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Abstract

The study describes our experience with Amplatzer Vascular Plugs (AVP2 and 4) and highlights a more refindes telescopic
technique for AVP2 delivery. AVPs are well-established occlusion devices for vascular anomalies in congenital heart dis-
ease (CHD). The AVP2 is sometimes preferred to the AVP4 due to its shorter length, flat-profiled retention disks, and the
availability of larger diameters, but its profile requires a larger inner lumen for safe delivery. The latter may actually ham-
per access to target lesions. This is a retrospective analysis of all CHD patients treated with the AVP2 and AVP4 between
12/2012 and 12/2015. Target vessels were characterized, measured, and the device-to-vessel diameter ratio calculated. A
modified pigtail technique for AVP2 delivery was frequently used: a floppy wire was simply reinforced by the curved tip
of a pigtail catheter (instead of the long sheath’s dilator) to guide the required delivery sheath towards the desired landing
zone. 59 patients with a median age and bodyweight of 3.0 years (range 0.1-75) and 13.8 kg (range 2.5-80) underwent the
implantation of 106 plug-devices (30 AVP2, 76 AVP4) in 91 target vessels. Indications for their use were ductus arteriosus
(19%), aortopulmonary (43%) as well as venovenous collaterals (34%) and other miscellaneous lesions (4%). The pigtail-
supported AVP2 delivery in six patients proved very convenient. No complications occurred. AVPs are excellent devices for
embolizing shunt vessels in CHD patients. Here, we describe a simplified telescoping technique for AVP2 delivery to enter
curvy target lesions gently and efficiently.
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Introduction

Congenital heart disease (CHD) is associated with a wide
variety of anomalous congenital or acquired superfluous vas-
cular connections, resulting in shunting phenomena, often
affecting patients with single ventricle physiology or mul-
tifocal pulmonary perfusion. When indicated, transcatheter
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closure of these vessels has become the leading approach
[1]. Judicious use of these techniques requires understand-
ing of the lesions’ anatomy and pathophysiology beyond
the numerous technical aspects. Since the first interven-
tional closure of patent ductus arteriosus (PDA) by Porst-
mann [2] in 1967, occluding devices have been substantially
improved. Nowadays, the interventionalists’ armentarium is
large, enabling the closure of major aortopulmonary col-
laterals (MAPCA), arteriovenous malformations (AVM),
anomalous venovenous connections (VVC), artificial (sur-
gical) shunts and other miscellaneous lesions. In this con-
text, many clinicians prefer Amplatzer Vascular Plugs (AVP;
AGA Medical, Golden Valley, MN)—especially the AVP2
and AVP4—used, however, still off-label for most CHD
indications [3, 4]. Accessing the target lesion and deliver-
ing the optimal device can be difficult [5]. The AVP2 is
sometimes the preferred device (over the AVP4) due to the
former’s shorter, unrestricted length, flat profiled retention
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disks, and availability of larger diameters. However, the
AVP2’s profile requires a larger inner lumen for delivery, a
factor that could restrict its application. This report describes
our experience with both AVP types, emphasizing a more
refined telescopic technique using pigtail catheter support
for AVP2 delivery in selected patients.

Materials and methods

We conducted a retrospective analysis of all CHD patients
who underwent a vascular occlusion procedure with AVP2
or AVP4 at our institution between December 2012 and
December 2015. The AVP2 and AVP4 were CE-mark
approved for clinical use in 2007 and 2009, respectively.
According to the manufacturer’s specifications, AVPs are
built with nitinol braids that have a self-expanding feature.
Radiopaque platinum bands at both ends enhance visibility
under fluoroscopy. The AVP4 is available in 4-8 mm diam-
eters (1-mm increments), AVP2 in 3-22 mm (beyond the
4-mm device diameter, in 2-mm increments). The AVP4’s
profile is slim enough to enable delivery via the 0.038 inch
inner diameter (ID) of various compatible diagnostic cath-
eters (>4Fr). In this respect, AVP2 plugs require at least
0.055 inch ID for sizes 3-8 mm (and up to 0.098 inch for
the largest sizes 18—22 mm). On the other hand, the AVP2’s
unconstrained length is markedly shorter (e.g., 8§ mm plug:
length 12.5 mm for AVP4 versus 7 mm for AVP2).

All the interventions were performed with the patients
under conscious sedation or general anesthesia. Patients usu-
ally received at least 100 IU kg~! of heparin maintaining
activated clotting time (ACT) >200 s throughout the pro-
cedure. Standard antibiotic prophylaxis was given before
device deployment.

Target blood vessels were characterized by reviewing the
original angiograms. Information on the vessels’ diameter
referred to the narrowest segments (except for PDAs where
the (tubular) mid-segments’ diameters were chosen as the
reference). The size and number of implanted devices were
recorded. We calculated the device size to the vessels’ diam-
eter ratio. The primary occlusion rate was checked for every
implanted device. Any device-/procedure-related complaints
or complications were documented.

Informed consent was obtained from each study partici-
pant’s parents or legal guardian. All procedures conducted in
this study involving human participants concurred with the
ethical standards of our institutional and/or national research
committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Telescopic technique for transcatheter AVP2
delivery

In general, we employed standard catheter techniques for
AVP?2 delivery, which was usually a braided kink-resistant
long sheath with its dilator guided over a matching wire.
If those attempts did not succeed, meaning the landing
zone was inapproachable due to very curvy, tortuous, or
sharp-angled vessel courses, we applied a modified tel-
escopic (pigtail) technique: first, the required delivery
sheath was positioned near or at the target vessel’s entry,
followed by removing the sheath’s dilator, probing the
target vessel with a suitable end-hole diagnostic catheter,
and advancing a floppy wire (0.014 or 0.016 inch) far into
the periphery; second, the diagnostic catheter was simply
replaced by a standard pigtail catheter whose outer diam-
eter matched exactly that of the inner lumen (ID) of the
required delivery sheath; third, the pigtail catheter (instead
of the sheath’s original dilator) served as a curved rein-
forcement to guide the sheath to the desired landing zone.

Results

During the 3-year study period, we identified 59 patients
(53% male) with a median age and body weight of 3 years
(0.1-75) and 13.8 kg (2.5-80); 37% of those patients had
a body weight < 10 kg. Patients’ characteristics and prin-
cipal diagnoses are listed in Table 1. A total of 106 AVPs
were successfully implanted in 91 blood vessels: 30 AVP2
(28%) of mean 7 mm (range 3-20 mm) and 76 AVP4
(72%) of mean 5 mm (range 4-8 mm). Two or more plugs
were implanted in ten target vessels. The mean device-
to-blood vessel ratio was for AVP2 1.46 (SD +0.28) and
for AVP4 1.47 (SD +0.18). As illustrated in Table 2, we
treated a wide variety of blood vessels. We had technical
success handling all the target vessels, achieving complete
primary occlusion in 82% (87/106). We observed no inad-
vertent device-related obstruction of neighboring vessels,
nor any device embolization, vascular disruption or any
other procedure-related complication. However, in 6 of
the 59 patients (10.2%) AVP2 delivery was impeded until
we used the modified pigtail-guided technique. The lat-
ter patients are summarized in Table 3, two of whom are
exemplified in Figs. 1 and 2 (online resources 1-5). Those
were 6 out of 15 patients (40%) with collaterals or atypical
vascular connections who underwent AVP2 implantation.
None of them had a PDA.

There was a significant difference in age and body
weight between patients with biventricular and single ven-
tricle physiology at the intervention time. In the single

@ Springer



136

Heart and Vessels (2019) 34:134-140

Table 1 Patients’ characteristics

and diagnoses

Table 2 Plug choice in 59 patients

Physiology No. of patients Primary diagnosis Age (years) BW (kg)
Biventricular 17 PDA 1.0 (0.0-66.0) 10.0 (6.4-84.0)
5 PA, VSD, MAPCAs 0.48 (0.1-17.0) 6.3 (3.3-56.7)
DORY, PS, MAPCAs 0.65 (0.12-7.0) 4.1 (2.5-21.0)
Miscellaneous 1.5 (0.46-75.0) 10.1 (6.4-80.0)
Single ventricle 17 HLHS/C 3.0 (0.46-22.0) 13.8 (6.2-74.9)
TA 12.0 (12.0-23.0) 49.4 (33.3-51.0)
DILV 11.0 (4.0-15.0) 25.0 (15.5-54.0)
5 Miscellaneous 6.0 (3.0-14.0) 18.0 (11.8-41.5)

Values as median (range)

PDA patent ductus arteriosus, PA pulmonary atresia, VSD ventricular septal defect, MAPCAs major aorto-
pulmonary collaterals, DORV double outlet right ventricle, PS pulmonary stenosis, DILV double inlet left
ventricle, HLHS/C hypoplastic left heart syndrome/complex, TA tricuspid atresia, BW body weight, y years,

kg kilogram

Site of intervention ~ No. of vessels ~ Type of device  No. of devices ~ Vessels diameter (mm)  Device-to-vessel ratio  Primary
occlusion rate
(%)
PDA 17 (19%) AVP4 2 4 (2.5-7.1) 1.48 (1.17-1.94) 94
AVP2 15
AP Collateral 39 (43%) AVP4 47 3.1(1.8-6.8) 1.46 (1.18-2.22) 63
AVP2 4
Venous Collateral 31 (34%) AVP4 26 4(2.3-154) 1.43 (1.19-1.76) 70
AVP2 7
Miscellaneous 4 (4%) AVP4 1 7.0 (2.2-14.7) 1.36 (1.16-1.56) 100
AVP2 4
Total 106 4 1.45 82

Values as median (range)

PDA patent ductus arteriosus, AP aorto-pulmonary, AVP Amplatzer™ vascular plug, BW body weight

Table 3 AVP2 implantation using pigtail technique

Case Diagnosis

Site of intervention

Age (years) BW (kg) Size of

Size of target Conventional

Pigtail

AVP2 vessel (mm) attempt (min) attempt
(mm) (min)
1 DILV, L-TGA, PS; s/p SVC to atrial fistula 15 54 12 9.3 122 6
stage 3
2 DORYV, LV hypoplasia, PS;  Azygos-to-portal vein fistula 0.6 6.5 8 6.7 98 12
s/p stage 1
3 PA, VSD, MAPCAs; s/p MAPCA DAO to RLLA 1 6.1 3 1.4 # 7
RV-PA-conduit
4 SV, PS; s/p stage 2 SCV to IVC collateral 14 43 12 8.3 # 14
5 DORY, LV hypoplasia, PS;  Hepatico to atrial fistula 4 16.4 8 5.6 45 21
s/p stage 3
6 HLHS; s/p stage 2 SVC to IVC collateral 1 6.8 8 5.9 # 16

PA pulmonary atresia, PS pulmonary stenosis, VSD ventricular septal defect, TGA transposition of the great arteries, MAPCAs major aorto-
pulmonary collaterals, DORV double outlet right ventricle, DILV double inlet left ventricle, LV left ventricle, HLHS hypoplastic left heart syn-
drome, SVC superior vena cava, /VC inferior vena cava, DAO aorta descendens, RLLA right lower lobe pulmonary artery, BW body weight, y

years, d days, s/p status post, min minutes, # not available
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Fig. 1 (Upper panel p/a, bottom panel lateral view): Pigtail cath-
eter support for AVP2 delivery in a patient aged 15 years (case 1,
Table 3) with double inlet left ventricle (DILV), status post-stage
III palliation. Angiography showing large decompressing veins aris-
ing from the innominate vein (a/b; online resource 1). Left jugular
venous approach via a short 7 Fr sheath; selective injection into the
largest collateral vein (diameter around 10 mm); floppy wire easily
followed the very tortuous venous course (c¢/d; online resource 2).

ventricle group (58%), five patients presented status post-
stage I, six post-stage II and the remaining 22 children
had undergone stage III palliation. In those patients, the
majority of occlusion procedures were indicated in venous
collaterals with low-flow velocities. Most patients with
biventricular physiology suffered from a PDA or aorto-
pulmonary collaterals. Miscellaneous structures included
an azygos vein aneurysm (AVA), an azygos-to-portal vein
fistula, a pulmonary AVM and a systemico-to-pulmonary
artery shunt. 17 patients underwent PDA occlusion (off-
label use). On angiography, PDAs were classified as
Krischenko type A in 5 (29%), type C in 4 (24%) and type
Ein 7 (41%) [6]. PDA occlusion was performed with the
AVP2 in 15 of the 17 patients (88%) and only two atypical
tubular PDAs were closed with the AVP4 (12%).

Initial attempts to advance a 5 Fr long sheath with its dilator on dif-
ferent 0.035 inch wires failed. Finally, the proximal vessel’s sharp
270-t0-360° loop was successfully probed with the 5 Fr long sheath
simply supported by a 5 Fr pigtail catheter (ID 0.038 inch) serving
as a curved reinforcement on the 0.016 inch floppy wire (e/f; online
resource 3). Deployment of a 12-mm AVP2 (g/h; online resource 4
and 5)

Discussion

The Amplatzer Vascular Plugs AVP2 and AVP4 are well-
established for transcatheter closure of abnormal vessels in
congenital heart disease (CHD). Both plugs are versatile,
easy to use and effective in a variety of settings [3, 7-11].
The AVP2 is sometimes preferable to the AVP4 due to its
shorter length, flat-profiled retention disks, and the avail-
ability of larger diameters (range 3—22 mm), but its profile
demands a larger catheter lumen (ID) for delivery. The
latter may actually hamper the occlusion of difficult-to-
reach target lesions. In fact, AVP2 delivery was an issue
in 10% of the patients in our series, strictly speaking, in
40% of those with curvy collaterals or atypical vascular
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XiDjstanz: 7:10 mm

X2 Djstanz: 6.00.mm:

Fig.2 (Upper panel p/a, bottom panel lateral view, *portal vein,
*hemiazygos vein): Pigtail catheter support for AVP2 delivery in a
patient aged 6 months (case 2, Table 3) with DORV with LV hypo-
plasia and PS, hemiazygos continuity to the left-sided superior vena
cava and agenesis of the inferior vena cava; status post-stage I and
failing stage II palliation (due to hypoxemia). Left femoral venous
approach. Selective angiography showing a complex S-shaped venous

connections. Conventional techniques had failed in those
patients, yet our simplified pigtail approach always suc-
ceeded, which is why we consider it a promising alterna-
tive tool whenever a long sheath is required for device
delivery.

XA\ Djstanz: 6,78 mm

connection (diameter around 6.7 mm) between the left-sided vena
hemiazygos and the portal vein system (a/b). A 5 Fr pigtail catheter
served as a curved reinforcement to guide a 5 Fr delivery sheath on
a 0.016 inch floppy wire (c/d). Hand injections of contrast via the
sheath’s side port to identify a proper landing-zone (e/f). Final result
after deployment of an 8 mm AVP2 (g/h)

The great advantage of our technique could be that only
three components must work together (a floppy wire, a
pigtail catheter, and a matching long sheath), making the
procedure technically easier than other telescopic sys-
tems [12-14]. Brown et al. recommended a very effective

Fig.3 Simplified telescope system on 0.016 floppy wire versus steer-
able guiding sheath. Of note, pigtail catheter’s varying configura-
tion depending on the floppy wire’s location or probing depth. Tip

@ Springer
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technique consisting of a floppy wire, a microcatheter, a
diagnostic catheter, a cut-off guiding catheter and an intro-
ducer sheath, thus employing at least five to six components
requiring close interaction [5]. Steerable guiding sheaths
may also facilitate such a procedure. One of the latest gener-
ation is the Destino Twist (Oscor, Palm Harbor, FL), which
is available in child-suitable sizes from 6.5 Fr onward [15].
However, tip deflections up to 180° can only be achieved
once its (non-deflectable) dilator has been removed (Fig. 3).

Other potential alternatives are large-volume detachable
coils with effective anchor properties and the highest pos-
sible packing density to form a plugging nest (options via
http://www.angiocalc.com). Many of these coil systems
are easily steerable through tortuous vessels via standard
microcatheters (ID 0.021-0.027 inch) that slip through any
diagnostic catheter (ID 0.035-0.038 inch) [16-18]. Coils
are often ideal for sealing small to medium-sized collater-
als; however, some of them also offer very large (secondary)
diameters measuring up to 20 mm or even more. In turn,
completely occluding larger vessels may require the deploy-
ment of multiple coils, and may subsequently result in longer
fluoroscopy time, the increased use of contrast agents, and
higher costs. The MVP microvascular plug system (Covi-
dien, Medtronic, Minneapolis, MN) also passes microcath-
eters. This is a detachable nitinol skeleton plug partially
covered by a polytetrafluoroethylene (PTFE) membrane.
However, MVP’s unconstrained length of 12 mm and diam-
eter not exceeding 6.5 mm has limited its use so far [19-21].

In this series, more than 60% of the target vessels were
high-flow lesions. We documented no device embolization,
vascular disruption, or procedure-related complication. In
our experience, the AVP4 is an ideal device for closing
high-flow vascular (tubular) malformations due to its flex-
ible grip not requiring much oversizing. Its properties render
the AVP4 for use especially in pediatric patients. The AVP4
was thus the most commonly used (72% of all patients in our
series). This observation is supported by previous reports
[4, 22, 23]. However, the AVP4’s use is limited to embo-
lizing small- to moderate-sized vessels measuring 3—6 mm.
Finally, its relatively long unconstrained length should be
considered as a potential drawback in targets with a short
landing zone.

To minimize the risk of residual shunting and AVP embo-
lization, it is important to use 30-50% larger plugs with
respect to the target vessel (as already recommended) [4,
7]. Our device-to-vessel ratio was a median 1.47 for AVP4
and 1.46 for AVP2, resulting in a primary occlusion rate of
64% for AVP4 and 97% for AVP2. This remarkable differ-
ence may be explained by the AVP’s architecture: the AVP4
has a multi-layered, double-lobed design, whereas the AVP2
is multi-layered and multi-segmented, which enables faster
vessel occlusion due to more wire mesh. Variable occlusion
time remains a major shortcoming, especially large vessel

size, full anticoagulation during catheterization, and high-
flow-situations are factors that can prolong the occlusion
time [7].

AVP?2 off-label use for PDA closure has proved to be a
valuable tool, even in preterm infants [24-28]. The AVP2
was used in our study in PDA types A, C, and E. Prob-
ing these PDAs and advancing the long sheaths needed for
delivery were straightforward in all patients. We also con-
firm that AVP4 can be considered an efficient alternative for
tubular (atypical) ducts closure in selected patients [26, 29].
Primary occlusion rates range from 87% [3] to 94% [11].
We achieved a primary occlusion rate of 93% for PDAs in
our study.

Limitations

This is a small series with the limitations typical of a retro-
spective study, and our results should be judged with cau-
tion. For a statistically sound matching procedure, we had
very few patients.

Conclusion

The AVP2 and AVP4 are flexible devices enabling the reli-
able occlusion of a large variety of different vascular mal-
formations in CHD. Both devices proved to be effective and
safe. A novel and simple technique using pigtail catheter
support for long sheath delivery is presented to occlude
even difficult-to-reach lesions in a very gentle and efficient
manner.
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