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Abstract: The Micro Vascular Plug® (MVP, Medtronic) is a mechanical embolic agent available in
small sizes that allows for distal embolisation. The objective of this retrospective observational
single-centre study was to assess MVP embolisation procedures performed at a university hospital.
The 33 patients who underwent MVP embolisation in 2021 were included (mean age, 64; 24 males
and 9 females). The primary endpoint was technical success, which was defined as a full first-attempt
occlusion with one or more MVPs, as documented on the end-of-procedure angiogram. In all patients,
51 MVPs were used overall, with other embolic agents in 23 of the 33 cases (usually coils and/or
glue); 22 of the 33 procedures were emergent for bleeding and 11 were planned for other indications.
Of the three technical failures, two were due to an angled target artery configuration precluding
microcatheterisation and one to failure of the device to release from its wire. The technical success rate
was thus 90.9%. No patient experienced MVP migration or other major complications. Five patients
had recurrent clinical symptoms; in four cases, the cause was collateral development, and in one case,
the cause was incomplete initial embolisation. No instances of recanalisation were documented during
the short follow-up of 12 months, for a 100% secondary clinical success rate. At our tertiary-level
centre, the MVP was both effective and safe for peripheral applications. Interventional radiologists
should be conversant with the techniques and indications of MVP embolisation.

Keywords: embolisation; microvascular plug; peripheral applications; outcomes

1. Introduction

Since the first report of embolisation in 1972, interventional radiology has steadily
gained importance as a therapeutic tool and field of technological innovation [1,2]. Emboli-
sation done to treat vascular lesions or stop bleeding seeks to occlude one or more blood
vessels [3]. The many available embolisation agents used are categorised as resorbable
(e.g., gelatine and beads) or permanent [4]. The latter include particles (non-resorbable
beads), liquids (glues and copolymers) and mechanical devices (coils and plugs) [5]. Each of
them has its specific features in terms of size, delivery, occlusive power and cost. The choice
of the best embolic agent according to the clinical scenario and the technical constraints
remains at the discretion of the interventional radiologist.

The Micro Vascular Plug® (MVP, Medtronic, Minneapolis, MN, USA) is a mechanical
embolic device whose specific design features are suited for use in small-to-medium-calibre
vessels [6,7]. The ovoid, self-expanding, nitinol skeleton is coated with polytetrafluoroethy-
lene and attached by a screw to a push wire. Four sizes are available. Once released, the
MVP can be repositioned in the target zone up to three times. MVPs can be used in many
indications [8–14]. Since the first report of MVP embolisation in 2014, only about 30 articles
on the use of this device for interventional radiology have been published, compared
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with hundreds for other embolic materials [11,15–19]. Additional recent data on MVP
embolisation are therefore needed.

The objective of this study was to describe the technical success, clinical effectiveness
and mid-term outcomes of MVP embolisation used alone or combined with other materials.
We considered both scheduled and emergent endovascular procedures. The novelty of this
work is the range of indications where the MVPs were used for peripheral applications.

2. Materials and Methods
2.1. Study Design and Patients

This single-centre retrospective observational cohort study was conducted at the
Dijon University Hospital (Dijon, France) in patients managed from 1 January to 31 Decem-
ber 2021. The study was approved by our institutional review board, which waived the
requirement for informed consent in compliance with French law on retrospective studies
of de-identified health data. Patients with decision-making competency at the time of the
procedure gave their informed consent to the procedure in writing. We searched the medi-
cal device traceability, medical device vigilance and interventional radiology department
databases to identify patients who underwent MVP embolisation during the study period.

2.2. Data Collection

All the study data were collected by a single investigator (R.M.). For each patient, the
following data were entered into standardised forms: age, sex, procedure, type of vascular
lesion, whether MVP was used alone or in combination with other techniques (and in the
latter case, the other techniques used), the MVP size and model, and whether the procedure
was scheduled or emergent. Complications directly related to MVP use were recorded.
Finally, follow-up data during the first year after the procedure were recorded.

2.3. Embolisation Technique

The indication for embolisation was based on the clinical evaluation, haemodynamic
status and computed tomography (CT) findings (e.g., active bleeding or false aneurysm).
CT was performed routinely before the procedure to measure the involved vessels and
help to design the interventional strategy. The patient was then taken to the interventional
radiology platform. All embolisation procedures were undertaken by radiologists with
more than 5 years of experience in transcatheter embolisation.

The right common femoral artery was the most common approach. Ultrasound
guidance was used to insert an introducer using the Seldinger technique. Digital subtraction
angiography with power injection of the target vessel was performed. The appropriate
MVP was chosen based on the target vessel size, as measured via CT and digital subtraction
angiography. Four MVP sizes were available (Figure 1). The unconstrained outer diameters
of MVP-3Q, MVP-5Q, MVP-7Q and MVP-9Q were 5.3, 6.5, 9.2 and 13 mm, respectively.
Among the four MVP sizes, the MVP-3Q and MVP-5Q were delivered using microcatheters
(0.021′′ and 0.027′′ internal diameter, respectively) and the MVP-7Q and MVP-9Q by
diagnostic catheters (0.041′′ and 0.043′′ internal diameter); these devices can expand to
3, 5, 7 and 9 mm, respectively. At the completion of the procedure, angiography was
performed to check for proper MVP positioning with complete occlusion of the downstream
vascular bed. A mechanical femoral closure device was then placed. The microcatheter
was positioned in the selected landing zone, which was chosen to be as straight as possible,
without bends or angles, to allow for accurate microcatheter navigation and optimal MVP
deployment against the target vessel wall. The catheter was flushed with saline to prevent
intraluminal clot formation before MVP insertion. The MVP was then advanced through
the catheter until its distal radiopaque marker reached the catheter tip. The push wire
was aligned with the axis of the MVP to ensure a straight release zone. The catheter was
pulled back to a fixed point on the push wire and the MVP was released via anti-clockwise
push-wire rotation to detach the screw under fluoroscopic guidance. Finally, the push wire
was removed. The catheter was used for an angiography to check the result.
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Figure 1. MVP® Micro Vascular Plug System.

2.4. Endpoint Definitions

Technical success was defined as complete occlusion of the target zone, as documented
via angiography after the first attempt, using at least one MVP with or without other
embolic agents.

Primary clinical success was defined as the resolution of the treated abnormality,
haemodynamic stability, and/or full control of exteriorised bleeding after the release of
at least one MVP with or without other embolic agents during the first embolisation
procedure.

Secondary clinical success was defined as recurrent bleeding after initial clinical
success, with the success of a second embolisation procedure with non-MVP embolic
agents.

2.5. Statistical Analysis

This study was purely descriptive. Quantitative variables were described as mean
± SD if normally distributed and as median [interquartile range] otherwise. Categorical
variables were described as number (%). Given the heterogeneity of indications for MVPs
use, no group comparisons were performed for this study.

3. Results
3.1. Study Patients

Figure 2 is the patient flow chart. The follow-up period was one year for all patients.
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Table 1 reports the main features of the 33 included patients, in whom 51 MVPs were
used alone or combined with other embolic agents depending on the target vessel size. Five
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patients with liver cancer in whom the outcomes were chiefly dependent on the response
to chemotherapy were excluded from the analysis of clinical success.

Table 1. Main features of the 33 included patients.

Variables N or Mean

Age, years, mean (range) 64 (32–85)

Males/females 24/9

Number of procedures 33

Number of MVPs used 51

Reason for embolisation, No. of patients
Bleeding 22
Other 11

Approach, No. of patients
Arterial 29
Venous 4

Degree of urgency
Emergent procedure 22
Scheduled procedure 11

3.2. Indications

The 33 embolisation procedures were done for 14 different indications, 22 for nine
emergent indications and 11 for five non-emergent indications (Table 2). All 22 emergent
procedures were required to stop bleeding. Among the 11 scheduled procedures, three were
done to redistribute the arterial blood flow during chemotherapy port catheter implantation
in patients with liver cancer; three to manage arterio-venous fistula dysfunction in patients
on chronic dialysis; one to treat a fortuitously discovered, post-stenosis aneurysm of the
common hepatic artery; two to treat arteriovenous fistulas (one subcutaneous haemangioma
and one retro-atrial mass); and two to allow for hepatic vascular mapping (Table 3).

Table 2. Indications, target vessels, MVP sizes and other embolic agents used.

Patient Age/Sex Indication Target Vessel for MVP MVP
Size

Number
of MVPs

Other Embolic
Agents

1 60/M Chemo. port catheter Pyloric/gastroduodenal 3 4 None

2 62/M CKD, AV fistula
dysfunction Branch of left cephalic vein 3 1 Coils

3 71/M Hepatic vascular mapping Left hepatic artery 3 1 Coils + glue

4 51/M False aneurysm Pancreaticoduodenal
arcade 3 2 None

5 82/M False aneurysm Left superior gluteal artery None

6 54/M False aneurysm Arterial branch feeding
pancreatic pseudocyst Coils + glue

7 62/F Bleeding duodenal bulb
ulcer Gastroduodenal artery 3 2 Coils + glue

8 63/M Haemoptysis Right intercostobronchial
artery 3 2 Glue

9 63/M Retro-atrial mass: AVM
Branch of external carotid
artery–left external jugular

vein
3 2 Coils + Onyx™

10 b 65/F False aneurysm Superior polar artery of
right kidney 3 1 None

11 a 71/M False aneurysm Pancreaticoduodenal
arcade 3 1 Coils + Onyx™

12 76/M False aneurysm Left superior gluteal artery 3 1 Coils
13 43/M Hepatic vascular mapping Left hepatic artery 3 1 Coils + glue
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Table 2. Cont.

Patient Age/Sex Indication Target Vessel for MVP MVP
Size

Number
of MVPs

Other Embolic
Agents

14 32/M Active bleeding from
surgical arterial injury Branch of right colic artery 3 1 None

15 b 79/M False aneurysm Superior polar artery of
right kidney 3 1 Glue

16 a 64/F Haemoptysis Main right bronchial artery 3/5 2 Glue
17 a 70/M False aneurysm Gastroduodenal artery 3/5 2 Coils + glue

18 76/F Haemoptysis Branch of right Fowler
lobe artery 5 1 None

19 b 79/M False aneurysm Gastroduodenal artery 5 1 None

20 64/F False aneurysm Superior branches of right
renal artery 5 6 Coils + glue

21 63/M Chemo. port catheter Gastroduodenal artery 5 1 Coils

22 73/M
Left gastric artery

aneurysm, incipient
rupture

Splenic artery 5 1 Covered stent

23 b 85/M False aneurysm Gastroduodenal artery 5 1 Coils
24 b 69/M False aneurysm Gastroduodenal artery 5 2 Coils + glue
25 70/M Chemo. port catheter Gastroduodenal artery 5 2 None
26 75/M False aneurysm Gastroduodenal artery 5 2 Coils + glue
27 74/M Haemoptysis Costo-bronchial trunk 5 1 Coils + glue

28 61/F False aneurysm Right superior gluteal
artery 5 1 Glue

29 75/F CKD, AV fistula
dysfunction Collateral of basilic vein 5 1 Coils

30 22/M Dissection with rupture
after traffic accident Right renal artery 5 1 Glue

31 50/F Common hepatic artery
aneurysm Left hepatic artery 5 1 Coils + covered

stent

32 43/M Subcutaneous
haemangioma (AV fistula)

Branch of external carotid
artery 5 1 None

33 84/F CKD, AV fistula
dysfunction

Collateral of the cephalic
vein 9 1 None

a Technical failure of MVP embolisation (n = 3), b recurrent bleeding requiring a second embolisation procedure
(n = 4), CKD: chronic kidney disease; AV: arterio-venous; AVM: arterio-venous malformation; M: male; F: female.

Table 3. Details on the nine indications for the 22 emergent procedures used to stop bleeding.

Indications Number of Patients
(Total = 22)

False aneurysm of the pancreaticoduodenal artery 2
False aneurysm of a branch of the gluteal artery 3
False aneurysm of an artery feeding a pancreatic pseudocyst 1
Gastroduodenal artery, duodenal bulb ulcer 6
Haemoptysis from branch of bronchial artery 4
False aneurysm of a renal artery branch 3
Active bleeding from a colic artery branch injured surgically 1
Fissured aneurysm of the left gastric artery 1
Rupture of renal artery dissection due to a traffic accident 1

The most often targeted artery was the gastroduodenal artery, with nine patients,
including six who required emergency embolisation for severe bleeding and three patients
who had chemotherapy port catheter implantation.
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3.3. Technique

The procedures were performed by seven radiologists, each with at least five years
of experience. The radiologist chose the size of the MVP during the procedure based on
the target vessel diameter that was measured using the angiography images. MVP-3Q and
MVP-5Q devices were released using 2.7 Fr microcatheters and the MVP-9Q device using a
5 Fr catheter. Overall, 51 MVPs were used for the 33 procedures. In 23 of the 33 procedures,
additional embolic agents were used to increase the occlusion speed and effectiveness in
patients that required emergent embolisation.

3.4. Technical Success Rate

MVP implantation was successful in 30 (90.9%) of the 33 patients. The three technical
failures of MVP implantation were in patients #11, #16 and #17 (Table 2); in two cases,
the procedure was technically successful after the implantation of embolic agents other
than the MVP. In patient #11 with a ruptured aneurysm of the duodenopancreatic arcade,
marked angulation of the target artery precluded catheterisation; Onyx™ and coils placed
upstream and downstream of the angulation to exclude the target zone ensured clinical
success. In patient #17 with a false aneurysm of the gastroduodenal artery, two MVPs
that were used one after the other failed to release from the push wire; coils and glue
ensured complete occlusion of the target zone. Finally, patient #16 with haemoptysis
from a tumour was the only patient with technical failure of the procedure: MVP and
glue embolisation were successful in occluding the right bronchial artery supplying the
tumour but the second right bronchial artery originating from a common right-left trunk
at the inferior aspect of the end of the aortic arch had a marked curve that precluded
catheterisation. As a result, the bleeding recurred, requiring a second procedure, during
which glue embolisation only partially occluded the common trunk and lefthand network
but ensured lasting haemostasis. Figures 3–7 illustrate the different technical and clinical
scenarios.

3.5. Clinical Success Rate

The clinical success rate was assessed based on the 28 patients left after the exclusion of
the five patients with liver cancer. Embolisation was successful with no recurrence during
follow-up in 24 patients. In patient #10 with bleeding after partial right nephrectomy for a
tumour and a false aneurysm of the superior polar artery, successful MVP embolisation
was followed by recurrent bleeding caused by the development of collaterals, which were
occluded using glue. In patients #19, #23 and #24, who had acute anaemia due to bleeding
from a false aneurysm of the gastroduodenal artery with failed endoscopic treatment,
initially successful embolisation combining MVPs, coils and glue was followed by recurrent
bleeding due to collateral development; further embolisation with other agents and medical
and surgical management ensured control of the bleeding.

3.6. Safety

No major complications related to the use of MVPs were recorded. In patient #20 with
several false aneurysms after partial nephrectomy to remove a tumour, the use of six MVPs
combined with coils and glue deprived 30% to 40% of the kidney parenchyma of its blood
supply. This complication was expected. In patient #31 with an aneurysm of the common
hepatic artery, a false aneurysm of the left humeral artery developed; pressure bandaging
for 24 h ensured thrombosis of the lesion.
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Figure 3. A 60-year-old man (#1) with diffuse metastatic disease from colonic cancer that was unre-
sponsive to chemotherapy and required intensification via chemotherapy port catheter implanta-
tion. (a,b) MVP-3Q implantation (arrow) to occlude the left gastric artery before insertion of the 
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Figure 3. A 60-year-old man (#1) with diffuse metastatic disease from colonic cancer that was unre-
sponsive to chemotherapy and required intensification via chemotherapy port catheter implantation.
(a,b) MVP-3Q implantation (arrow) to occlude the left gastric artery before insertion of the chemother-
apy catheter. (c,d) Catheter insertion in the gastroduodenal artery, occlusion of the gastroduodenal
artery and stabilisation of the chemotherapy catheter via implantation of 2 MVP-3Qs through a
smaller microcatheter inserted in the side-whole of the chemotherapy catheter (arrows). (e,f) Com-
puted tomography after arterial contrast medium administration showing excellent enhancement of
all metastatic lesions in both liver lobes.
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Figure 4. A 75-year-old male patient (#29) on dialysis for chronic kidney disease with dysfunction of
the arteriovenous fistula. (a) Post-anastomosis venous thrombosis (arrow): the patient was taken to the
operating room for thrombectomy. (b,c) Thromboaspiration and angioplasty (arrows). (d) MVP-5Q
implantation to occlude collateral venous circulation, thereby redistributing the blood flow (arrow).
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Figure 5. This 65-year-old female patient (#10) started experiencing severe lumbar pain six days after
partial nephrectomy for renal cancer with renal artery clamping. Her haemoglobin level dropped
by 3 g/dL and her haemodynamics were unstable. Active postoperative bleeding was suspected,
and she was taken to the computed tomography suite. (a,b) Active retroperitoneal bleeding (false
aneurysm) (arrow). (c–e) Angiography showing a false aneurysm of the superior polar artery of the
right kidney ((c), arrow), which was embolised using an MPV-3Q ((d), arrow); stenting of the renal
artery (clamp injury) ((e) arrow). (f) CT two days after embolisation: there was no active bleeding
and the MVP-3Q and stent were properly positioned (arrow).
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Figure 6. A 32-year-old female patient (#13) who passed blood per rectum 2 days after a right partial 
nephrectomy; computed tomography showed active bleeding from the right colon; due to haemo-
dynamic instability, she was transferred to the operating room for emergent angiography. (a) Angi-
ography showing contrast agent extravasation at the right colon (arrow). (b–d) Catheterisation of 
the target arterial branch was not feasible and a single MVP-3Q was therefore used for sandwich 
embolisation of the right arterial trunk at the appropriate level (arrows). 

Figure 6. A 32-year-old female patient (#13) who passed blood per rectum 2 days after a right
partial nephrectomy; computed tomography showed active bleeding from the right colon; due to
haemodynamic instability, she was transferred to the operating room for emergent angiography.
(a) Angiography showing contrast agent extravasation at the right colon (arrow). (b–d) Catheter-
isation of the target arterial branch was not feasible and a single MVP-3Q was therefore used for
sandwich embolisation of the right arterial trunk at the appropriate level (arrows).



Biomedicines 2023, 11, 2172 11 of 13Biomedicines 2023, 11, x FOR PEER REVIEW 11 of 13 
 

 
Figure 7. A 71-year-old male (patient #11) with abdominal pain and haemodynamic instability. (a) 
Rupture of a false aneurysm of the posterior pancreaticoduodenal arcade (arrow). (b) Failure of 
initial catheterisation for MVP-3Q implantation due to angulation of the target artery (arrow). (c) 
Coil embolisation of the downstream branch (arrow). (d) Onyx™ embolisation of the aneurysmal 
sac and upstream branch (arrow). 

4. Discussion 
In our cohort of 33 patients, including 32 who underwent distal embolisation with 

the two smaller MVP sizes, the technical success rate was 90.9%. In 20 (66.7%) of the tech-
nically successful procedures, one or more MVPs were used in combination with other 
agents. The two smallest sizes (MVP-3Q and MVP-5Q) were used in all the patients but 
one. These small devices were delivered using microcatheters, whose flexibility allowed 
for access to distal peripheral vessels. After the median follow-up period of one year, no 
patients had experienced recanalisation. Recurrent bleeding was noted in four of the pa-
tients with technically successful procedures and was consistently due to the development 
of collaterals, which were successfully treated via further embolisation. Of the three tech-
nical failures, two were due to sharp angulation of the target artery segment and one to 
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embolic agents were designed to increase the speed and effectiveness of vessel occlusion, 

Figure 7. A 71-year-old male (patient #11) with abdominal pain and haemodynamic instability.
(a) Rupture of a false aneurysm of the posterior pancreaticoduodenal arcade (arrow). (b) Failure of
initial catheterisation for MVP-3Q implantation due to angulation of the target artery (arrow). (c) Coil
embolisation of the downstream branch (arrow). (d) Onyx™ embolisation of the aneurysmal sac and
upstream branch (arrow).

4. Discussion

In our cohort of 33 patients, including 32 who underwent distal embolisation with the
two smaller MVP sizes, the technical success rate was 90.9%. In 20 (66.7%) of the technically
successful procedures, one or more MVPs were used in combination with other agents. The
two smallest sizes (MVP-3Q and MVP-5Q) were used in all the patients but one. These
small devices were delivered using microcatheters, whose flexibility allowed for access
to distal peripheral vessels. After the median follow-up period of one year, no patients
had experienced recanalisation. Recurrent bleeding was noted in four of the patients
with technically successful procedures and was consistently due to the development of
collaterals, which were successfully treated via further embolisation. Of the three technical
failures, two were due to sharp angulation of the target artery segment and one to failure
of the device to release from its push-wire.

No major complications of MVP implantation were recorded in our study. Of our
30 technically successful MVP procedures, only ten were performed without additional em-
bolic agents, which is a fact that may explain the absence of recanalisation. The additional
embolic agents were designed to increase the speed and effectiveness of vessel occlusion,
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notably in patients that underwent emergent procedures for bleeding. No patient experi-
enced MVP migration. Migration is best prevented by ensuring that the device is longer
than the target segment [20–22]. Adding coils may decrease the risk of recanalisation [23].

MVPs are best suited for straight arterial segments. Curves, angles or tortuosities may
preclude the insertion of the microcatheter required to deliver the MVP. Microcatheterisa-
tion failure due to angulation of the target artery occurred in two of our patients.

Of the five patients who experienced recurrent bleeding requiring a second embolisa-
tion procedure, one had had a partial technical failure due to one of the target arteries being
too markedly curved to allow for catheterisation. In the other four patients, the recurrent
bleeding was due to the development of collaterals.

Advantages of the MVP include the ability to reposition the device up to three times
and the very limited CT artefacts. The risk of migration is low compared with particles
and glues. The Amplatzer Vascular Plug requires a catheter size of 4 Fr, allowing only
proximal embolisation. The two smallest MVP sizes, in contrast, can be delivered through
microcatheters advanced into distal vessels. A single MVP was sufficient in 20 of the
30 technically successful procedures in our study, resulting in shorter procedures compared
with the use of coils. In our patients, the main reasons for choosing the MVP were the need
to achieve prompt haemostasis in patients with haemodynamic instability and bleeding
from distal arteries that were too small to allow for the implantation of larger mechanical
devices. Compared with coils, which can also be implanted in small arteries, the MVP
provides faster haemostasis.

The main limitation of our study was the retrospective observational cohort design.
The patients were managed at a tertiary care centre by highly experienced radiologists, and
the high technical success rate may not be generalisable to other centres. The follow-up
time was short and the sample size was small. Other embolic agents were used in addition
to MVPs in two-thirds of cases, hampering an assessment of the effectiveness of the MVP
itself.

5. Conclusions

Distal MVP embolisation, usually in combination with other embolic agents, was
effective in our study. There were no instances of MVP migration or other major com-
plications. The best indications for using MVP to occlude arteries may be distal arterial
bleeding with haemodynamic instability requiring faster haemostasis than expected with
coils alone. The MVP can be used in combination with other materials to expedite haemosta-
sis. Interventional radiologists should be conversant with the indications and use of the
MVP.

The novelty of this study lies in the potential range of indications where the MVPs can
be used for peripheral applications. It highlights the fact that a certain time is needed to
obtain complete occlusion after system delivery in order to avoid the use of other embolic
materials. However, MVPs may also be used in combination with several embolic agents
with good results. The versatility of MVPs makes having them in the therapeutic arsenal of
utmost importance for different potential clinical scenarios.

Author Contributions: Conceptualisation, R.M. and R.L.; methodology, R.M., O.C., A.M.
(Alexandre Malakhia) and R.L.; software, A.M. (Amin Mazit) and N.F.; validation, O.C. and R.L.;
formal analysis, A.M. (Amin Mazit) and N.F.; investigation, R.M. and R.L.; resources, O.C.; data
curation, N.F.; writing—original draft preparation, R.M., O.C. and R.L.; writing—review and editing,
R.M., O.C., A.M. (Alexandre Malakhia) and R.L.; visualisation, R.L.; supervision, R.L.; project admin-
istration, N.F.; funding acquisition, R.L. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study, as
it consisted of a retrospective assessment of anonymised data.



Biomedicines 2023, 11, 2172 13 of 13

Informed Consent Statement: The need for informed patient consent was waived by the ethics
committee, as the study consisted of a retrospective assessment of anonymised data.

Data Availability Statement: All the study data are reported in this article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rösch, J.; Dotter, C.T.; Brown, M.J. Selective arterial embolization. A new method for control of acute gastrointestinal bleeding.

Radiology 1972, 102, 303–306. [CrossRef] [PubMed]
2. Rousseau, H.; Vernhet-Kovacsik, H.; Mouroz, P.R.; Otal, P.; Meyrignac, O.; Mokrane, F.Z. Future of interventional radiology.

Presse Med. 2019, 48, 648–654. [CrossRef] [PubMed]
3. Ierardi, A.M.; Piacentino, F.; Pesapane, F.; Carnevale, A.; Curti, M.; Fontana, F.; Venturini, M.; Pinto, A.; Gentili, F.; Guerrini, S.;

et al. Basic embolization techniques: Tips and tricks. Acta Biomed. 2020, 91, 71–80.
4. Young, S.; Rostambeigi, N.; Golzarian, J. The common but complicated tool: Review of embolic materials for the interventional

radiologist. Semin. Interv. Radiol. 2021, 38, 535–541. [CrossRef]
5. Hu, J.; Albadawi, H.; Chong, B.W.; Deipolyi, A.R.; Sheth, R.A.; Khademhosseini, A.; Oklu, R. Advances in biomaterials and

technologies for vascular embolization. Adv. Mater. 2019, 31, e1901071. [CrossRef] [PubMed]
6. Pellerin, O.; Maleux, G.; Déan, C.; Pernot, S.; Golzarian, J.; Sapoval, M. Microvascular plug: A new embolic material for hepatic

arterial skeletonization. Cardiovasc. Interv. Radiol. 2014, 37, 1597–1601. [CrossRef] [PubMed]
7. Giurazza, F.; Ierardi, A.M.; Contegiacomo, A.; Corvino, F.; Carrafiello, G.; Niola, R. Embolization with MVP (Micro Vascular

Plug®): Experience on 104 patients in emergent and elective scenarios. CVIR Endovasc. 2021, 4, 59. [CrossRef] [PubMed]
8. Giurazza, F.; Corvino, F.; Cavaglià, E.; Cangiano, G.; Amodio, F.; De Magistris, G.; Frauenfelder, G.; Guarnieri, G.; Muto, M.;

Niola, R. Arterial embolizations with microvascular plug in extracranial and intracranial districts: Technical results. Radiol. Med.
2018, 123, 236–243. [CrossRef] [PubMed]

9. Beaty, N.B.; Jindal, G.; Gandhi, D. Micro Vascular Plug (MVP)-assisted vessel occlusion in neurovascular pathologies: Technical
results and initial clinical experience. J. Neurointerv. Surg. 2015, 7, 758–761. [CrossRef] [PubMed]

10. Mahdjoub, E.; Tavolaro, S.; Parrot, A.; Cornelis, F.; Khalil, A.; Carette, M.F. Pulmonary arteriovenous malformations: Safety and
efficacy of microvascular plugs. AJR Am. J. Roentgenol. 2018, 211, 1135–1143. [CrossRef]

11. Gladkikh, M.; Parra, D.A. Successful embolization of a congenital intra-hepatic arterioportal fistula in a neonate with the MVP
Microvascular Plug system (MVP-3Q). Radiol. Case Rep. 2022, 17, 991–996. [CrossRef] [PubMed]

12. Loffroy, R.; Guiu, B.; Krausé, D. Transcatheter arterial embolization for bleeding peptic ulcers: Is the use of coils alone the best
choice? Dig. Surg. 2009, 26, 264. [CrossRef] [PubMed]

13. Zangan, S.M.; Falk, A. Optimizing arteriovenous fistula maturation. Semin. Interv. Radiol. 2009, 26, 144–150. [CrossRef] [PubMed]
14. Ahmed, O.; Patel, M.; Ginsburg, M.; Jilani, D.; Funaki, B. Effectiveness of collateral vein embolization for salvage of immature

native arteriovenous fistulas. J. Vasc. Interv. Radiol. 2014, 25, 1890–1894. [CrossRef]
15. Kleine, J.F.; Prothmann, S.; Boeckh-Behrens, T. Occlusion of small arteries in the neuroendovascular and head and neck territory-

initial experiences with a microvascular plug. J. Vasc. Interv. Radiol. 2015, 26, 426–431. [CrossRef] [PubMed]
16. Alawneh, K.; Al-Barbarawi, M.; Qawasmeh, M.A.; Raffee, L.A.; Al-Mistarehi, A.H. Successful use of neurovascular plug for

embolization of scalp arteriovenous fistula: A novel technique. J. Endovasc. Ther. 2021, 29, 827–834. [CrossRef]
17. Hao, F.; Powell, D.; Weintraub, J.; Sheynzon, V. Pediatric gastroduodenal embolization with a microvascular plug. Cardiovasc.

Interv. Radiol. 2016, 39, 788–790. [CrossRef]
18. Irie, T. Intraarterial chemotherapy of liver metastases: Implantation of a microcatheter-port system with use of modified fixed

catheter tip technique. J. Vasc. Interv. Radiol. 2001, 12, 1215–1218. [CrossRef]
19. Arai, Y.; Takeuchi, Y.; Inaba, Y.; Yamaura, H.; Sato, Y.; Aramaki, T.; Matsueda, K.; Seki, H. Percutaneous catheter placement for

hepatic arterial infusion chemotherapy. Tech. Vasc. Interv. Radiol. 2007, 10, 30–37. [CrossRef]
20. Muller, A.; Rouvière, O. Renal artery embolization-indications, technical approaches and outcomes. Nat. Rev. Nephrol. 2015, 11,

288–301. [CrossRef]
21. Ramaswamy, R.S.; Darcy, M.D. Arterial embolization for the treatment of renal masses and traumatic renal injuries. Tech. Vasc.

Interv. Radiol. 2016, 19, 203–210. [CrossRef] [PubMed]
22. Jardinet, T.; Bonne, L.; Oyen, R.; Maleux, G. Initial experience with the microvascular plug in selective renal artery embolization.

Vasc. Endovasc. Surg. 2020, 54, 240–246. [CrossRef] [PubMed]
23. Trerotola, S.O.; Pyeritz, R.E. Does use of coils in addition to Amplatzer vascular plugs prevent recanalization? AJR Am. J.

Roentgenol. 2010, 195, 766–771. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1148/102.2.303
https://www.ncbi.nlm.nih.gov/pubmed/4536688
https://doi.org/10.1016/j.lpm.2019.03.015
https://www.ncbi.nlm.nih.gov/pubmed/31151847
https://doi.org/10.1055/s-0041-1736658
https://doi.org/10.1002/adma.201901071
https://www.ncbi.nlm.nih.gov/pubmed/31168915
https://doi.org/10.1007/s00270-014-0889-y
https://www.ncbi.nlm.nih.gov/pubmed/24722897
https://doi.org/10.1186/s42155-021-00246-2
https://www.ncbi.nlm.nih.gov/pubmed/34250548
https://doi.org/10.1007/s11547-017-0831-x
https://www.ncbi.nlm.nih.gov/pubmed/29116602
https://doi.org/10.1136/neurintsurg-2014-011306
https://www.ncbi.nlm.nih.gov/pubmed/25167860
https://doi.org/10.2214/AJR.17.19200
https://doi.org/10.1016/j.radcr.2021.12.065
https://www.ncbi.nlm.nih.gov/pubmed/35106111
https://doi.org/10.1159/000227298
https://www.ncbi.nlm.nih.gov/pubmed/19590204
https://doi.org/10.1055/s-0029-1222459
https://www.ncbi.nlm.nih.gov/pubmed/21326506
https://doi.org/10.1016/j.jvir.2014.08.015
https://doi.org/10.1016/j.jvir.2014.12.014
https://www.ncbi.nlm.nih.gov/pubmed/25735524
https://doi.org/10.1177/15266028211067723
https://doi.org/10.1007/s00270-015-1263-4
https://doi.org/10.1016/S1051-0443(07)61682-0
https://doi.org/10.1053/j.tvir.2007.08.007
https://doi.org/10.1038/nrneph.2014.231
https://doi.org/10.1053/j.tvir.2016.06.005
https://www.ncbi.nlm.nih.gov/pubmed/27641454
https://doi.org/10.1177/1538574419897500
https://www.ncbi.nlm.nih.gov/pubmed/31928203
https://doi.org/10.2214/AJR.09.3953
https://www.ncbi.nlm.nih.gov/pubmed/20729458

	Introduction 
	Materials and Methods 
	Study Design and Patients 
	Data Collection 
	Embolisation Technique 
	Endpoint Definitions 
	Statistical Analysis 

	Results 
	Study Patients 
	Indications 
	Technique 
	Technical Success Rate 
	Clinical Success Rate 
	Safety 

	Discussion 
	Conclusions 
	References

