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Abstract
Background: Arterial embolization constitutes a safe and effective therapeutic possibility in the treatment of
numerous renal pathologies in election and in urgency. Over the years, numerous embolizing materials have been
proposed: fibrin (temporary occlusion), glues, coils, and microspheres. The use of St. Jude Amplatzer vascular plug
(AVP) constitutes a more recent and less widespread therapeutic choice, and its use in the renal district is not yet
widespread although potentially very valid.
Case presentation: We present 3 renal arterial embolizations performed with AVP performed between January
2019 and February 2020: two patients had a very bulky renal heteroplastic lesion and were candidates for
nephrectomy, and a third patient instead was affected by a high-flow FAV post-biopsy. In our experience, the use
of AVP for the treatment of renal arteriovenous fistula and neoplastic masses has given excellent results without
any complications during and after the treatment. In all cases, a single plug was used which perfectly adapted to
the target artery resulting in complete occlusion of the vessel in a short time.
Conclusion: Renal artery embolization performed with AVP has growing potential and numerous advantages in
terms of the time of the procedure, speed of embolization, and precision of occlusion, but with a relative increase
in costs.
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Background
Renal artery embolization is an interventional radiology
procedure that over the years has proven to be safe and
effective in the treatment of numerous pathologies both
in election and in urgency: active post-traumatic or
post-biopsy bleeding, kidney tumors, arteriovenous fistula (FAV), and vascular malformation [1]. Over the
years, numerous embolizing materials have been proposed: fibrin (temporary occlusion), glues, coils, and microspheres [1]. The plugs represent a vascular occlusion
system initially used at the cardiological pathologies

(foramen ovale or DIA occlusion) and extended in the
peripheral area with the necessary structural changes.
Since 2004, it has been approved for the clinical use of
AVP exclusively dedicated to peripheral vascular structures. Its use in the renal district is not yet widespread
although potentially very valid. We present 3 renal arterial embolizations performed with AVP performed between January 2019 and February 2020: two patients had
a very bulky renal heteroplastic lesion and were candidates for nephrectomy, and a third patient instead was
affected by a high-flow FAV post-biopsy.
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Case presentation
First patient

A 40-year-old man patient underwent ultrasound examination for macro-hematuria. The examination revealed
the presence of a massive right renal mass. The patient
was hospitalized in the general surgery department. On
clinical examination, the abdomen was moderately treatable. Blood pressure was 140/80 mmHg. The laboratory
values of Hb were 12.0 g/dL. Liver, kidney, and coagulation function values were normal. Tumor markers were
negative. Lung and heart functions were regular. He
therefore performed an abdominal angio-CT exam and a
subsequent micro-histological biopsy at our interventional radiology department which confirmed the presence of a solid neoplastic mass of 30 × 20 cm in the
right kidney. It was remarkably vascularized and determined a total subversion of the renal parenchymal architecture and a significant regional local mass effect on the
adjacent abdominal structures. There were no lymphadenopathies, ascites, and metastases. The upper urinary
tract and ipsilateral adrenal gland were completely incorporated into the carcinoma. The neoplasm was mainly
vascularized both by a large efferent branch of the renal
artery and by the lower adrenal artery, also of a significantly increased size. In agreement with the surgeon, it
was decided to perform a selective embolization of the
right renal artery and then proceed to a total nephrectomy within the following 72 h. After local anesthesia
and right common femoral access with a 5-Fr introducer, the right renal artery was selectively catheterized.
Diagnostic angiography was performed which confirmed
the vascular afferents highlighted in the angio-CT exam.
Therefore, a 6-Fr-long armed introducer with the distal
end in the renal artery was positioned and AVP II of 16
× 12mm was released. After 10 min, angiography was
performed which showed the absence of the flow downstream of the AVP. The procedure was completed with
mechanical hemostasis of the access site. The patient developed post-embolization ischemic syndrome managed
with symptomatic drugs. The total mass exeresis surgery
was performed in the 6 h following the procedure, during which no blood transfusions were performed. The
excised expansive formation had a total weight of 7 kg.
Cardio-respiratory complications were not observed.
Second patient

A 60-year-old woman patient was hospitalized in the
general surgery department for the treatment of a large
right renal neoplastic mass associated with intra-tumor
fistula. On clinical examination, the abdomen was treatable. The blood count showed moderate anemia: 8 g/dL.
Microhematuria was detected. Markers of liver function,
kidney function, and coagulation indices were normal.
Blood pressure was 125/70 mmHg. Lung and heart
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functions were regular. Angio-CT exam was performed.
The examination confirmed the presence of a heteroplastic solid hypodense mass of 35 × 20 mm, hypervascularized. Ascites, lymphadenopathy, and metastasis
were not evident. There was an absence of hydronephrosis. At angio-CT control, a single hypertrophic renal artery was detected, with intra-tumor fistula. The surgeon
indicated excision surgery and required pre-operative
embolization to reduce the bleeding risk. It was performed after local anesthesia with right common femoral
access and selective distal catheterization of the right
renal artery with a long-armed introducer. The subsequent angiography confirmed the presence of the neoplasm with contextual fistula and then proceeded to the
positioning and release of AVP II of 16 × 12 mm at the
distal bifurcation of the vessel. At 10-min angiography,
complete occlusion of the intra-parenchymal arteries
and disappearance of the arteriovenous fistula were confirmed. The patient was operated on in the following 24
h; during the surgery, no blood transfusion was performed. The patient did not develop cardio-respiratory
complications.

Third patient

A 57-year-old woman patient in follow-up for a nephrotic syndrome about 10 years in the nephrology department. The patient developed left arteriovenous
fistula after a kidney biopsy performed 5 years earlier.
Although the nephrotic syndrome was well compensated, the patient had been showing signs of heart failure for about 2 years, which had worsened in the past 6
months. Interventional radiology consultancy was performed with indication of embolization of the renal
fistula. Hemoglobin, liver function, and coagulation indices are in the norm. Preliminary abdominal angio-CT
examination confirmed the presence of a high-flow fistula at the meso-renal site. After anesthesia, selective
catheterization of the left renal artery with a 5-Fr catheter was performed through 5-Fr right common femoral access; the angiography confirmed high-flow fistula
at the meso-renal site. AVP IV 7 × 12 mm was released
via the 5-Fr catheter at the site. At the check after 10
min, the fistula did not show flow with hypoperfusion <
20% of the renal parenchyma. The patient developed a
post-embolization syndrome characterized by pain and
fever that was resolved with medical therapy. No complications were found. An Eco color Doppler exam was
performed immediately after the procedure, and after
30 days and 3 months, which confirmed the absence of
the FAV. At 6 months, angio-CT was performed which
showed no flow in the site of the treated arteriovenous
fistula. The signs of heart failure decreased significantly
after about 6 months after the surgery.
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Discussion
Paragraph 1

The AVP is a device designed and produced by St. Jude
since 2004 for the embolization of peripheral arterial
and venous vessels of various sizes. Over the years, several models have been designed that have progressively
implemented the therapeutic possibilities of this family
of devices. Currently, there are 4 models that share two
common components: a vascular plug and a delivery
wire. In addition, all devices have a self-expanding system, a platinum radiopaque marker, and a controlled
and fast release mechanism. The structural characteristics of the different types of AVP are as follows: AVP I
has a single lobe and single layer, AVP II has 3 lobes
and multilayer, AVP III is bilobed and multilayer, and
AVP IV is bilobed and single layer [2]. The indications
are different: AVP I is indicated for vessels that have a
reduced landing area, AVP II is very ductile due to the
variability of available calibers and is indicated when
rapid occlusion of the flow is required; contraindicated
when there is a poor “landing zone”, the AVP III is used
in medium-sized vessels, with a tortuous course and
which have a high flow. AVP IV, available from 2009,
with sizes from 4 to 8 mm represents the recent solution
of the AVP family. The device can be released through a
diagnostic 5-Fr catheter with compatible guide 0.038,
and the structural characteristics allow both the release
in irregular course vessels and a rapid occlusion of the
target [2, 3]. The literature is very vast regarding the use
of the different types of devices of the AVP family in
various treatments such as in FAV, aneurysms, portal
vein embolization, and post EVAR endoleak. Furthermore, cases of occlusions of splanchnic and bronchial
branches as well as in the treatment of superficial FAV
in hemodialysis are also described. Although there are a
small number of scientific works that describe the release of AVP in the embolization of the renal vessels,
their use is becoming increasingly widespread and routine [2, 4, 5]. The embolization of the renal arteries represents the gold standard for acute bleeding; it is a valid
support for the treatment of arteriovenous fistula and
for the therapeutic management of large hypervascularized renal heteroplastic masses but it is strongly recommended also in cases of vascular malformations [1–6].
In pre-operative planning, knowledge of normal anatomy
and renal artery variants found in 30% of the population
is fundamental. In addition to the knowledge of the
anatomy of the vessels, it is essential to have information
on the values of hemoglobin; hematocrit; renal, cardiac,
and hepatic function; and coagulation indices [4]. Renal
venous arterial malformations are even rarer and can
benefit from an endovascular treatment which, however,
as with MAV from other districts, is not always decisive,
frequently requiring more sessions. The embolizing

Fig. 1 AVF treatment. High-flow fistula angiography (arrow)

material to be used is chosen based on the size, course,
and flow of the vessel. The use, even combined, of
embolizing materials such as fibrin, PVA, EVOH, and
microcoils is mainly indicated for the embolization of
peripheral distal vessels of small caliber. They are widely
used in case of distal pseudoaneurysms or bleeding. The
coils and plugs are mainly indicated for the occlusion of
medium-proximal vessels. The plugs, although still not
widespread in the clinical setting, have a precise release
system as well as a low risk of migration; often, a single
plug is required for a complete occlusion.

Paragraph 2

Indications for embolization in the therapeutic management of neoplastic renal masses include palliative treatments for mass reduction and hemorrhagic risk in
patients candidates for total or partial nephrectomy or
radio-ablation treatments as well as for control of
hematuria and/or active intra- and peri-injury bleeding.
Non-traumatic kidney bleeding is a rare event, but it can
be very life-threatening. It is a very frequent event in
large benign or malignant neoplasms (61%); among
these, it is very frequent in angiomyolipoma (29%) and
renal cell carcinoma (26%) [7, 8]. The ischemia produced
by the pre-operative endovascular procedure also involves the formation of a clearer edematous cleavage
plan between the mass and the nearby tissues allowing
the surgeon a more rapid and precise removal; this condition is more pronounced especially within 72 h of the
procedure. The ischemic syndrome can be of various entities mainly characterized by leukocytosis, nausea,
vomiting, and fever [9, 10]. However, a risk-benefit assessment is essential before each procedure [9, 10].

Fig. 2 AVF treatment. Angio-CT 3D V. R. reconstruction (arrow)
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Fig. 3 AVF treatment. Subsequent treatment with the release of AVP
IV (circle) at the corresponding afferent arterial branch and flow stop
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Fig. 5 Neoplastic mass treatment. Subsequent treatment with the
release of AVP II (arrow) occluding the renal artery at the origin of
the adrenal artery and flow stop

Paragraph 3

Kidney biopsy is a minimally invasive method. However,
it can give major and minor complications. Minor complications are hematuria, small peri-renal hematomas,
arteriovenous fistulas, and pain that resolves spontaneously. The major complications related to massive
bleeding with hemodynamic instability, high-flow arteriovenous fistulas, macro-ematura, and voluminous
peri-renal hematomas. Bleeding is the most frequent
complication. It occurs in 12–24 h after the biopsy. The
literature remarks variable complication rates, from 5 to
16% of cases including 9–13% of hematuria. Blood transfusion is essential in 0.1–3% of cases [11, 12]. Several
studies have reported incidences of complications of
7.4–11% after kidney biopsy. Renal arteriovenous fistulas
represent a pathological condition characterized by an
abnormal connection between an arterial and venous
vessel. They are classified according to etiology into idiopathic, acquired, and congenital. Idiopathic and congenital forms represent 30% of all renal fistulas [13, 14].
Acquired fistula can be secondary to traumatic events,
carcinoma, arteritis, and biopsy [13, 14]. Most renal arteriovenous fistulas due to renal biopsy are asymptomatic and resolve spontaneously within 2 years, but some
may be symptomatic and require interventional treatment [15]. The treatment has been surgical for years
with a partial or total nephrectomy and ligation of the
arterial vessel [13, 14, 16]. Endovascular treatment allows to occlude the afferent vessel and has progressively
replaced surgery therapy.

Fig. 4 Neoplastic mass treatment. Angiography shows that the
neoplasm is mainly vascularized by both a large efferent branch of
the renal artery (arrow) and the lower adrenal artery (arrow)

Conclusion
In our experience, the use of AVP for the treatment of
renal arteriovenous fistula and neoplastic masses has
given excellent results without any complications during
and after the treatment (Figs. 1, 2, 3, 4, 5, 6 and 7). In all
cases, a single plug was used which perfectly adapted to
the target artery resulting in complete occlusion of the
vessel in a short time. Furthermore, the use of the single
device has reduced the procedural times with respect to
the positioning of coils; very often, more spirals are
needed for the complete occlusion of the vessel. Although the cost of the single AVP is higher than the single spiral, often, the use of more coils and above all of
the technologically more advanced ones (with 3D- or
4D-controlled release) involves an equal or higher cost.
The technical characteristics of the device allowed very
precise preliminary checks that ensured a selective occlusion of the target vascular segment with a very low
risk of migration. The release of the plug occurred
quickly and the complete occlusion obtained in 10 min.
The structural characteristics of the device determine a
complete embolization within 10–15 min from the release in the vessel since it progressively adapts to the target branch causing a progressive slowing down of the
blood flow until its complete stop. The release system is
quick and safe. In conclusion, the use of AVP for renal
artery embolization for the treatment of renal fistula and
neoplastic mass has shown an excellent result without
finding any complications during and after the interventional procedure. The use of a single device has always

Fig. 6 The structural characteristics of the AVP II that is composed of
3 lobes and a multilayer
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Fig. 7 The structural characteristics of the AVP IV that is composed 2
lobes and a single layer

been necessary. Migration was not observed. Full
embolization was observed within 10 min in all procedures. During the surgery of the two patients with large
tumor mass, no blood transfusions were necessary. ECD
exams and CT performed 6 months after fistula treatment did not show recanalization with regular opacification of the remaining vascular angioarchitecture. The
area of infarction appeared on CT slightly reduced in
volume with clearer margins for post-embolization adaptation. Currently, all patients are in good condition and
perform follow-up in their referral departments.
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