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Abstract

Background: The INGEVITY lead (Boston Scientific, St Paul, MN, USA) has excellent
clinical performance. However, its single filar design results in decreased lead tensile
strength and a possible challenging extraction. This study’s goal is to evaluate tech-
niques for extracting the INGEVITY lead.

Methods: Two- and three-dimensional models were created to simulate lead extrac-
tion from a right atrial appendage lead implant with a left subclavian approach and
lead/fibrosis attachment sites. Standard and unique lead extraction preparation strate-
gies were evaluated. Traction forces were measured from a superior approach alone or
in combination with a femoral approach.

Results: For lead extraction via the superior approach, leaving the terminal on the lead
was the only factor influencing maximum tolerated load (p-value = .0007). Scar attach-
ment provided greater lead tensile strength by transferring traction loading forces to
the polyurethane outer insulation but dependent on insulation integrity. The strongest
extraction rail was seen with a simulated femoral snaring of a locking stylet within the
INGEVITY lead. Deployed screw retraction was most successful by rotating a Philips
LLD#2 stylet (Philips Healthcare, Amsterdam, Netherlands) within the lead.
Conclusion: Results from in vitro simulations of INGEVITY lead extraction from an
atrial location found the lead has low maximum tensile strength resulting in a poor
extraction rail with common extraction tools and methods. However, the strength of
the INGEVITY Lead extraction rail can be significantly increased by leaving the lead ter-
minal intact and femoral snaring of the locking stylet within the lead. Such techniques

may improve extraction of the INGEVITY lead.
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1 | INTRODUCTION

Cardiac implantable electronic devices (CIED) continue to be
implanted with an estimated yearly rate of 1.2 to 1.4 million devices
worldwide including over 500,000 per year in the EU.! Unfortunately,
some of these devices and/or their leads must later be extracted
because of infection, vascular occlusion, lead malfunction, and to avoid
lead redundancy.>? Fundamental to extraction is using the implanted
lead as arail for the extraction tool which results in tension on the lead.
Myocardial lead fixation, vascular fibrosis, and a patient’s individual
anatomy may amplify those stresses. The lead’s ability to tolerate such
stress depends on its tensile strength and potential traction points of
failure such as weld joints, this is universally true of all leads.

In addition, leads must survive the hostile biological environment
while enduring repetitive mechanical stress with millions of cardiac
cycles each year.1:3 New technology is introduced into the field to meet
defined medical needs. The INGEVITY lead was approved by FDA on
April 25,2016 for use in a Boston Scientific MR Conditional System.

To date 874,000 INGEVITY leads have been implanted worldwide.
Lead performance has observed 99.1% survival at 8 years for the
362,000 implanted leads in the United States (www.bostonscientific.
com/en-US/pprc/product-performance-report.html, accessed Decem-
ber 11, 2020).

The unique construction of the INGEVITY lead has been previously
described.* Both the inner and outer conductor coils are a single filar
of MP35N wire. This design minimizes the electrical coupling during
an MRI in order to reduce potential heating of the tip; however it also
reduces the axial strength of the lead when used as a rail for extraction.

The single filar conductor design presents the challenge when the
INGEVITY lead is adhered by scar to intravascular structures or other
leads. Once a stylet is locked within the lumen, the single filar coil easily
stretches and uncoils leading to substantial stretching of the insulation,
and ultimately delamination and fracture. This combination results in
the loss of a stable extraction rail and potential inability to safely and
successfully deploy extraction tools. Additionally, this unifilar inner coil
resultsin a lower allowed torsional strength to retract a deployed helix.
In this study, a dedicated in vitro testing evaluation of INGEVITY lead
mechanical integrity during varying extraction maneuvers was per-
formed. The study’s purpose is to define the challenges present and
provide potential solutions to aid the operator in extracting INGEVITY

leads.

2 | METHODS

Extraction techniques were evaluated including helix retraction, lead
preparation, traction on the lead from a superior, pectoral location,
and providing countertraction using a femoral snare technique. A right
atrial transvenous lead pathway was simulated with a bench model
(Appendix A). A three-dimensional silicone heart model set-up allowed
helix retraction turn counts and a simplified two-dimensional heart
model set-up allowed traction force measurement. Both models sim-

ulated an implant in the right atrial appendage via left subclavian
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FIGURE 1 Lead extraction test method set-up. Picture of the
Instron load frame used for lead extraction testing. Critical bending of
aright atrial lead implant with a superior vena cava/innominate
structure adhesion is demonstrated [Color figure can be viewed at
wileyonlinelibrary.com]

approach (Figure 1). Lead extraction preparation strategies and simu-
lated lead/scar attachment sites were evaluated. All leads underwent a
minimum 7-day soak in 37°C saline solution to simulate in vivo polymer

and adhesive softening.’

2.1 | Helix retraction

This portion of the study was created to evaluate the use of a various
locking and non-locking stylets to aid in helix retraction. The INGEVITY
lead was placed into an anatomical pathway simulated by a three-
dimensional silicone heart model (Figure A1) submerged in a heated
bath at 37°C.

In the simulated anatomical pathway with the lead tip in the right
atrium and a fully extended helix, lead pathway tortuosity was added
to challenge the lead extension/retraction mechanism. First a sharp
bend on the lead at the junction between the subclavian and brachio-
cephalic veins; and in some test scenarios, an additional U-shaped bend
was added to the proximal lead end. Helix retraction attempts were
conducted using various locking and non-locking stylet types, with and
without the proximal bend.

For each test, lead samples were prepared by removing the lead
terminal pin and exposing the proximal 2.5 cm of inner coil. Locking
and non-locking stylets were inserted and, if applicable, locked within
the lead with a fully extended helix. A hemostat was tightly clamped
over the lead inner coil and stylet. Using the hemostat, the lead coil
and stylet were turned counterclockwise in unison. Rotations were

counted until the lead helix had fully retracted.


http://www.bostonscientific.com/en-US/pprc/product-performance-report.html
http://www.bostonscientific.com/en-US/pprc/product-performance-report.html

VATTEROTT ET AL.

22 | WILEY

TABLE 1

Lead preparation variables for experiments with a typical superior access lead extraction

Typical lead extraction procedure (no femoral work station)

Lead preparation input

variables Conditions

Lead terminal * Terminal cut and removed
e Terminal retained

Locking stylets ¢ LLD:LLD-2 and LLD-EZ (Philips Healthcare, Amsterdam, Netherlands)
* Liberator Beacon Tip Locking Stylet (Cook Medical, Bloomington, IN, USA)
* No locking stylet

Suture ligature to the lead body * Fiberwire (Arthrex Inc., Naples, FL, USA)
* None

Lead binding mechanism ¢ One-Tie Compression Coil (Cook Medical, Bloomington, IN, USA)
* None

TABLE 2 Lead preparation variables for experiments with a superior access lead extraction and femoral work station
Lead extraction procedure including femoral work station
Lead preparation input variables Conditions
Locking stylets * LLD-2
* Liberator Beacon Tip Locking Stylet
Location of snare attachment (for counter-traction rail + Attached 0.5 inch (1.27 cm) proximal from the anode ring
support, still using a subclavian extraction method) + Attached 1inch (2.54 cm) proximal from the anode ring
+ Attached 2 inch (5.08 cm) proximal from the anode ring
Femoral catheter used * Retractioninto the outer catheter
* Retractioninto the inner catheter
2.2 | Lead extraction ure. With each component failure the location was identified by video

Testing was completed using methods to simulate three unique
anatomical attachment sites and extraction approaches. The first eval-
uated an extraction from a superior approach with only attachment
at the myocardial lead tip. The second simulated a superior extraction
approach as well when a portion of the lead body is attached to the SVC
(Superior Vena Cava)/Innominate in addition to lead tip attachment.
And finally, a condition with a combined superior-inferior approach
with two sites of attachment (SVC/innominate and snare). Counter-
traction is applied to the tip of the lead using a snare from an infe-
rior/femoral approach. See Appendix A for further details.

Using the two-dimensional test set-up shown in Figure 1, the dis-
placement (distance traveled) of lead components and load (force
applied) to the INGEVITY lead during extraction was measured
with an Instron Universal Testing System (Instron, Norwood, MA,
USA).

To perform the experiment, the distal end of the lead was clamped to
prevent movement, simulating adhesion to the myocardium or attach-
ment to the snare. On the proximal end of the lead the locking stylet
and/or suture were clamped together into the load cell to pull equally
during the simulated extraction. Low friction pulleys were used to guide
the lead through the anatomical model. The proximal end of the lead

was pulled at a constant rate, 25.4 cm/min, until catastrophic lead fail-

monitoring and corresponding load recorded.
Several lead preparation methods were used to complete the
designed experiment as described in Table 1 and Table 2. Further

description in Appendix A.

3 | STATISTICS

Due to the complex level of interactions that occur during a lead extrac-
tion, along with binary aspects such as whether the lead terminal is
removed, a Design of Experiment (DOE) methodology was used to vary
preparation strategies and measure the resultant lead strength in sim-
ulated lead extraction. Combinations of each lead preparation variable
were performed (Tables 1 and 2). DOE allows for the simultaneous
study of the effects that several factors may have on a process, simulta-
neously allows for the study of interactions between the factors and is
more efficient in terms of time and cost than varying a single factor at a
time.®

A full factorial designed experiment was used to assess all combi-
nations of input variables within the Tip Only Attachment Method in
a designed experiment with the primary response of maximum load.
Additional runs were added to investigate additional observations such
as PU degradation and influence of SVC Scar attachment. The design
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FIGURE 2 Helixretraction turn count
testing results. Test results for helix retraction
turn count testing by stylet type and test
condition [Color figure can be viewed at
wileyonlinelibrary.com]

Number of Turns to Retract

Challenge Condition

Stylet Type

model was created by eliminating terms with statistical significance p-
value > .05. The full model contained all main effects and two factor

interactions.

4 | RESULTS

4.1 | Helix retraction testing

The INGEVITY single filar design provided limited torque transfer
down the coil to retract a deployed screw simulating a chronically
implanted lead. Retracting the helix under nominal conditions (no prox-
imal bend applied) required 37, 23, 39, and 6 counterclockwise turns
when using the prepackaged stylet, no stylet, deployed Liberator (Cook
Medical, Bloomington, IN, USA), and deployed LLD#2 (Philips Health-
care, Amsterdam, Netherlands), respectively. During challenge condi-
tions, the helix could not be retracted after 40 turns for the prepack-
aged stylet or when using no stylet as shown in Figure 2. The LLD#2
was able to successfully retract the helix in the challenge test condition
but required 17 turns. The Liberator stylet was not challenge tested
because of its high turn count in the nominal test.

4.2 | Lead extraction testing

4.2.1 | Tip only attachment

To describe the force applied to the lead during this testing, Figure 3
provides a typical INGEVITY extendable/retractable lead test with a
Cook Liberator lead locking stylet in place (Cook One-tie and Suture
used) undergoing traction. Critical is understanding which lead compo-
nents bear the traction load and at what force the lead components fail.
In Figure 3, at the start of the pull the ETFE (ethylene tetrafluoroethy-

lene) insulation pulls away from the lead’s distal coupler at approxi-

Helix Retraction Testing
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mately 2.5 |b (1.13 kg) and the flexible neck then breaks at approxi-
mately 3.5 Ib (1.59 kg), corresponding to the maximum load observed
during the simulated extraction. After which, the load reduces substan-
tially as the single filar inner coil bears the brunt of traction forces and
begins to stretch, unwind, and become “un-locked” from the locking
stylet distal end. After stretching and unwinding the inner coil fails at
approximately 2.25 Ib (1.02 kg).

Maximum forces for various test conditions are shown in Table 3 and
Table 4. The only statistically significant factor found influencing max-
imum load was leaving the terminal pin on the lead (p-value = .0007).
A trend to increased strength was observed if the Cook One-Tie (Cook
Medical, Bloomington, IN, USA) was used with a Liberator stylet; how-
ever this was not present with the LLD#2 stylet. The influence of lock-
ing stylet type and the suture material used resulted in no statistically
significant influence (increase or decrease) to the maximum load of the
lead/extraction system.

In one test case the terminal boot broke during testing when the ter-
minal was left intact and no suture material was used. This suggests a
suture ligature on the proximal lead insulation may maintain control of

the lead insulation under challenging circumstances.

422 | Tip + SVC (superior vena cava)/innominate
scar attachment

The mechanism of lead loading was substantially different in tests
simulating a lead with SVC/Innominate tissue attachment, as shown
in Figure 4. Attachment in the level of the SVC/Innominate vein
resulted in initial loading on the polyurethane outer insulation pro-
viding a stronger support followed by loading of the inner coil once
the polyurethane body failed. However, the maximum force was highly
dependent on insulation integrity, as a nick or tear quickly propagated
to a full breach, as shown with the red line in Figure 4. The maximum

load achieved when the polyurethane outer insulation was in pristine
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/DISTAL TIP HOUSING
INNER COIL FRACTURE @ COUPLER

ETFE

FLEXIBLE NECK

ANODE

®

4

Load (lbf)

ETFE Pulls away from coupler
Flexible neck breaks

(Test specimen in two pieces)

Inner coil binds on locking stylet

Inner coil loading

Inner coil unwinding from locking stylet distal end

Inner Coil fails

Inner coil loads

0 10

Tensile Extension (in)

20 30

FIGURE 3 Example test result. Example of results from tensile test to failure for “attached only at the tip” test scenario (INGEVITY 52 cm lead,
Cook Liberator locking stylet, terminal cut off of lead, suture and Cook One-Tie used). (A) Shows drawing of INGEVITY lead tip after load has been
applied causing the inner components to stretch and fracture. (B) Shows the force versus displacement curve with labels of various component
failures during the test [Color figure can be viewed at wileyonlinelibrary.com]

condition was ~8 Ib (3.63 kg) compared to only ~4.8 |b (2.18 kg) when
compromised by a small cut/nick in the insulation (p-value = .025).
There was no statistically significant influence of the terminal con-
dition (cut off or intact) or type of locking stylet used as it related to the
maximum load the lead/extraction system was able to achieve.

42.3 | Combined superior-inferior approach
The combined superior-inferior approach provided a strong rail when
the snare was able to engage a section of the lead with a locking stylet
locked within.

An example of high tensile strength and low elongation using
this technique is shown in Figure 5; a typical INGEVITY lead test
with a Philips LLD EZ lead locking stylet in place (Suture is used,

One-Tie is not used) undergoing traction with a Needle’'s Eye Snare

(Cook Medical, IN, USA, Model G26517) through the provided sheath
attached ~5 cm proximal to the lead’s anode. The Needle’s Eye sys-
tem provided includes both and inner and outer sheath. The lead
was prolapsed into the inner sheath ~1.5 cm. At the start of the
pull the force of traction escalates to ~10 Ib (4.54 kg) when slight
stretch and un-winding occurs followed by a sharp rise in force to
~13 |b (5.90 kg) and the distal end of the locking stylet breaks
away.

The location of snare attachment, and the sheath system the lead
was retracted into (inner vs. outer sheath of the Needle Eye Snare)
were both significant factors. To achieve maximum rail force the lead
was snared over the actively locking portion of the locking stylet near
the lead tip (measured ~5 cm proximal to the lead’s anode) and pro-
lapsed into the snare inner sheath, this resulted in kinking of the locking
stylet. Prolapsing a lead within the outer sheath failed to provide the

critical kink necessary to stabilize the lead. With these test conditions
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INGEVITY Lead Extraction with Tip and Innominate Tissue Attachment
Influence of damage to polyurethane lead body insulation

Load (Ibf)

— Pristine PU
------- Damaged PU

‘Extension (inches)

FIGURE 4 Comparison of damaged and nondamaged Polyurethane Body Tubing in SVC/innominate scar and tip attachment model. Load
versus Extension plots of test cases with scar attachment at the lead tip and within the Superior Vena Cava/Innominate structures. The Black line
includes data for a sample without damage to the polyurethane body tubing. The red dotted line includes data for a sample with damage to the
polyurethane body tubing illustrating early PU failure and subsequent inner coil failure [Color figure can be viewed at wileyonlinelibrary.com]

forces of ~13 Ibf (5.90 kg) and ~16 Ibf (7.26 kg) were achieved using
the Philips and Cook locking stylets, respectively, with ultimate failure
occurring when the lead locking stylets broke. In test cases when the
snaring occurred over the non-active portion of the locking stylet or
the lead was prolapsed into the outer catheter forces between ~6 Ib
(2.72 kg) and ~8 Ib (3.63 kg) were observed, Figure 6.

5 | DISCUSSION

CIED lead implantation initiates a fibrous growth process that often
results in binding sites along the intravascular path and at the electrode
myocardial interface.”® Scar tissue matures over time from a soft to a
more solidified and often calcified scar.® Significant adhesions require
more forceful maneuvers with the extraction tools and as a result,
increase risk for perforation of vascular and/or cardiac tissue.?~12 Criti-
cal to the removal of chronically implanted CIED leads is a stable rail for
the extraction tool to traverse over. That rail consists of the lead and a
locking stylet deployed within.

The test method of “Tip Only Attachment” best reflects the
INGEVITY lead failure mechanism. Traction forces initially load the
ETFE tubing internal to the lead body until the ETFE detaches from the

lead’s distal coupler component and then switches to loading the single

filar coil. The single filar response to load bearing initially is significant
stretch and tensile loads transition to the lead’s silicone flexible neck
between the lead’s cathode and anode electrodes and polyurethane
lead body insulation. These two outer insulation components are con-
nected in series, the silicone is the weaker material. Ultimate failure
of the insulation occurs within the lead’s silicone flexible neck. At this
point only the single filar inner coil is attached and will continue to
stretch significantly until inner coil failure and the lead is separated into
two pieces.

This component failure begins at ~2.5 Ibs of traction with the great-
est traction force tolerated before failure of under ~3.5 Ibs. Observa-
tional data from the Philips (Philips Healthcare, Amsterdam, Nether-
lands) lead extraction simulator, used in physician training, demon-
strates that the average extractor measured traction “pull” force varies
between ~3 and ~8 Ibs (1.36 to 3.63 kg) (personal communication).
Thus, the integrity of the INGEVITY lead experiences component fail-
ure with forces on the low end of typical range for extraction. By com-
parison a traditional pacemaker lead design with a multi-filar inner coil
has less capability to stretch, can bear higher loads, and will bear load
more quickly when stressed as compared to a single-filar coil of similar
material and geometry. This results in less load bearing by any insula-
tion and forces are tolerated by the stronger inner conductor coil and

associated joints.
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FIGURE 5 Lead extraction with the use of a fully engaged Snare. Force versus displacement curve using a fully engaged (see text) Needle Eye

Snare. Traction force is borne by the locking stylet and the snare. Failure occurs at maximum force (13 Ibs) when the locking stylet breaks [Color

figure can be viewed at wileyonlinelibrary.com]

FIGURE 6 Testdatausingacombined
inferior-superior approach. Maximum Force
data plotted for all snare test cases. Two
findings are demonstrated. (1) The blue solid
circles demonstrate when a Needle Eye Snare
is placed distally on the lead (only 1.27 cm [0.5
inch] proximal to the anode) less force is
required before lead component failure than a
more proximal snare position (5.08 cm [2.0
inch]). Original testing conducted in units of
inches for snare location. Traction forces of 13
Ibs or greater were tolerated prior to locking
stylet failure. (2) The engagement of the
locking stylet within the inner sheath is critical
(Blue open circle versus red diamonds). Pulling
the lead/locking stylet into the inner sheath
results in kinking the stylet and firmly engages
the locking stylet as part of the extraction rail
[Color figure can be viewed at
wileyonlinelibrary.com]

Before attempting to free the lead tip, the procedural physician
may attempt retraction of a deployed pacemaker lead helix sparing
lead components the traction force required to straighten an extended
helix. It is difficult to retract a chronically implanted INGEVITY lead
deployed helix due to inadequate torque delivery along the single filar
coil. In this study we were able to retract the extended screw using a
counterclockwise rotation of a deployed locking stylet in combination
with the single inner coil filar. This was most successful when rotat-
ing in unison the inner coil and the locking stylet with the terminal pin
intact. The Philips LLD #2 stylet was found to be superior (Figure 3)
which may be due to the design difference between the Philips LLD#2
and the Cook liberator (Cook Medical, Bloomington, IN). The Philips
LLD#2 locks throughout the entire lead length; whereas, the Cook Lib-
erator locks near the distal portion. An even and effective transfer of

Stylet Type

Snare Location (cm)
(Proxinal to Lead Ancde)

Needle Eye Snare Test - Maximum Force During Extraction

16 .

Max Force (Ib)

2 "Blue Solid Circle = PU Tubing Break @ Snare (inner sheath used)

{Blue Open Circle = PU Tubing Break @ Snare (outer sheath used)

o \Red diamond = Locking Stylet Break @ Snare (inner sheathused) |
Philips Cook Philips Cook
1.27 5.08

energy down the inner coil is accomplished by counter clockwise turn-
ing in unison the connector pin and a locking stylet engaged the entire
lead length. As shown in our testing this transfer of energy retracts an
extended screw.

During preparation of the lead rail, traditional lead extraction
techniques involve removing the terminal lead portion. This study
demonstrated that retention of the INGEVITY terminal lead end
resulted in an increase in lead tensile strength. Retaining the ter-
minal end provides a backstop to coil stretch and enables engaging
the lead insulation for load sharing. In clinical practice, this method
will require upsizing the extraction sheath as the IS-1 terminal pin
is 9.6 Fr. This translates from a change of a 9 to 11 Fr Cook Evo-
lution or Philips Tightrail extraction cutting sheaths and from a 12
to a 14 Fr Philips laser sheath. Additional shaving off terminal seals
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TABLE 4 Results from traction testing using an inferior approach

Snare attachment
proximal to anode

ring

Adhesion in the

SvC
NO
NO
NO
NO
NO
NO
NO
YES
YES
YES
YES

Maximum load (Ibf)

8.26
6.89
6.63

Suture used Lead binding

Locking stylet

Traction approach

Test run

Fiberwire One-Tie

Liberator

2.54cm

Superior

VATTEROTT ET AL.

Fiberwire One-Tie

Liberator
LLD

5.08 cm

Superior

None

Fiberwire

2.54cm

Superior

13.05
16.22
6.25
7.65
8.42

None

Fiberwire

5.08 cm LLD

Superior

5.08 cm Liberator Fiberwire One-Tie

Superior

Fiberwire One-Tie

Liberator
LLD

1.27cm

Superior

None

Fiberwire

1.27 cm

Superior

Fiberwire One-Tie

Liberator

2.54cm

Superior

15.22
13.59

One-Tie
10.25

Fiberwire

Liberator
LLD

5.08 cm

Superior

None

Fiberwire

2.54cm

Superior

5.08 cm LLD Fiberwire None

Superior

allows a reduction in friction between lead and extraction sheath
lumen.

Of great interest is the effect of scar adherence to the forces dis-
tributed along the lead body. In this model, adherent scar participates
in load bearing thus reducing the immediate loading on lead compo-
nents distal to that scar, thus protecting those components. Scar and
insulation bear the traction load until the lead insulation stretches or
the adhesion is removed. Loading is then transferred to distal lead
components. However, this study also found that a small defect in the
polyurethane tubing significantly reduced the outer insulation load
bearing ability leading to lead failure at that insulation damage site.
Thus, a dichotomy exists where scar can add strength to the lead
extraction rail but any insulation damage during an extraction removal
of that scar results in loss of integrity of the extraction rail at the dam-
aged location. These findings challenge the extractor to be aware of this
finding and protect insulation during lead removal by possible changes
intechnique, taking care during suture sleeve removal, tool choice, tool
size and lead removal sequence.

A multi-venous approach, stabilizing a lead with the use of a femoral
snare, offered the strongest rail. Snaring a locking stylet within the
INGEVITY lead effectively transformed the locking stylet into the
extraction rail, allowing the locking stylet to bear tensile loading. Such
a rail was capable of 13-16 Ib (7.26 kg) of traction (Figure 5) before
the locking stylet itself fails. Three issues are critical to effective use
of a snared locking stylet as a rail. First, the snare must be deployed
on the pacing lead at a location proximal to where the locking stylet
has locked. Secondly, the snare must effectively engage the locking
stylet. Multiple layers of insulation can prevent a firm snare and lock-
ing stylet engagement, kinking the stylet within the inner sheath is
critical to success. This was accomplished by retracting the lead and
locking stylet into the Cook femoral station inner sheath (Figure 7).
Without firm engagement of the locking stylet, the Needle’s Eye Snare
is not able to fully retain the locking stylet allowing it to slide back
through the lead body. Lead components then pull apart from one-
another resulting in a lower traction force achieved prior to lead fail-
ure. Thirdly, this technique requires equal traction from both the prox-
imal and femoral approaches. Attempting to remove the lead from one
direction alone will result in the same coil stretch and lead component
failure described above. Thus, the approach of stabilizing the lead from
both above and below would allow advancement of a extraction tool
over a stable rail.

Current tools for snaring are limited by lack of adjustable curves,
lack of a secondary articulation for clockwise and counter-clockwise
movement, large sizes of the snaring mechanism and requirement of
pulling the snared lead/stylet into a sheath. However, this technique
can be applicable in any situation where the required forces of extrac-

tion exceed the tensile strength of a lead.

6 | LIMITATIONS

The model used here is an atrial lead model, not ventricular. However,

we believe the concepts presented will apply to INGEVITY leads placed
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FIGURE 7 Demonstration of the snaring technique. (A) Needle
Eye Snare is used to snare the lead (A) and create a substantially harsh
kink in the lead, driving the lead body to ~180-degree bend, and
prolapse the lead fully into the inner sheath of the snare. (B)
Fluoroscopic image (C) demonstrating the snare’s firm grip and harsh
kink anchoring the distal lead. The locking stylet provides support for
an effective extraction rail [Color figure can be viewed at
wileyonlinelibrary.com]

in the ventricle. These lead evaluations were not done in human sub-
jects for obvious reasons and their applicability to extraction of chron-
ically implanted leads remains to be evaluated. Only a small number
of experiments were done with each configuration, however the DOE
(Design Of Experiment) test approach and statistical analysis are capa-
ble of identifying statistically significant results, and we believe manu-
facturing consistency allows valid results with a small number of leads
tested. We accept that in this model scar was a binary element which is
not atrue patient model where there are varying degrees of scar adher-
ence. Lead-lead adherence was also not discussed. Lastly this model
was not designed or vetted to be an industry standard but developed
as a technique to aid the understanding of best practice for extraction
of INGEVITY leads.

7 | CONCLUSION

Knowledge gained from the use of an in vitro model simulating atrial
lead extraction forces provides insight for extraction of INGEVITY
leads. Our recommendations are based on the results of this study.
We found that not removing but rather preserving the lead termi-

nal pin provides the most benefit above all other factors tested short

of femoral snaring. Further, it was found easier to retract a deployed
screw with a Philips locking stylet.

Scar on a lead works in conjunction with the lead body insulation.
When scar firmly binds to a lead the maximum applied traction forces
are considerably higher before any major break than without scar
attachment. However, damage to the polyurethane body tubing dra-
matically reduces the traction force capable before further INGEVITY
lead degradation.

Overall, in this testing, the greatest chance to maintain and preserve
lead integrity was obtained by creating a firm rail between a femorally
snared locking stylet within the distal end of the INGEVITY lead and
the proximal end of the lead. Lead removal could then be accomplished

from a superior approach.
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