
Case report

Endovascular management in a patient with kidney 
vascular malformation: review of the literature and the 
experience of 2 cases

Manejo endovascular en pacientes con malformación vascular renal: 
revisión de la literatura y la experiencia de 2 casos

Eduardo LLahyah1, Gonzalo Ortiz1

ABSTRACT
Arteriovenous malformations (AVM) remain relatively rare clinical lesions consisting in 
abnormal shunts between the arterial and venous vascular systems. In its clinical pre-
sentation, hematuria and hypertension predominate, with cardiac or pulmonary de-
terioration observed in 5% of cases. Hematuria is a reason for frequent consultation 
in the Emergency Department. Sometimes it is seen as a minor condition, and physi-
cians might overlook some important diseases. The potential possibility of offering a 
curative treatment makes its diagnosis very important, allowing the natural course of 
the pathology to be modified. The heterogeneous vascular architecture of each AVM 
determines the endovascular treatment techniques employed.
Sudden and anemic macroscopic hematuria should be studied in detail since it can 
be life-threatening. Performing minimally invasive procedures allows patients to pre-
serve their kidney function with minimal complications and avoids more aggressive 
procedures such as heminephrectomy.
We report our experience with the endovascular treatment of 2 cases. The first is the 
case of a 43-year-old male athlete, and another case of a 28-year-old woman, both 
with no previous significant clinical history and with macroscopic hematuria 

Keywords: renal arteriovenous malformations, hematuria, arterial hypertension, embo-
lization.

RESUMEN
Las malformaciones arteriovenosas (MAV) renales son alteraciones poco comunes 
que consisten en comunicaciones anómalas entre el sistema arterial y venoso intra-
rrenal. En su presentación clínica, predominan la hematuria y la hipertensión, obser-
vándose deterioro cardíaco o pulmonar en un 5% de los casos. La hematuria es un 
motivo de consulta frecuente en los servicios de urgencias; sin embargo, en algunas 
oportunidades esta no recibe la atención que merece y se corre el riesgo de pasar por 
alto algunas patologías de importancia. La potencial posibilidad de ofrecer un trata-
miento curativo hace muy importante su diagnóstico, permitiendo modificar el curso 
natural de la patología. La arquitectura vascular heterogénea de cada MAV determina 
las técnicas de tratamiento endovascular a emplear. 
La hematuria macroscópica súbita y anemizante debe ser estudiada con deta-
lle puesto que puede comprometer la vida. La realización de procedimientos míni-
mamente invasivos permite a los pacientes preservar su función renal con mínimas 
complicaciones y les evita procedimientos más agresivos como la heminefrectomía.
Reportamos nuestra experiencia con el tratamiento endovascular de 2 casos .
El primero es el  caso de un paciente varón de 43 años, deportista, y el otro es de 
un mujer de 28 años, ambos sin antecedentes clínicos de importancia previos y  con 
hematuria macroscópica asociada a coágulos que requirieron embolización selecti-
va como tratamiento. 

Palabras claves: malformación arteriovenosa, hematuria, hipertensión arterial, embo-
lización.
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INTRODUCTION

Renal arteriovenous malformations (AVM) are abnormal 
communications between the intrarenal arterial and venous 
systems.1
AVMs are categorized as congenital, idiopathic, and acqui-
red. The first amount to 25% of the total.3,4,5,7 They occur 
more often during the third and fourth decades of life most-
ly in women and in the right kidney.1,4,6 Acquired AVMs 
are also called AVF (arteriovenous fistulae), they are the 
most common of all (75%) and are due to iatrogenic trauma 
like that caused by renal biopsies, extracorporeal lithotrip-
sies or surgeries. The estimated prevalence of renal AVMs is 
<0.04%.5,6

The clinical presentation is micro or macroscopic hematu-
ria in 75% of the cases is due to the rupture of the dysplas-
tic vessel inside the urine collection system. Hematuria is a 

common cause for consultation at the emergency room and 
urology offices.
Hematuria can be due to different causes. For study purpo-
ses it is useful to divide them into nephrological: primary 
(glomerulopathies, glomerulonephritis) and secondary 
causes (systemic erythematosus lupus, Schonlein-Henoch 
purpura, Goodpasture syndrome, vasculitis, Fabry disea-
se, thrombotic microangiopathy, endocarditis, sepsis, and 
amyloidosis) and non-nephrological (renal tumors, renal li-
thiasis, urinary tract infections, cystic processes, urological 
traumas, radiation, metabolic disorders, blood dyscrasias, 
vasculorenal processes, and ex vacum hematuria).9
Other forms of presentation of renal AVMs can be flank, co-
lic backpain due to the accumulation of clots in the urinary 
tract, nausea, vomits, arterial hypertension (AHT), conges-
tive heart failure, continuous murmur or, less specific, palpa-
ble flank mass.1,3,4,5,7,8

The coronary computed tomography angiography (CCTA) 
is a sensitive imaging modality for the detection of renal 
AVMs while selective renal arteriographycan reveal the vas-
cular architecture and hemodynamics in detail.2,10,12 There-
fore, treatment is etiology oriented.
Renal artery embolization (RAE) is the treatment of choice 
for the management of renal AVMswith different embolic 
materials and has given good results.
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We present the successful management of hematuria throu-
gh selective artery embolization in 2 patients with hematu-
ria and no significant past medical history.

REVIEW OF THE MEDICAL LITERATURE

Angiographic findings and embolization technique
Peripheral AVMs are classified according to the Cho et al. 
score11 depending on the angioarchitecture formed among 
nutrient arteries, the nidus, and draining veins. This archi-
tecture seen on the angiographyis at the baseof the thera-
peutic and prognostic decisions made. Cho described 4 di-
fferent architectures (figure 1) and proved thatAVMswi-
th multiple arterial branches flowing towards a single vein, 
types #1 and #2, have a better response to therapy.AVMswi-
th multiple entries and exits, types #3a and #3b, have a wor-
se response to therapy.
Yakes26 established a new classification (figure B) of the an-
gioarchitecture of these lesions. This new AVM classifica-
tion system is used to decide which endovascular approa-
ches and embolic agents that will be able to eliminate these 
AVMs. Yakes classification included lesions that, according 
to the to theInternational Society for the Study of Vascular 
Anomalies (ISSVA) classification of 2018, are classified as 
arteriovenous fistulae (AVF) and notas AVMs.

Embolization technique
A 5-Fr introducer sheath is often inserted into the right 
common femoral artery. The selective catheterization of the 
renal artery was performed using a 5-Fr catheter (Cobra, 
Cook) for the renal arteriography. The contrast injection 
rate to perform the renal angiogram was established at 5 mL 
to 7 mL/s with a total volume ofbetween 10 mL to 15 mL. 
High-flow renal AVMs are defined as thedraining vein opa-
cified before staining the renal parenchyma; on the contrary, 
they were defined as low-flow renal AVMs.
A 2.8-Fr microcatheter was inserted. Catheter insertion 
(Progreat catheter, Terumo, Japan) was performedinthe 
identifiable target vessels for the transarterial embolization.
Several embolic materials have been used for the emboliza-

tion of renal AVMs including particles (gelatin sponge par-
ticles), polyvinyl alcohol (PVA) particles, metallic coils (de-
tachable and pushable), vascular plugs, detachable balloons, 
and liquid materials (absolute ethanol, NBCA, and ethyle-
ne-vinyl alcohol copolymer) (Onyx). The right selection of 
the embolic material to use will be based on the type of renal 
AVM and the size and flow of the fistula.
A final renal angiography was performed after the procedu-
re to assess the target vessel occlusion and the infarcted renal 
area of the damaged kidney.
Technical success was defined as the complete occlusion of 
the nutrient arteries and the nidus of the renal AVM with a 
greatest preservation possible of normal renal arterial bran-
ches. Clinical success was defined as the resolution of hema-
turia or the disappearance of relevant symptoms for renal 
AVMs.

CASE REPORT

Clinical case #1
Forty-three-year-old male patient, athlete (cyclist) from Pa-
raná city (Entre Ríos) without a significant past medical his-
tory. Three months ago, macroscopic hematuria started su-
ddenly after performing water ski. No hospitalization or 

Figure 1. Diagram of the angiographic classification of AV malformations 
by Cho et al.11: Type I shows less than 4 separate arteries shunting into one 
single draining vein. Type II shows multiple arterioles shunting into one sin-
gle draining vein. Type IIIa shows multiple thin arteriovenous fistulae. Type 
IIIb shows multiple dilated AV fistulae that look like a complex vascular net. 
A: arterial compartment of the fistula. V: venous compartment of the fistu-
la. S: shunt..

Figure 2. Schematic drawing of Yakes classification. Source:Yakes et 
al.26: Type I. Direct arteriovenous fistula. It is a direct artery-vein con-
nection. Type IIa.Multiple arteries/arterioles connected to a typical “ni-
dus” interconnecting vascular tubular structures that then drain into 
out-flow veins. Type IIb. Same asType IIa, except for the nidus that dra-
ins into one single aneurysmal out-flow vein. Type IIIa. Multiple in-flow 
arterioles shunting into a aneurysmal vein that has a single vein out-
flow. The fistulae are in the vein wall. Type IIIb. Multiple in-flow arterio-
les shunting into an aneurysmal vein with multiple out-flow veins. The 
fistulae (nidus) are in the vein wall. Type IV. Multiple arteries/arterioles 
that branch in “en passage” fashion to form innumerable micro-fistu-
lae that diffusely infiltrate the affected tissue. Because the tissue is via-
ble and not devitalized, capillary beds must also be present admixed 
among the innumerable AVFs.
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transfusion was required at the time. Afterwards, the pa-
tient showed asthenia, lack of energy and repeated episodes 
of hematuria. The lab tests performed show these values: he-
matocrit, 31.2; hemoglobin, 11.9 with normal remaining pa-
rameters. The renal ultrasound, abdominal and pelvic CT 
scans, and abdominal NMRI (nuclear magnetic resonance 
imaging) performed show an image that is consistent with a 
renal AVM located in the upper portion of the left kidney. A 
selective renal arteriographyis performed that confirms the 
presence of a renal AVM with high-flow fistula (figure 1 and 
figure 2). The multidisciplinary team recommends selective 
renal arterial embolization.
Afterwards, the patient was referred by his company to our 
center. There he was treated with super-selective emboliza-
tion of the renal AVM with a mixture of n-butyl-cyanocryla-
te (NBCA, Histoacryl) and iodized oil (Lipiodol; Guerbet) 
(figure 3). For the total occlusion of the nidus, the segmen-
tal artery was sacrificed, which induced a small renal infarc-
tion (figure 4). The only procedural complication reported 
by the patient was mild discomfort in the region of interest 
that would away within 3 days.The patient was released from 
the hospital 2 days after the procedure and after the con-
trol CT scan performed confirmed the embolization of the 
AVM and the renal infarction region in the upper portion of 
the kidney. The lab test confirmed the presence of a normal 
renal function.
Abdominal and pelvic Uro-CT scans were performed at 
the 3-and-6-month follow-up (figure5, axial view without 
IV contrast and figure 6, coronal view with IV contrast) fo-
llowed by lab tests of the renal function. The patient’s gene-
ral state of health was good, and no hematuria relapses were 
reported.

Clinical case #2
Twenty-five-year-old woman who presents to the ER with 
clinical signs of hypogastric pain of 1-day duration and overt 
hematuria with sudden-onset clots. The patient has no sig-
nificant past medical history; the physical examination con-
ducted revealed a good general state of health, the patient re-
mained hemodynamically stable with pale mucosa, soft, de-
pressible and painless abdomen, and no masses or signs of 
peritoneal irritation. The results of the remainder of the 
physical examination were within normal limits.The patient 

was hospitalized, and the lab tests gave the following results: 
hemoglobin, 12.7; hematocrit, 37; leukocytes, 6800; plate-
lets, 301000; normal coagulation times; cytochemical tes-
ting with urine pH 7; density, 1015; erythrocyte sedimenta-
tion rate >20; proteins, 500; creatinine, 0.7; negative PCR; 
normal electrolyte levels, renal and urinary tract ultrasound 
with intravesical clots. The CT urogram performed revea-
led the presence of intravesical clots and upper calyceal clus-
ter images of heterogeneous densities that were consistent 
with a clot and late contrast clearance in the right kidney; 
the urology unit performed a diagnostic flexible uretero re-
noscopy that confirmed the presence of right lateralizing he-
maturia, multiple clots in the renal pelvis, and upper calyx; 
in the latter, erythematous, flat lesions of vascular appearan-
ce were seen. Also, another cribriform lesion was seen throu-
gh which pulsatile blood was flowing out. A JJ catheter was 
inserted.
The patient remained with macroscopic hematuria and 
hemoglobin levels dropped to 7.8 with clinical signs of 
dizziness and adynamia. Therefore, 3 red blood cell units 
were transfused. Upon suspected arteriovenous malfor-
mation, an arteriography was performed without any sig-
nificant findings. Then, a magnetic resonance angiogra-
phy was performed that ruled out vascular malforma-
tions or other lesions in the renal parenchyma. Given the 
persistence of the clinical signs, a new arteriography was 
performed again without any significant findings. The-
refore, it was decided to proceed with selective emboli-
zation with polyvinyl alcohol (PVA) particles (Contour 
500–710 microns, Boston Scientific) and resorbable par-
ticles (Gelfoam, Pfizer) in the lobar and interlobal arte-
ries of the upper pole of the right kidney. The hematu-
ria was solved, and hemoglobin levels went back to nor-
mal. The patient was discharged after 5 days. Laboratory 
tests were conducted to assess the renal function at the 
15-day follow-up. Renal function was looking good and 
the JJ catheter was removed.

DISCUSSION

RenalAVMs often present with hematuria, which poses a 
therapeutic challenge because of their deep location in the 
renal parenchyma.14

Figure 3. Figure 4.
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Physicians have several diagnostic tools available for the 
study of hematuria: urine cytological-chemical test, uri-
ne culture, urine cytology, plain abdominal x-ray, renal and 
urinary tract ultrasound, computerized tomography uro-
gram (Uro-CT scan), excretory urography, magnetic reso-
nance imaging, and cytoscopy. The latter and urine cytology 
are probably the most important ones in elderly adults. It is 
in these patients that neoplastic disease should be ruled out 
as the first cause of the bleeding. Also, they have high-sensi-
tivity and are cost-affordable.1 However, we should remem-
ber the importance of the clinical history to be able to detect 
risk factors of neoplastic disease like smoking, occupational 
exposure to chemical materials, age > 40, recurrent urinary 
tract infections, abuse of analgesics, and pelvic irradiation.5,6

Lateralizing essential hematuria, also known as chronic uni-
lateral hematuria or benign lateralizing hematuria, is defi-
ned by the cytoscopic finding of macroscopic hematuria in 
a single meatus even with all diagnostic imaging tools loo-
king normal as it was the cases of the patient of clinical case 
#2. Some patients can have a colic as a consequence of the 
passage of the clots, and even anemia, but for the most part 
the patient will remain asymptomatic; it is more common 
in young patients and its prevalence is the same regardless of 
sex and side it occurs on. A complete study should include 
renal function tests, peripheral blood tests, hemograms, coa-
gulation tests, urine cultures, urine cytologies, cultures for 
fungi and tuberculosis.7

There is still no consensus on whether to perform an arte-
riography in all patients with essential hematuria becau-
se spontaneous AV malformationsare a rare entity. Therefo-
re, the arteriography should be limited to patients previous-
ly treated with renal biopsy, surgery or with renal trauma or 
tumors;it is also acceptable to perform an echo-Doppler ul-
trasound, contrast CT scan or CCTA; if an AV malforma-
tion is highly suspected a selective arteriography with em-
bolization should be suggested;8,13 congenital or idiopathic 
AV malformations are rare since they are often due to per-
cutaneous renal procedures like renal biopsies or renal trau-
mas, situations where the most common malformation are 
pseudoaneurysms.10

AV fistulae are an abnormal communication between the ar-
terial and venous circulation without a capillary bed. They can 
be congenital, idiopathic or iatrogenic. In most cases, fistulae 

go misdiagnosed. However,they can cause anemizing macros-
copic hematuria, abdominal pain, hypertension and, in extre-
me cases, heart failure and even death. Fistulae and aneurys-
ms can present simultaneously, which is something that can 
happen when the periarterial hematoma of the aneurysm pe-
netrates the vessel wall and establishes communication be-
tween these 2 types de circulation.11 AV fistulae are often ac-
quired due to traumas or percutaneous procedures. However, 
they can be idiopathic, often solitary, and due to renal artery 
congenital aneurysms that develop at the sides ofa venous ves-
sel; their diagnosis is often an incidental finding in an imaging 
study or as part of the diagnostic algorithm of hematuria.15,16

Patients with hematuria due to vascular malformation 
should be managed according to their hemodynamic sta-
bility bearing in mind that this entity can lead patients to 
death; therefore, in unstable patients or patients with ac-
tive bleeding, the proper resuscitation techniques should 
be used followed by an urgent procedure. However, in sta-
ble patients these procedures can be delayed, and if neces-
sary other diagnostic tools can be used for clarification pur-
poses.17 Endovascular techniques and open-nephron sparing 
surgeries are elective in this second group of patients, that is, 
in stable or even asymptomatic patients; regarding unstable 
patients or patients with vascular anatomies non eligible for 
endovascular treatment, simple nephrectomy is the only the-
rapeutic option here.16 However, we should not forget that 
some AV malformations can resolve spontaneously without 
adding extra mortality to the patients. It is unknown as why 
this happens, but it has been suggested that the hematoma 
induced lesion compression, vasospasm, perilesional edema, 
and turbulent flow may contribute to solve this condition, 
something even more feasible in small single lesions.18

Although the digital subtraction angiography is the gold 
standard for the diagnosis of vascular disease,19 there are 
some thin nutrient arteries of renal AVMs that cannot be 
identified clearly in the early arteriography. However, they 
become more evident after the occlusion of nutrition arte-
ries. Therefore, an early renal arteriography should be per-
formed carefully to reveal the details of the vascular structu-
re. Also, the embolization protocol should be modified ba-
sed on the arteriography performed during the procedure.
Arterial embolization has been used as a minimally invasive 
technique since 1973. Before this time, the only therapeutic 

Figure 5. Injection of n-butyl-cyanocrylate (Histoacryl) through the microca-
theter into the segmental artery.

Figure 6. Post-embolization follow-up
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option was open surgery with its multiple morbidities and 
complications; currently, most patients are treated percuta-
neously with high rates of success and low morbidity rates. 
Complications are rare including post-embolization syndro-
me, renal artery dissection, and loss of renal function due 
to ischemia in the renal parenchyma, which is sometimes 
more extensive than expected.20,21 The latter is the most sig-
nificant complication of all because itimpacts the patients’ 
quality of life and requires the use of iodinated contrast and 
post-embolization devascularization; however, super-selecti-
ve embolization can reduced this as the loss of renal tissue is 
minimized to the fullest.22

During arterial embolization different materials can be used 
such as metallic coils, sclerosing agents, and particulate ma-
tter; choosing one material over the other depends on the 
anatomy, vascular hemodynamics, condition, and targets set 
by the operator.
In the patients of the afore mentioned 2 clinical cases, embo-
lization was performed with polyvinyl alcohol (PVA), resor-
bable particles (gelfoam), and a mixture of butyl-cyanocryla-
te (NBCA, Histoacryl) and iodized oil (Lipiodol; Guerbet) 
since the goal here was to fully obliterate the blood flow.
Embolization should be performed selectively, as in the pa-
tients mentioned, because that is how the renal parenchyma 
sacrificed by ischemia after the catheterization of a specific lo-
bar artery can be reduced. By doing this, the infarctions cau-
sed are segmental and limited; arteries can also be embolized 
supra-selectively by causing the specific occlusion of miniscu-
le arterial branches, preserving the normal surrounding vas-
culature, and causing infarctions in <10% of the parenchyma, 
which is associated with a scarce reduction of renal function.23

Chatziioannou et al.24 presented a series of 6 patients with 
renal vascular malformations who underwent a renal arte-
riography with selective embolization and a 23-month fo-
llow-up. The percentage of loss of renal parenchyma was es-
timated through an arteriography performed before and af-
ter the embolization and based on the creatinine levels mea-
sured before and after the procedure. All patients had good 
outcomes and required one session only; in all the patients 
urine cleared after 4 days. All of them had normal creati-
nine levels on day 5 when they were released from the hos-
pital, except for one patient with underlying renal dama-
ge. None of the patients had complications, the resulting 
ischemic area in all the patients was between 0% and 30%, 
with an average 12%,24 a percentage that can be reduced be-
tween 0% and 15% when supra-selective embolizations are 
performed.25

CONCLUSIONS

Patients with macroscopic hematuria should be studied 
in detail because, although it is evident that the first cau-
se that should be ruled out is neoplasms, there are other 
significant causes like vascular malformations that, if not 
diagnosed in a timely manner or treated inadequately, 
can lead to the patient’s death or loss of his kidneys. It is 
obvious that the best option for the management of the-
se patients should be the one that benefits them the most 
with the fewest adverse events possible. Therefore, selec-
tive arterial embolization is a very good option because 
it solves hematuria and preserves a significant percenta-
ge of renal tissue.
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