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Abstract

Background: This study measured the radial force (RF) imparted upon
a vessel wall when a manually controlled, expandable wire sphere that
was incorporated into a mechanical thrombectomy device was expanded
to oppose the vessel wall. Results would help determine the device’s safety
profile with regards to risk of vessel rupture during device deployment.

Methods: A novel proprietary manually controlled, expandable, wire
sphere (Retriever Medical, Las Vegas, NV, USA) was advanced in its
collapsed form into an MSI RX 650 RF Tester (Machine Solutions Inc.,
Flagstaff, AZ, USA). The device cylinder iris was adjusted to provide
cylinder test diameters of 5 mm, 7.5 mm and 10 mm. RF exerted by the
expandable sphere was measured at each of the above diameters. The
testing was performed with the thrombectomy device delivered along
both a straight and tortuous course to determine whether or not pathway
complexity influenced the terminal RF generated.

Results: Maximum RF generated by the wire sphere was 22 Newtons (N).
RF increased as cylinder and wire sphere diameter increased from 5 — 10
mm. No significant differences in generated RF were detected when the
straight and tortuous device delivery pathway were compared.

Conclusion: The RF generated by the novel, proprietary, manually
controlled, expandable wire sphere designed to perform mechanical
thrombectomy fell far below the established N required to cause rupture
of the saphenous vein and pulmonary artery. This information, combined
with our prior published work showing no venous endothelial damage
following porcine In Vivo sphere manipulation, provides additional
evidence supporting the device’s favorable safety profile.

Trial Registration: This article does not report the results of a health care
intervention on human subjects.
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Introduction

The authors have recently reported results after testing a novel mechanical
thrombectomy device (Figure 1) aimed towards removing acute, subacute,
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and chronic thrombus from peripheral and more central
(pulmonary) porcine venous conduits [1]. This study
demonstrated no histologic damage nor angiographic
abnormalities in veins after a mechanically expandable wire
thrombectomy sphere was expanded and slid along the vessel
wall (Table 1). Lack of injury was noted despite repeatedly
expanding the device 200% of the angiographically measured
vein’s normal diameter (Figure 2).

Figure 1: Mechanical thrombectomy device with two distal spheres
(blue arrows) that actively controllably expand, collapse and
translate proximally and distally (1).
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When evaluating devices (stents, balloons) expanded
within a geometric volume, the terms RF, Radial Resistive
Force (RRF), Chronic Outward Force (COF) and hoop force
(HF) are often used interchangeably [2]. While these terms
are not necessarily mathematically equivalent, they are in
essence expressions of the forces generated perpendicularly
outward from the center of a sphere or from the central axis of
a cylinder. This outward force resists external compressive
forces. For the purposes of this study, the term RF will
refer to the force generated against a vessel wall by our
device’s expanding thrombectomy sphere. A Radial Force
Tester (MSI RX650, MSI, Flagstaff, AZ, USA) measured
the RF generated by the mechanical thrombectomy device
at a variety of expanded diameters. By determining the RF
generated by the expanded thrombectomy spheres, it may
be possible to provide further information to clinicians
regarding the likelihood (ie. risk) of wvessel rupture
during device manipulation (device expansion and radial
translation).

Table 1: Venous histologic findings post vessel manipulations using DVT or PE mechanical thrombectomy device (1)

Target
Expansion

Sample

Test# ID(Distal)

Animal# | Location Device

Expanded
Diameter
(Distal)

Expanded
Diameter
(proximal)

Sample ID
(Proximal)

Histology

Cycles Results

Left illiac DVT 100% 14

Essentially
normal tissue-
Focal area
of artifactual
disruption of
intimal surface;
no associated
inflammation or
hemorrhage 2/3
sections

10 14 10 5

Right
External
Jugular

DVT 120% 13.5

Essentially
normal tissue-
Focal area
of artifactual
disruption of
intimal surface;
no associated
inflammation or
hemorrhage 1/3
sections

13.5 16 15 5

Left External

Jugular DVT

Max (200%) 6

Essentially
normal tissue-
Focal area
of artifactual
disruption of
intimal surface;
no associated
inflammation or
hemorrhage 1/3
sections
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Femoral Essentially
) Control .
Vein normal tissue
4 Left Lower PE 100% 9 12 9 12 Essent.ially
PA normal tissue
5 Right PA PE 120% 10 12 10 12 Essentially
normal tissue
Right .
6 Subclavian | PE | Max(100%) 55 55 Essentially
normal tissue
Artery
7 Czlgt]it d PE Clot Essent?ally
Removal normal tissue
Artery
Left Carotid Essentially
Control .
Artery normal tissue
Regional
multifocal loss
of vascular
endothelium
with fibrin and
minimal amounts
of inflammatory
cells adhering
Right to the denude
8 External DVT 100 9.3 10.5 9 10 surface; and
Jugular focal disruption
of the vascular
endothelium with
exposure of the
tunica media
and with minimal
associated
inflammation 1/3
sections
Essentially
normal tissue-
2 focal areas
of artifactual
9 Left External DVT 120 74 14.2 10 13 . d.isruption of
Jugular intimal surface;
no associated
inflammation or
hemorrhage 1/3
sections
10 Right Lower PE 120 9 13 10 16 Essent?ally
PA normal tissue
1 Left Lower PE 100 7 11 7 1 Essent.ially
PA normal tissue
Essentially
normal tissue-
Multifocal areas
of artifactual
12 RightUpper | e viax (190%) | 6.1 6.1 116 136 _ disruption of
PA intimal surface;
no associated
inflammation or
hemorrhage 1/3
sections
Left Upper Control Essent.ially
PA normal tissue

Citation: Michael Bruce Horowitz, Jack B. Sattell, Brandon Repko, Hieu Le, Benjamin Bobo. In Vitro Proof of Concept Evaluation of the Radial

Force Generated by a Novel Mechanical Thrombectomy Device that Incorporates Controlled, Expandable Wire Spheres. Cardiology
and Cardiovascular Medicine. 8 (2024): 43-47.



fadlum Horowitz MB, et al., Cardiol Cardiovasc Med

Journals 2024 DOI:10.26502/fccm.92920356

Methods

This study was performed at Machine Solutions, Inc
(Flagstaff, AZ, US) using an MSI RX 650 Radial Force
Tester (Figure 2). The study goal was to understand the RF
generated by the mechanical thrombectomy device at a variety
of expanded diameters. Vessel diameters were selected by
adjusting the inner diameter of the RX650 iris. Within each
diameter, the spheres were expanded until a RF plateau was
reached. In order to determine how tortuosity affected these
measurements, the RF was measured by first deploying the
device along a straight course (Straight Course Force Testing)
(Figure 3) and then deploying it after being advanced through
a tortuous path (Tortuous Path Force Testing) (Figure 3). The
latter required advancing the system through a 4 cm radius,
180-degree bend followed by an 8 cm radius, 90-degree bend.

The Straight and Tortuous RF Testing was performed at
a variety of vessel (iris) diameters (Smm; 7.5mm; 10mm) to
determine how the expanded diameter of the mechanical wire
thrombectomy spheres might affect the generated RF.

Figure 2: MSI Radial Force Tester adjustable iris cylinder (arrow)
with a covered stent (arrowhead) being evaluated for RF (MSI
RX650, MSI, Flagstaff, AZ, USA)

Figure 3: Mechanical thrombectomy device (arrowhead) advanced
along a straight course with the expandable sphere positioned within
the adjustable iris (arrow) (MSI RX650, MSI, Flagstaff, AZ, USA).
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Figure 4: Mechanical thrombectomy device advanced along a
tortuous course (arrowhead) with the expandable sphere positioned
within the adjustable iris (arrow) (MSI RX650, MSI, Flagstaff, AZ,
USA).

Results

Using the above methodology, the following was
determined:

1. The expanded spheres could generate up to 22N RF
against the iris

2. RF applied to the iris increased as the diameter of the iris
was increased (Figure 5).

3. There was no significant difference seen in wire sphere RF
generation when the straight and tortuous course models
were compared.

Distal Braid Assembly #3, Radial Force

N

®_ js Diameter:Smm

®_is Diameter:7.5mm

Radial Egree (N),
5

@ _is Diameter:10mm

Time (S)

Figure 5: This graph records the RF generated when the wire sphere
was expanded within a cylinder variably adjusted to diameters of 5
mm, 7.5 mm, and 10 mm. Note that as the thrombectomy sphere is
expanded against a larger diameter cylinder wall, the RF increases to
a peak of 20 N at 10 mm. The curves show the RF in each diameter
cylinder as the mechanical sphere is expanded and then collapsed.
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Discussion

The authors’ initial publication [1] demonstrated that
repeated use of their novel mechanical thrombectomy device
(expansion and linear translation) in porcine iliac veins,
jugular veins, and pulmonary arteries (even when expanded
200% beyond the vessel’s native diameter) induced no
histologic vascular wall injury. Measurement of the device’s
actual approximate RF generation was felt to be another
important data point needed to assure clinicians that the
system could safely operate within the biologic mechanical
constraints of target vessels. RF was measured in Newtons
(IN is the force required to accelerate a 1 kg object 1 meter
per second 2; IN = lkg m/s2). In order to compare our
values to those published by other investigators we used the
following conversion factors:

1 mmHg = 133.322 N/m2
1 mmHg = 1.33322 millibars
1 millibar = 100 N/m2

According to works performed by Kirschbaum and
Neufurth [3, 4] the burst pressure for the saphenous vein
i1s at a minimum 1373 millibar or 137,000 N-m2 while the
burst pressure for the porcine pulmonary artery is 140 mmHg
or 18,665 N-m2. These reported burst pressures far exceed
the RF generated by the described thrombectomy device’s
expanded mechanical spheres (22 N), thus indicating that
vessel rupture during deployment is highly unlikely. The
difference in rupture force vs device RF also helps explain
the paucity of vessel injury documented in our previously
published animal study.

Conclusion

This study measured the RF generated by a previously
described novel expandable mechanical wire sphere designed
to assist with peripheral and central venous thrombectomy.
The recorded maximum RF of 22 N falls far below the
published forces required to rupture the saphenous vein and
pulmonary artery. Combining these findings with those of our
prior histologic publication [1] seems to lend further credence
to the device’s ability to atraumatically remove venous
thromboemboli.
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