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ABSTRACT

Background: Cardiologists occlud most patent ductus arteriosus (PDA) defects in dogs using the Amplatz® canine
duct occluder via a transarterial approach. However, this approach can be problematic in small dogs due to their small
femoral artery diameters. In such cases, cardiologists have opted for lower profile devices or use coils or vascular plugs
deployed using a more challenging transvenous approach.

Case Description: The present report describes a 1-year-old, 6 kg male Cavalier King Charles Spaniel with a small
PDA, which was successfully occluded using the Micro Plug Set (KA Medical, Minneapolis, MN) via a transarterial
approach.

Conclusion: This is the first case report in medicine of PDA closure with a KA Micro Plug Set via transarterial
approach. This approach, which has been described for PDA closure in a few dozen premature human infants, could
be considered as a minimally invasive PDA closure in small dogs by using a transarterial approach. Furthermore, in
pediatric cardiology, the use of the device has been described only via a transvenous approach. The information from
this case report could inspire a different and simpler approach to human medicine.
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Introduction

Patent ductus arteriosus (PDA), is the most common
congenital heart disease in dogs (Hunt et al., 1995;
McDonald, 2006). Some breeds appear to be
particularly predisposed to this condition; however,
defects can occur in any breed and are more often
described in females than in males (Buchanan, 1994,
Brambilla et al., 2020). Left-to-right PDA shunting
can lead to pathological pulmonary overcirculation
and left-sided volume overload, potentially resulting in
congestive heart failure.

A wide range of PDA sizes and morphologies has been
described using multidimensional imaging (Doocy
et al., 2018). Such variations in the morphology and
size of the PDA, and in the size of the artery used for
vascular access, influence closure recommendations
and device selection when considering minimally
invasive transcatheter closure (Doocy et al., 2018).

A transcatheter closure device was developed
specifically for use in dogs with PDA: the Amplatzer
canine duct occluder (ACDO) (Infiniti Medical,
Huddersfield, UK), which cardiologists currently
consider as the treatment of choice for dogs with left-

to-right shunting PDA (Nguyenba et al., 2007; Gordon
et al., 2010). This device has a minimally invasive
controlled catheter-based delivery system, is easily
deployed, has a low complication rate, and is available
in a broad range of sizes that allow the closure of a wide
range of PDAs. However, the ACDO delivery system
size and the need to use this device via a transarterial
approach limits its use in small dogs and/or dogs
with small-diameter femoral arteries. Consequently,
veterinary investigators have examined lower profile
plugs, such as the Amplatzer™ vascular plug 4 (AVP4,
AGA Medical Corporation, Plymouth, MN) (Hogan
etal.,2021, Hulsman ef al., 2021), which has also been
used in children (Mini et al., 2023). The AVP4 consists
of two symmetrical self-expanding nitinol mesh lobes,
and is available in the following sizes (diameter/length):
4/10, 5/10.5,6/11,7/12.5, and 8/13.5 mm). Its diameter
is selected with 30%-50% oversizing. The maximal
diameter of the ductal ampulla increases (constrained)
its length, and is delivered directly through a 4-French
diagnostic catheter, in a similar way to the procedure
for ACDO implantation, without using an introducer
with a hemostatic valve (Hogan ef al., 2021).
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Other veterinary investigators have focused on a
transvenous approach (femoral or jugular) when using
Amplatzer™ vascular plug 2 devices (AGA Medical
Corp), coils, or other devices, such as the Nit-Occlud
PDA occlusion system (Pfm Medical GMBH, Cologne,
Germany), for interventional closure of a PDA in dogs
where routine ACDO closure is not feasible (Blossom
etal, 2010; Bagardi et al.,2022; Belachsen et al., 2022;
Hildebrandt et al., 2022; Morgan et al., 2022; Cala
et al., 2024). However, transvenous access involving
the cardiac chambers can be more challenging, and
retrograde access to the PDA is time-consuming and
sometimes impossible, particularly in cases with a
small minimal ductal diameter (MDD).

A new vascular occlusion device (Micro Plug Set,
KA Medical, Minneapolis, MN) with a short length
(2.5 mm, unconstrained) has become commercially
available. It is microcatheter-deliverable and X-ray
and ultrasound visible. It was developed for arterial
embolization in peripheral vasculature, with early
experiences described in a few dozen neonates and
infants undergoing transcatheter PDA occlusion via
transvenous access (Heyden ef al., 2020, Guyon et al.,
2022).

The Micro Plug Set comprises a self-expanding braided
nitinol cylindrical mesh with three equal-sized discs
and radiopaque marker bands at each end (Fig. 1). The
device is available in four sizes, with disc diameters
ranging from 3 to 6 mm and an unconstrained length
of 2.5 mm. According to the manufacturer, the device
is prepared and advanced using a 2.9-French, 125-cm
long delivery microcatheter and is released by using its
delivery cable (Fig. 1).

Micro Plug Set

MEDICAL

cs: Souprava mikrozaslepky
da: Mikrostiksaet

nl: Microplugset

fr: Set de micro-obturateur
de: MikrogefaBverschluss-Set

it: Set microtampone

pl. Zestaw mikro-zatyczki
pt Conjunto de Micro-tampao

es. Conjunto de microtapéon
sv. Mikropluggset

sl: Komplet mikrovaskularnega ¢epa

29 Fr 0.028"
/ \ 0.038" (0.97 mm) (0.71 mm)

This case report aims to evaluate the first-time use
of the Micro Plug Set for the closure of a PDA in a
dog with transarterial access never described even in
pediatric interventional cardiology.

Case Details

A 1l-year-old, 6-kg male Cavalier King Charles Spaniel
with subclinical PDA, diagnosed via transthoracic
echocardiography, was referred for minimally invasive
closure. On presentation, the dog was alert, and physical
examination revealed pink, moist mucous membranes,
a capillary refill time of less than 2 seconds, an IV/VI
left basilar continuous murmur, and bounding femoral
pulses.

A transthoracic echocardiogram (TTE) (Siemens
Acuson Juniper, Probe: 8V4, Siemens Healthcare,
Erlangen, Germany) revealed mild left atrial and
left ventricular dilation: Left atrium/aorta ratio: 1.8 (
reference value < 1.6), normalized to body weight), left
ventricular internal diastolic diameter: 1.98 (reference
value: < 1.7), and left ventricle apical four-chamber
view end-diastolic volume (Simpson biplane method):
23.6 mL (reference value < 20.1 mL), (Wess et al.
2021). It also revealed a small PDA, with approximate
MDD and ampulla diameters of 1.2 mm and 3.7 x 7
mm, respectively, and a length of 7 mm (Fig. 2).
Doppler echocardiography confirmed left-to-right
flow across the PDA with pressure gradients of 113.30
mmHg in systole and 59.5 mmHg in diastole.

Despite the modest overload of the left heart chambers,
in agreement with the owners’ wishes, we decided to
proceed with PDA closure with a minimally invasive
technique, also considering the predisposition to

Fig. 1. Schematic drawing of the KA Micro Plug Set with the device and 2.9-French delivery catheter, along with
the relevant sizes (A), and a photograph of the device (B) with a millimeter scale.
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Fig. 2. Transthoracic echocardiography, cranial left lateral view, optimized for PDA visualization and its
measurement (A) and and left-to-right flow on CFM Doppler (Dual-mode).

mitral valve insufficiency development in middle-aged
patients of this breed, exacerbating left volumetric
overload.

We considered that the small MDD (1.2 mm) implied
that it would be difficult or time-consuming to cross
the PDA by transvenous access and that the use of
even an ACDO of the smallest size (3-mm waist with
a ratio to MDD: 2.5), inserted via the femoral artery,
would have created excessive stretching at both the
pulmonary ostium and the ampulla given the diameter
of the proximal disc (8 mm, with a ratio of proximal
disc diameter/ampulla diameter > 2.1). We also
considered that a required delivery sheath thinner than
ACDO would allow a faster and safer trans-arterial
approach. Therefore, we proposed using the KA Micro
Plug Set via femoral arterial access, applying the same
indications that were used in a preliminary study on
children (discs > 1 mm of the MDD and similar width to
that of the mid-distal part of the ampulla, using a 4-mm
device). The owner was informed of our suggestion
and provided written consent for the off-label use of
other devices if needed.

Anesthesia was induced and maintained as previously
described (Bagardi et al., 2022) and perioperative
intravenous amoxicillin (22 mg/kg) was administered.
The dog was placed in right lateral recumbency on a
fluoroscopy table (C-arm: Siemens Cios Select Siemens
Healthcare), and the area over the right femoral artery
was clipped and prepared for surgery. The patient was

monitored with transesophageal echocardiography
(TEE; Probe: 5VT, Siemens Healthcare), which
allowed optimal visualization of the ductus and its
measurements (MDD 1.2 mm, ampulla diameter 3.8
mm, and length 4.4 mm), which confirmed the choice
of the device (Fig. 3).

The right femoral artery was accessed via surgical
cut-down and the distal end of the femoral artery was
ligated with a non-absorbable multifilament suture (3-0
PERMA-HAND™ Silk Suture, Ethiicon, Johnson &
Johnson International, Diegem, Belgium).

A 4-French, 10-cm long introducer vascular sheath
(Pinnacle Precision Access System, Terumo Medical
Corporation, Somerset, NJ) was inserted, after
puncturing the artery with the appropriate 21-gauge
needle, after which the 0.021” Nitinol Taper tip
guidewire, also supplied with the set, was inserted.

A 3.3-French MP angiographic catheter (Moongoose®
Togo Medikit Co. Ltd., Oaza Hichiya Hyuga City,
Japan) was placed into the femoral artery together
with a 0.025” angled hydrophilic guidewire, 180-cm
long (Terumo Radiofocus® Glidewire, Terumo Medical
Corporation), through the 4-French vascular sheath.
Once it had reached the ascending aorta, it was used
to perform angiography (after removing the guide
wire) with 3 mL iodinated contrast agent (350 mg/
mL) diluted with 3 mL saline, to facilitate its manual
injection through the 3.3-French vascular catheter.


http://www.openveterinaryjournal.com

http.://www.openveterinaryjournal.com
L. Venco et al. Open Veterinary Journal, (2024), Vol. 14(12): 3640-3648

» 3D 34mm

\

Fig. 3 Intraoperative TEE showing PDA and its measurements (MDD: 1.2 mm; ampulla diameter: 3.8 mm;
length: 4.4 mm) and the flow from the aorta to the pulmonary artery (MPA) on CFM Doppler (Dual-mode).

Fig. 4. Fluoroscopic sequence. (A) The first disc is deployed and the entire
system is retracted until it engages the pulmonary ostium. (B) The second
and third discs are released into the ampulla. (C) The device is released with
anticlockwise rotation of the delivery cable. (D) The delivery catheter is
removed along with the delivery cable.
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Fig. 5. Intraoperative TEE. (A) The first disc is released into the pulmonary artery (yellow
arrowhead). (B) The central and proximal discs are positioned inside the ampulla (yellow
arrowhead). (C) No residual flow is visible on CFM (Dual-mode) examination, and no
flow obstacles are present in the pulmonary artery.

Angiography confirmed the earlier measurements of
TEE.

Subsequently, the guidewire (reinserted into the
catheter) and catheter were passed under fluoroscopic
and transthoracic echocardiography guidance through
the PDA into the pulmonary trunk in an anterograde
manner until the tip of the guidewire was clearly visible
in the pulmonary artery.

The catheter was then removed, leaving the guidewire,
on which the dedicated 2.9-French KA manufacturer
microcatheter was positioned such that its tip was
clearly visible under both fluoroscopic and TEE
guidance, in situ. The guidewire was subsequently
removed.

To facilitate the operations and avoid a mismatch with
the length (180 cm) of the 0.0025” guidewire, given
the length of the microcatheter (125 cm), its tip was
shortened by 40 cm.

The device, in its loader, was inserted into the delivery
sheath through the appropriate Tuohy-Borst Sidearm
Adapter provided by the manufacturer and was
advanced carefully until the distal disc was expanded
in the pulmonary artery.

The delivery wire and catheter were gently withdrawn
until resistance was experienced in the pulmonary
ostium. The guiding sheath was then retracted,
allowing expansion of the central and proximal discs
of the device within the PDA ampulla.

The stability of the device was subsequently tested
with the push—pull “Minnesota wiggle” maneuver,
and the cessation of transductal flow and the correct
positioning of the device was verified using TEE (Figs.
4 and 5). The device was then deployed by rotating the
delivery cable counterclockwise with the appropriate
plastic vise. To verify the closure of the PDA and the
absence of protrusions in the aorta further, a second
angiography was performed as before (Fig. 6).
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Fig. 6. Angiography conducted after device (arrow) release.
The PDA is completely occluded and no residual shunt is
visible.

The delivery sheath and introducer sheath were then
removed, the femoral artery was ligated, and the
surgical wound was repaired in a routine manner using
a 3-0 monofilament polydioxanone absorbable suture
(PDS" II Ethicon, Raritan, NJ).

The duration of the entire surgery was 40 minutes, with
fluoroscopic exposure times of 3 minutes 40 seconds.
Recovery from anesthesia was uneventful, and the
dog was able to walk and eat 3 hours later. Thoracic
radiographs after 24 hours showed correct positioning
of the device (Fig. 7).

The dog was discharged, and a check-up was scheduled
for 30 days. The 1-month TTE echocardiographic
examination confirmed complete occlusion of the PDA,
without residual shunting on Color Flow Mapping
(CFM), correct positioning of the device, with complete
reverse remodeling of the cardiac chambers (Fig. 8).
Ethical approval

Ethics review and approval of this study were waived
because this was not an experimental study, but a
clinical report of a spontaneously occurring congenital
disease, and detailed informed consent was obtained
from the owner for the publication of the images and
clinical case.

Fig. 7. Thoracic radiographs obtained 24 hours after surgery. (A) Right lateral, (B) dorso-
ventral, (C) left lateral views, and (D) close-up view of the device in the right lateral view
(white square). In (B), note the thickness of the device (white square) compared to that of the
identification microchip. Post-operative films show that the device is positioned correctly.
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Fig. 8. Dual-mode transthoracic echocardiography (left cranial parasternal view optimized
for duct visualization) at 30 days after surgery. The device (yellow square) is correctly
positioned, and no evidence of residual shunt or pulmonary arterial obstruction is present on
CFM Doppler.

Discussion

Our case report details the first use of a KA Micro Plug
Set via the transarterial approach for occluding a PDA
in a small young dog.

In human medicine, this device has been used in a few
dozen neonates and infants undergoing transcatheter
PDA occlusion via transvenous access only (Heyden
et al., 2020, Guyon et al., 2022). Veterinary and human
cardiologists have previously reported successful
closure of PDAs in small dogs and children with the
AVP4 and transarterial (Hogan, et al., 2021, Hulsman
et al., 2021) or tranvenous access (Mini et al., 2023).
However, the available lengths of the AVP4 (10-13.5-
mm, unconstrained) make it potentially suitable only
for long ducts. In the case of short ducts, the plug may
protrude into the aorta or into the pulmonary artery,
leading to stenosis (Mini et al., 2023). In veterinary
medicine, the AVP4 is delivered through a 4-French
angiographic catheter through the femoral artery,
without the use of an introducer with a hemostatic
valve, which poses a potential risk of bleeding, which
can have a marked clinical impact in small dogs.

The Micro Plug Set addresses the limitations of
contemporary devices used for transcatheter PDA
closure in small dogs, even those with a small-diameter
femoral artery. First, this device is shorter (2.5 mm),
which allows the closure of ducts much shorter than
10 mm, without any risk of protrusion and stenosis,
and the shape is well suited for placing the distal disc
in the pulmonary artery and the central and proximal
discs of the device within the PDA ampulla, potentially
reducing the risk of embolization. Second, the device

is delivered through a soft, low-profile (2.9-French)
microcatheter. It does not require catheter exchange, a
stiff delivery catheter, a sheath, or a guide wire, and
can easily be introduced through a 4-French introducer
with a hemostatic valve.

The device is available with disc diameters of 3, 4,
5, and 6 mm, and based on the experience in human
medicine and in our canine clinical case, the diameter
of'the selected disc must be >2 mm larger than the MDD
and should be similar to that of the mediodistal part
of the ampulla closest to the pulmonary side, allowing
occlusion of PDAs even of significant dimensions.
Therefore, the Micro Plug Set appears to be a
promising transcatheter device for use in small dogs
that addresses the limitations of the currently available
devices. Our first experience has shown that the device
can be safely implanted, with no significant procedural
complications or adverse events.

The only critical issue noted in our study was the
poor radiopacity and lower visibility of the device by
fluoroscopy, due to its small size, relative to that of other
devices. Intraprocedural monitoring with TEE provides
useful support, in addition to shortening the exposure
time to X-rays for operators and patients. In very small
patients in whom the size of the probe does not allow
TEE examination, we believe that TTE monitoring
coupled with fluoroscopy could be very useful, as is
used in very small, premature human infants (Heyden
et al., 2020, Catalan et al., 2024).

Our success, albeit in a single dog, demonstrated
that the Micro Plug Set is a promising transcatheter
device option for transarterial PDA occlusion in small
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dogs. More clinical cases are required, and its use
via transvenous access in dogs, such as those used in
children, is desirable.

Finally, ourreportprovides cardiologists, both veterinary
and human, with a novel method of transvascular PDA
occlusion in small dogs and potentially in children and
demonstrates how the mutual exchange of information
in the field of veterinary and human interventional
cardiology can contribute to significant progress in
addressing challenging clinical cases.
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