted glue
embolization thereafter ( Fig. 3 a). Our intention was to slow the
flow from the artery to the right renal vein; however, filling oc-
curred earlier than expected. 

Therefore, we deployed an additional balloon (diameter 9
mm, Selecon MP catheter; Terumo Clinical Supply, Gifu, Japan)
to the vein side to control the renal vein blood flow. After bal-
loon occlusion, the renal vein could be visualized gradually
( Fig. 3 b). Finally, glue embolization with a mixture of NBCA
and lipiodol (33%) was performed under inflow and outflow
control via balloon occlusion. 

Right renal DSA after embolization revealed that the shunt
had disappeared completely. No perfusion defects in the renal
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Fig. 3 – (A) Initially, the arterial side of the renal 
arteriovenous malformation is closed with a microballoon 

(red arrow), and glue embolization is attempted. However, 
filling of the right renal vein occurred earlier than expected 

(blue arrow). (B) Subsequently, the vein side is occluded 

with a balloon (blue arrow) to control the renal vein blood 

flow, such that the renal vein is slowly visualized. (C) Right 
renal digital subtraction angiography is performed after 
embolization revealed complete occlusion of the shunt. No 

perfusion defects are noted in the renal parenchyma, and 

all renal arterial branches are preserved. 

 

 

 

 

 

 

Fig. 4 – Maximum Intensity Projection Image after 
Embolization. The entire target renal AVM was filled with 

N-butylcyanoacrylate mixed with lipiodol. This is indicated 

by the red. All renal arterial branches and veins were 
preserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

parenchyma were noted, and all renal arterial branches were
preserved ( Fig. 3 c). 

The day after urgent TAE was performed, hematuria dis-
appeared completely; 5 days later, the patient was discharged
from the hospital because laboratory data did not indicate el-
evated inflammatory reactions or renal failure. Follow-up CE-
CT performed 14 days after urgent TAE revealed a complete
occlusion of the shunt ( Fig. 4 ). Technical and clinical success
were achieved without serious adverse events. 

Discussion 

RAVMs are relatively rare, with an estimated incidence rate
of less than 0.04% [1] . While surgical procedures have tradi-
tionally been the gold standard for RAVM treatment, endovas-
cular embolization has replaced open surgery due to its effi-
cacy and relative noninvasiveness [2 ,3] . Successful emboliza-
tion should involve complete and permanent occlusion of the
shunt while preserving the normal renal arterial branches.
Various embolization agents, including gelatin sponges, coils,
and polyvinyl alcohol, have been used for treating RAVMs. En-
dovascular embolization for RAVMs has yielded positive out-
comes, particularly with the use of liquid embolization agents
[3 ,4] . 

Liquid embolization agents prove especially effective when
the catheter cannot be advanced to the shunt point. The poly-
merization time of NBCA mixed with Lipiodol can be adjusted;
in the present case, we decided to perform endovascular em-
bolization using a mixture of NBCA and Lipiodol (33 %) at a
ratio of 1:2. 

However, several serious complications are associated with
the use of liquid embolization agents. In the present case, po-
tential risks included renal infarction secondary to regurgita-
tion into the normal parenchyma as well as pulmonary em-
bolism secondary to the embolic material entering the lungs.
We avoided these complications by controlling the inflow and
outflow pathways via balloon occlusion. 
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To summarize, for high-flow arteriovenous malformations,
glue embolization under balloon occlusion-mediated inflow
and outflow control is an effective technique that can safely
embolize the entire target vessel. 
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