eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Endovascular
JJJJJJJJ TODAY -

DPTIMIZING

=== THE VASCULAR ACCESS

CIRCUIT

BRINGING LONG-TERM VALUE TO AV ACCESS
CREATION AND INTERVENTION




= TABLE OF




CONTENTS =<

4 Undersizing to the Outflow Vein
Technique and considerations in deployment of the GORE® VIABAHN® Endoprosthesis
at the venous anastomosis of dialysis access arteriovenous grafts.
By Daniel V. Patel, MD, FASDIN

9 Stent Grafts: An Important Tool in Today's Dialysis Treatment Algorithm
Two dialysis experts discuss their approach to access challenges.
With John R. Ross, MD, and Ziv J. Haskal, MD, FSIR, FAHA, FACR

14  GORE® VIABAHN® Endoprosthesis Flexibility Across the Elbow
Maintaining mechanical integrity in this region is critical for optimal outcomes in
dialysis access.
By Dheeraj Rajan, MD, FRCPC, FSIR, FACR

17 The Pathophysiology of Arteriovenous Graft Thrombosis and Stenosis
Understanding the underlying challenges of an optimal access site.
With Mitchell Henry, MD

20 Strategies for Approaching Vascular Graft Thrombectomy
Insights on the best tactics for declotting arteriovenous grafts.
With Scott 0. Trerotola, MD

VOL.17, NO. 6 JUNE 2018 SUPPLEMENT TO ENDOVASCULAR TODAY 3



Sponsored by Gore & Associates

Undersizing to the Qutflow Vein

Technique and considerations in deployment of the GORE®” VIABAHN® Endoprosthesis at the venous

anastomosis of dialysis access arteriovenous grafts.

BY DANIEL V. PATEL, MD, FASDIN

n the era of Fistula First, we have seen a dramatic decrease

in the prevalence of arteriovenous grafts (AVGs) in dialysis

access; however, AVGs are still essential for dialysis access

in patients in whom a fistula is not possible. For this
challenging patient population, the use of stent grafts at
the venous anastomosis has transformed management of
dysfunctional dialysis access grafts. The venous anastomosis
has been the Achilles heel of AVGs, where aggressive
neointimal hyperplasia leads to stenosis and graft thrombosis.
Although primary treatment with angioplasty had been
the therapy of choice in the past, more recent studies have
shown the superiority of stent graft placement at the venous
anastomosis as a more durable treatment choice.>

This article presents a case of venous anastomosis
stenosis, with particular attention to practical
considerations in deploying the GORE® VIABAHN®
Endoprosthesis at the venous anastomosis of an AVG with
a larger-diameter outflow vein.

CASE PRESENTATION
A 60-year-old man with a history of hypertension
resulting in end-stage renal disease presented with
decreased clearances at dialysis. He had a left brachial artery
to axillary vein 6 mm expanded polytetrafluoroethylene
(ePTFE) AVG placed 1 year prior to presentation. Six
months earlier, endovascular thrombectomy with
angioplasty at the venous
anastomosis was performed at an
outside institution. He presented
to our center with a recent
history of prolonged bleeding
after needle removal at dialysis
(> 20-30 minutes) and elevated
venous pressures on dialysis. Upon
clinical examination, a pulsatile
graft was present. A preprocedural
Doppler study suggested a stenosis
at the venous anastomosis. Of note,
the draining axillary vein proximal
to the anastomosis measured 9 to
11 mm in diameter.
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Figure 1. Left brachial artery to axillary vein AVG. Note the graft
in orange and the outflow vein in blue. The arrow demonstrates
the site of venous anastomosis stenosis.

An angiogram revealed a high-grade stricture at the
venous anastomosis of the graft (Figure 1). An 8 mm x
8 cm BARD® VACCESS® Angioplasty Balloon was used to
dilate the venous anastomosis of the graft, with a waist
noted at the venous anastomosis before full balloon
effacement (Figure 2). After angioplasty of the lesion,
ongoing significant recoil remained (Figure 3).

Given the data supporting advantages of stent graft
placement over balloon angioplasty at the venous

Figure 2. Angioplasty performed with an 8 mm x 8 cm balloon at the venous anastomosis.
Note the waist seen at the junction of the venous anastomosis and outflow vein prior to
full balloon effacement.



Figure 3. Recoil at the venous anastomosis postangioplasty.

anastomosis, as well as with recoil postangioplasty,

the decision was made to place a GORE VIABAHN
Endoprosthesis at the venous anastomosis stenosis.* After
dilation with balloon angioplasty, the graft measured
approximately 7 mm in diameter, so an 8 mm x 10 cm
GORE VIABAHN Endoprosthesis was deployed at the
venous anastomosis lesion and further postdilated with
the 8 mm balloon (Figure 4). Postprocedure, the patient
regained a strong thrill in the access. Venous pressures and
clearances improved at dialysis, with bleeding times at < 5
minutes after needle removal. At 6 months postprocedure,
the patient has required no further interventions and
maintains access use at dialysis.

ANGIOPLASTY OF VENOUS ANASTOMOSIS
STENOSIS

Angioplasty remains as a key component of venous
anastomosis lesion management. The challenge of
angioplasty here is the need to manage the difference
of diameters between the graft and the outflow vein. In
our practice, we often see 6 mm straight ePTFE used for
AV access grafts. The draining outflow vein size can be
variable, ranging from 5 to 6 mm to 14 mm or larger; this is
contingent on the ability of the vein to further dilate after
AVG placement. In general, we tend to see larger-diameter
draining veins proximal to the venous anastomosis.

Our approach to balloon angioplasty sizing targets
matching the diameter of the larger outflow vein.
For 6 mm ePTFE grafts, we usually treat the venous
anastomosis with a 7 to 8 mm percutaneous transluminal
angioplasty (PTA) balloon. Although the balloon size is
larger than the 6 mm ePTFE segment, we have noted no
significant ePTFE dysfunction with using 8 mm balloons
at the 6 mm ePTFE graft. This is due to the elastic nature
of the ePTFE material. When the vein is larger (9-12 mm
in diameter), we use 8 to 9 mm PTA balloons. We have
limited the use of larger 10 to 12 mm diameter balloons at
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Figure 4. Deployment of an 8 mm x 10 cm GORE® VIABAHN®
Endoprosthesis at the venous anastomosis (A, B). Note the
extension of the proximal edge into the draining axillary

vein. Representation of the GORE® VIABAHN® Endoprosthesis
(orange) with the proximal edge floating into the larger-caliber
outflow vein (blue) (C).

6 mm grafts, with concerns for potential graft trauma with
larger-diameter balloons. The general concept is to dilate
the site of stenosis as large as possible, without unnecessary
trauma to the graft.
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Figure 5. Depiction of venous anastomosis GORE® VIABAHN®
Endoprosthesis placement at a larger-diameter outflow vein.

We also encounter bovine grafts and tapered grafts with
venous anastomosis lesions. Although the bovine grafts
have the ability to dilate and expand over time, we have
been cautious with significantly oversizing PTA balloons
at the bovine graft material, with concerns of damage to
the bovine graft segment. In these cases, we generally avoid
balloon dilation > 2 mm over the graft diameter at the
venous anastomosis. When considering 4 to 7 mm tapered
AVGs, we generally approach angioplasty with an 8 or 9
mm PTA balloon at the 7 mm venous anastomosis.

The known shortfall of venous anastomosis angioplasty
is the ability to maintain a durable result. Multiple
randomized controlled trials have shown the superiority
of venous anastomosis management with stent grafts over
balloon angioplasty. Although angioplasty is a necessary
step in treating venous anastomosis stenosis, established
data now supports further stent graft placement as
primary treatment.

SIZING CONSIDERATIONS WITH VENOUS
ANASTOMOSIS STENT GRAFT PLACEMENT
Diameter

We follow the diameter selection guidelines found in
the instructions for use, which recommend oversizing
the device 5% to 20% to the size of the target vessel. We
generally anchor at least 2 to 4 cm of the GORE VIABAHN
Endoprosthesis within the graft and allow the proximal
end to freely float in the outflow vein (Figures 5-7). Proper
device oversizing and landing zone selection within the
graft combine to securely anchor the distal segment of the
GORE VIABAHN Endoprosthesis within the graft while
maintaining proper flow dynamics.

Planning Length and Deployment Position

Choice of stent graft length is essential to success in
long-term venous anastomosis treatment. The goal is
to create an outflow conduit that will decrease future
neointimal hyperplasia development. Attention must be
paid to the desired location for the proximal edge of the
stent graft.

Placement of a stent graft at the venous anastomosis
creates a new, more proximal (central) venous
anastomosis. The proximal edge of the newly placed stent
graft becomes the “new” venous anastomosis of the graft.
This may instigate development of upstream neointimal
hyperplasia, with the more proximal draining vein now in
closer proximity to the high flows from the access.

As described in the case, we identify larger-diameter
veins proximal to the venous anastomosis. A stent graft
serves as a conduit leading from the graft through the site
of venous anastomosis stenosis and neointimal hyperplasia
to the larger-diameter outflow vein. This allows exclusion

Figure 6. Doppler image of the proximal edge of an 8 mm
GORE® VIABAHN® Endoprosthesis floating in a larger-caliber
outflow vein.

6 JUNE 2018

Figure 7. Intravascular ultrasound image of the proximal
edge of an 8 mm diameter GORE® VIABAHN® Endoprosthesis
(orange) floating in a 12 mm diameter outflow vein (blue).
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Venous anastomosis stenosis

4 months later

1 year later

Patent access and stent-grafts

Figure 8. Right upper arm brachial-axillary AVG with high-grade venous anastomosis (A). The patient was treated with
angioplasty and placement of an 8 mm x 5 cm GORE® VIABAHN® Endoprosthesis at the venous anastomosis (B). A small venous
valve was seen at the time, with no interference with access flow (purple arrow). Four months later, the patient presented with
elevated venous pressures. A high-grade stenosis was seen at the site of the venous valve (C). This stenosis was further treated
with a second 8 mm x 5 cm GORE® VIABAHN® Endoprosthesis (D, E). One year later, the graft remained patent with no further

intervention necessary (F, G).

of the neointimal hyperplasia from the access while
providing long-term radial support at the site of stenosis.
The overall goal is to create a bypass from the graft to a
healthy, suitable vein. A longer-length stent graft (10 cm)
was necessary in this case to create a conduit to the larger
axillary vein.

Venous valves must also be recognized when planning
for placement of stent grafts. These valves may develop
aggressive stenosis and thrombosis if they are within
several centimeters of the proximal edge of a venous
anastomosis stent graft (Figure 8). We target placement
of the proximal edge of stent grafts through any adjacent

venous valves, leading to the larger-diameter draining vein.

This excludes the valves from the higher flow through the
graft, which minimizes the risk of valve associated venous
anastomosis stenosis.’

Of note, in this case, the distal end of the 10 cm long
GORE VIABAHN Endoprosthesis extended 5 cm within
the graft but was not in the cannulation areas. Stent graft

placement in cannulation areas should be avoided as much
as possible to decrease risk of infection.®

Wall Apposition Versus Undersizing to the Larger-
Diameter Outflow Vein

Computational fluid dynamic studies have supported
the concept that direct venous anastomosis vessel wall
apposition can lead to higher shear stresses at the draining
outflow vein (Figure 9).” This high blood flow and shear
stress can lead to development of neointimal hyperplasia
at the draining vein.#®

To minimize future issues of edge stenosis and
neointimal hyperplasia development at the draining vein,
the proximal edge of the stent graft should have minimal
venous vessel wall contact. The goal is to deploy the
proximal edge of the smaller-diameter stent graft within
a larger-diameter outflow vein. This “elephant trunk”
technique allows the GORE VIABAHN Endoprosthesis to
lie in the outflow vein without vessel wall apposition.
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Figure 9. Computational flow dynamic studies of wall shear
stress at four representative time points of the cardiac cycle:
without wall apposition (A) and with wall apposition (B).

Note higher shear stresses (red) at outflow vessel when wall
apposition is present. Reproduced from Ross JR. Stent-graft
sizing for AV access creation and revision procedures. Endovasc
Today. 2014;13(6 suppl):21.

TABLE 1. DEVICE APPOSITION RELATIVE TO
THE OUTFLOW VEIN

6-Month Outcomes Undersized*

Apposed!”

Target lesion 62% 47%
primary patency

Circuit primary 48% 41%
patency

Note: Outflow wall apposition is not necessary for quality outcomes. Six-
month outcomes from the Gore REVISE Clinical Study demonstrate that
GORE® VIABAHN® Endoprosthesis achieves quality outcomes regardless of
whether the device is apposed or undersized to the outflow vein. The GORE®
VIABAHN® Endoprosthesis should always be sized 5% to 20% greater than
the AVG diameter per the instructions for use.

*The difference between the diameter of the vein and device is > 1 mm.
'The difference between the diameter of the vein and device is < 1 mm. Data
on file.

Courtesy of Gore & Associates.

Findings from the Gore REVISE Clinical Study further
support the advantages of undersizing the proximal edge of
the GORE VIABAHN Endoprosthesis. A > 1 mm difference
in vein diameter between the stent graft and the larger-
diameter outflow vein resulted in higher 6 month patency
(Table 1).

In the case presentation, the proximal edge of the GORE
VIABAHN Endoprosthesis was placed at the large-caliber
draining axillary vein. This bypassed areas of luminal
narrowing and stenosis, creating a direct conduit from
the graft to the large-caliber outflow vein (Figure 4C). The
smaller-diameter outflow vein segments were excluded
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from the stresses of the higher blood flow from the graft,
effectively reducing the risk of future stenosis development.

The relative undersizing of the proximal portion of the
stent graft allows for permissive mobility of the stent graft
within the larger-diameter outflow vessel. This undersized
proximal part of the stent graft has minimal contact with
the vessel wall (Figures 6 and 7).

UNIQUE PROPERTIES OF THE GORE VIABAHN
ENDOPROSTHESIS

As a flexible device with full end-to-end ePTFE lining,
the GORE VIABAHN Endoprosthesis is unique in its ability
to treat venous anastomosis lesions. The self-expanding
support allows for maintained patency at this site of
recurrent stenosis. A key feature is the ability of the GORE
VIABAHN Endoprosthesis to stay dynamic and flexible
within the larger-caliber outflow vein. This flexibility
minimizes risks of kinking and access thrombosis as the
device follows the natural ability of vessels to bend and
contour with the body.

In this case, we undersized the diameter of the stent
graft to a larger outflow vein, minimizing the risk of future
stenosis and helping to maintain long-term access patency.
The patient previously had an episode of graft thrombosis
but has remained intervention-free over 6 months after
stent graft placement. This has been a revolution in
managing dysfunctional AVGs, providing for improved
access outcomes and quality of care in the end-stage renal
disease population. m
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Stent Grafts: An Important Tool in
Today's Dialysis Treatment Algorithm

Two dialysis experts discuss their approach to access challenges.

WITH JOHN R. ROSS, MD, AND ZIV J. HASKAL, MD, FSIR, FAHA, FACR

What are some of the common
challenges you face as a
physician when attempting to
preserve and extend the life of
a dialysis circuit?

Dr. Haskal: One is naturally having consistent and
durable solutions for patients with surgically created
permanent accesses. We know what to do with the
venous anastomoses of arteriovenous grafts (AVGs),
but how to provide similarly successful interventions
in native fistulae remains a problem. We cannot
support a care model wherein patients consistently
return for autoreinterventions when global periods of
reimbursement expire—we have to be better.

Another challenge is the persistent extended use of
tunneled catheters in patients. Working to drive down the
national use of catheters in patients awaiting access creation
will translate to fewer infections, central vein stenoses, and
the prototypical 25-year-old dialysis patient with end-stage
central vein occlusions we all see. Finally, we've got to get in
line and practice by evidence where evidence exists.

Dr. Ross: Graft-vein anastomosis is a recurrent problem,
and balloon angioplasty alone has not been rewarding in this
particular area. We are able to extend the life of that graft on
the outflow side tremendously using the GORE® VIABAHN®
Endoprosthesis. We also use the device in other areas, such as
across the elbow where nothing else has shown the durability
that we see with the GORE VIABAHN Endoprosthesis.

For those patients with reoccurring thrombosis,
how have stent grafts like the GORE VIABAHN
Endoprosthesis improved outcomes as a
treatment option?

Dr. Haskal: We now have multiple prospective
controlled trials proving the therapeutic and economic
value of prompt use of expanded polytetrafluoroethylene
(ePTFE) stent grafts in stenotic venous anastomoses. I'm
proud to have designed and published first and subsequent
work in this, so I'm a true believer. My randomized

controlled trials did not include placing stent grafts in
thrombosed grafts because we didn’t want to muddy

the early data. The Gore REVISE trial included such

patients and convincingly showed that a GORE VIABAHN
Endoprosthesis provides a better outcome over angioplasty
when treating a thrombosed graft, not just a stenotic one
(Table 1). So, | use stent grafts in just this way.

Dr. Ross: There are three reasons that grafts
thrombose, and they should be thought of as an inflow
failure, an outflow failure, or a conduit failure. Assuming
we don’t have an inflow failure or a conduit failure
(other than thrombosis), and it's only related to the
outflow, then in our experience, the GORE VIABAHN
Endoprosthesis seems to do an exceedingly good job in
maintaining patency for a much longer period of time
than simple balloon angioplasties and certainly better
than bare-metal stents (BMSs).

The data have shown stent graft improvements
over percutaneous transluminal angioplasty
(PTA), but what are your thoughts on drug-
coated balloons (DCBs) as a treatment option in
dialysis access?

Dr. Ross: Currently, we do not have convincing data on the
treatment of graft-vein anastomosis associated with DCBs.

Dr. Haskal: I'm excited by the prospects of DCBs in AV
access. I'm happy that we’ll see multiple prospective trials
appear with different balloons and drug doses. Replicative
studies are essential. Personally, | do believe there is a
real signal for drug effect in this application of DCBs. |
use them, but it’s the early days for this technology. Lead
papers need to appear in full publication, subanalyses
thereafter, and more real-world experience.

Regarding DCBs, what are your thoughts
about data that have shown decreasing levels
of improvement compared to traditional
angioplasty over time?
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TABLE 1. ADDITIONAL MEASURES OF EFFECTIVENESS AT 6 MONTHS TREND TOWARD IMPROVED PATENCY OF STENT GRAFTS

Prior interventions to target lesion

0 511(36) 439 (45) 4817 (36) 35.0 (45)
>1 53.8 (64) 29.2 (59) 40.7 (64) 252 (59)
Stenotic 64.6 (61) 458 (64) 49.7 (61) 359 (64)
Thrombosed 36.1(39) 235 (40) 34.2(39) 21.8 (40)
Crossed 724 (17) N/A 67.3 (17) N/A
Did not 492 (83) N/A 39.0 (83) N/A

Abbreviations: N/A, not applicable.

Percentages cited are the percentage of subjects out of the data available. Parentheses represent number of subjects available at 6-month time point.
Reprinted from Journal of Vascular Surgery, 64/5, Vesely T, DaVanzo W, Behrend T, et al,, Balloon angioplasty versus Viabahn stent graft for treatment of
failing or thrombosed prosthetic hemodialysis grafts, 1400-1410.e1, Copyright (2016), with permission from Elsevier.

Dr. Ross: DCBs have only completed one clinical trial.
There seems to be a positive signal that there may be a
future for DCBs in this area, but we need much larger
studies to quantify what DCBs will do at 12 or 24 months.
There seems to be some improvement over standard
angioplasty balloons, but compared to stent grafts (and
that’s where the comparison should be made), the benefit
of DCBs is not definitive.

The clinical trial on DCBs, of course, did not use them
with graft-vein anastomosis, only in fistulas. The graft-vein

anastomosis may be a different pathological process, and as

of now, we just don’t have any randomized controlled trial
data. We do have some individual data from sites around

the country that show much better results at the graft-vein

anastomosis in thrombosed grafts—assuming we can say
that the cause of the graft thrombosis was related to the
outflow stenosis. If someone misses a problem with the
inflow or doesn’t realize that there is a thrombogenic graft

and is treating the outflow, it reclots, but it has very little to

do with the outflow. If we know that it’s a stenosis at the
graft-vein anastamosis that is causing the thrombosis, then

certainly the GORE VIABAHN Endoprosthesis is enhancing
patency and lengthening the period of time before we have

a dysfunctional graft again (Table 1).!

Dr. Haskal: Here are some of the fundamental things
to keep in mind: the reliable “binary” effect of the ePTFE
stent graft in the AVG will never be matched by a DCB.
We are not converting an end-to-side anastomosis to a
laminar end-end one. We do not get the antirecoil effect
of the stent graft when a balloon is used, drug coated or
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not. That means that the DCB effect will always be weaker
and noisier, and may differ across anatomic areas. This
means that we have to set appropriate expectations for
DCBs. Significant improvement by DCBs over conventional
balloons may be less dramatic, but still be enough on
arteriovenous fistulae that stent graft may have little or

no role. There is no reason to believe that the anatomic
responses to PTA and drugs will be similar in a cephalic
arch as adjacent to the arterial anastomosis. It’s too early to
tease apart these essential details. Patience and enthusiasm
please, but neither blinded and unbridled, nor negative and
dismissive.

Why would one not consider a BMS in the case of
thrombosis?

Dr. Ross: BMSs have a tendency to get inside stent
stenosis. It is a very aggressive stenosis that takes place.
BMSs in veins, at least in AV access, seems to have gone
by the wayside now. Stent grafts are going to be a way to
actually prevent the recurrent stenosis. With BMSs, we
are trading one complication for another complication,
and the complication with a BMS may be greater than the
complication than had we simply used PTA. The better
outcome is going to be a covered stent.

Dr. Haskal: I've given a popular lecture entitled,
“Requiem for the Bare Stent in Hemodialysis Access.”
Thrombosis does not make a special case wherein a
BMS might still be preferable. Consider that there are
no modern controlled trials of BMSs against balloon
angioplasty in the AV access circuit, nor will there be.




There is no reason to hitch one’s product horse in a
multimillion dollar regulatory study that will fail to show
BMS advantage. The places for BMSs are few: central veins
where a stent is required and a stent graft is problematic
because of positioning challenges, jailing of traversed veins,
or other technical aspects.

Describe the importance of device flexibility in

situations where stent grafts are being used.
Dr. Ross: It is not infrequent that we place these devices

across joints. We have a tremendous amount of flexibility

with the GORE VIABAHN Endoprosthesis—we’ve used

it across the elbow joint and certainly in the axilla, and

I've never seen a fracture of a stent graft lattice in that

environment at all. | think that has to do with a protracted

patency.

Dr. Haskal: We need to be careful and specific when
discussing device flexibility. The “finger bending” test
we all do with a device handed to us is not a real test
of performance. That caveat aside, | absolutely believe
that flexibility matters, for example, at the antecubital
fossa. All experienced operators have witnessed it. A
flexible stent graft has unique benefit there, and | choose
devices specifically for that flexibility when placing stent
grafts there.

How do longer lesion lengths affect your
decision when it comes to appropriate
treatment?

Dr. Haskal: Stent grafts have allowed me to ignore
lesion length. Access stent graft trials have not shown
any patency impact with use of longer devices. This is
entirely unsurprising, as the length of a surgical access
graft does not directly impact patency—the quality
of the downstream veins is much more important.
This is the same in endovascular interventions. Twenty
centimeter long venous stenoses or occlusions can be
lined with ePTFE stent grafts and have truly long-term
patencies, as long as the inflow and outflow veins (ie, the
takeoff and landing strips) are of good caliber and free
of stenoses. I've been practicing this approach for more
than 8 years.

Dr. Ross: The longer the lesion, the greater the chance
of recurrence. Generally speaking, when we see these
long lesions, we're looking at what | call the adequate
outflow vein, which may be 10 or 12 cm away from a graft
vein anastomosis. Typically on long lesions, angioplasty
does very poorly, so we need another option. The GORE
VIABAHN Endoprosthesis allows us, particularly with these
long lesions, to reach far up.

Sponsored by Gore & Associates

How and where do you incorporate devices like
the GORE VIABAHN Endoprosthesis into your
treatment algorithms?

Dr. Ross: If we have a stenotic or occlusive lesion and
we have difficulty in getting across with the wire, | like to
put a stent graft there because the next time | may not
be able to get a wire across and we may lose the access.
Difficult wire passage certainly indicates to me that a
GORE VIABAHN Endoprosthesis would have its place
there.

If we have a long lesion, | think the GORE VIABAHN
Endoprosthesis is going to be the first time around.

If we have a stenosis that occurs early on after an

access has been placed, | tend to use GORE VIABAHN
Endoprostheses earlier, because the outcomes seem to be
much better than just simple angioplasties. Any time that
we are performing angioplasty, we always have a GORE
VIABAHN Endoprosthesis in the room, just in case.

Dr. Haskal: Stenotic and thrombosed AVG
anastomoses get stent grafts at initial meeting, unless
(rarely) anatomically suitable. | do not delay or deny a
patient the proven benefit of longer-term, better patency
and the fewer reinterventions that we can guarantee
with a stent graft. Cephalic arches move to stent grafts
only after repeated angioplasties; | don’t hesitate to place
flexible stent grafts thereafter. In-stent stenosis in BMSs
is treated with stent grafts. Degenerating or unresponsive
areas of native fistulae can benefit from stent grafts,
if balloon intervals are unsuitably short and surgical
alternatives are undesirable. Central vein lesions that
require a stent are treated with stent grafts, unless sizes
and anatomy aren’t suitable.

What is the importance of stent grafts like the
GORE VIABAHN Endoprosthesis as it relates to
the changing health care environment?

Dr. Haskal: Here’s some perspective: before stent
grafts, angioplasty and other intervention patencies were
described to 6 month endpoints. After stent graft trials,
the endpoints have all changed to 2 year outcomes. We've
long suspected the economic benefit of early stent graft
use. | wasn’t able to publish that data with the first ePTFE
stent graft trial even though our Monte Carlo simulations
suggested that 10 years ago. But there are such data in
favor of the GORE VIABAHN Endoprosthesis, and soon,
for the BARD® FLAIR® Endovascular Stent Graft or BARD®
FLUENCY PLUS® Endovascular Stent Graft. As physicians,
we need to be sensitive to these data and act responsibility
for cost control and better patient outcomes. When
these go hand in hand, as with these devices in these
applications, that's a great place to be.
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Dr. Ross: We're looking at the time interval where we have
a dysfunctional access, and even though the GORE VIABAHN
Endoprosthesis may be fairly expensive up front, if we do
not have to do another procedure within a short period of
time, it actually becomes quite economical. It's almost like a
functional time ratio. If we can prevent a $10,000 or $15,000
procedure per year, hypothetically, then the GORE VIABAHN
Endoprosthesis becomes very economical if it will buy us that
particular amount of functional access over time.

In patients who have had critical access dysfunctions,
the GORE VIABAHN Endoprosthesis is an integral part
of the practice. has been able to get us time such that we
hopefully will have the patients to get fewer and fewer
procedures done. And in the future when there is probably
going to be some component of capitation, the total
amount of money that'’s going to be utilized, particularly
for access, then indeed we can show, again, back to the
same thing, that if the outcomes are very predictable as a
function of time, then again | think this is going to be one
of the most important things that we can look at in the
future, it's going to be very important.

What future applications do you see for such
devices in dialysis access?

Dr. Ross: We've been using the GORE VIABAHN
Endoprosthesis for very difficult access since its launch
around 2001.

| would love to see larger diameter GORE VIABAHN
Endoprosthesis studied for performance in the central
venous system. | would love to see a study on very
large graft-vein anastomosis. A very important question
that we need to answer is how cost will be a predictor
of which device we're using. If we're getting the
appropriate amount of time from the device, it may not
be as expensive as it seems upfront when you look at
that ratio. m
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GORE® VIABAHN® Endoprosthesis
Flexibility Across the Elbow

Maintaining mechanical integrity in this region is critical for optimal outcomes in dialysis access.

BY DHEERAJ RAJAN, MD, FRCPC, FSIR, FACR

I emodialysis prosthetic grafts provide a relatively
stable conduit for hemodialysis; however, they are
I prone to dysfunction and eventual failure primarily
due to intimal hyperplasia at the venous anastomosis

leading to venous stenosis, disruption in flow, and eventual
thrombosis. Primary intervention-free patency from creation
of prosthetic arteriovenous grafts (AVGs) at 1 year is 40%."
Mainstay therapy in the past has been plain old balloon
angioplasty (POBA). With repeated POBA interventions,
cumulative patency rises modestly to 50% for AVGs; however,
patency is limited, and multiple reinterventions are required to
maintain functionality of the access over time.

WHY INTERVENE?

The Kidney Disease Outcomes Quality Initiative
indicates that a 50% primary patency at 6 months is
expected following POBA; this consensus statement
was based on retrospective data.? Despite this, four
randomized prospective studies indicate that primary
patency of POBA, at least within prosthetic grafts at the
venous anastomosis, is actually much poorer. In studies
by Vesely and Haskal et al, 6-month primary patency
ranged from 23% to 40%.>¢ Given the relatively poor
patency of POBA and the associated attendant costs,
multiple devices have been investigated to improve
patency and capitalize on the opportunity of improving
patency of dialysis accesses, which cost the global
economy billions of dollars annually.

WHY STENT GRAFTS OVER POBA?

Compared to all other previous devices, stent grafts
work simply because they exclude areas of pathology
(eg, intimal hyperplasia), whereas previous devices only
partially treated intimal hyperplasia without fully treating
or excluding it (eg, cutting balloons and cryoplasty). The
covering consists of a relatively inert polymeric covering
(expanded polytetrafluoroethylene [ePTFE]), which acts
as a barrier to migration of smooth muscle cells and the
diseased and/or thrombogenic wall from luminal blood
flow.” This exclusion is achieved without trauma, whereas

surgical manipulation of the vessels triggers a hypoxic
event leading to intimal hyperplasia and future stenosis.2

Although there are multiple peripheral stent grafts
available on the market, some of which have been studied
in multicenter randomized prospective studies within
dialysis grafts, the GORE® VIABAHN® Endoprosthesis
device was the only device studied across the elbow and
in patients who present with thrombosed AVGs.° Loop
AVGs within the forearm are more common than other
locations of dialysis grafts; they frequently traverse the
elbow joint and patients often present with thrombosed
grafts for intervention. The REVISE trial using the GORE
VIABAHN Endoprosthesis reflected this real-life clinical
practice.®° The GORE VIABAHN Endoprosthesis is
composed of reinforced ePTFE attached to an external
nitinol stent structure and a heparin-bonded surface. The
single helically wound nitinol wire has no longitudinal
connections, contributing to the flexibility and
mechanical integrity for which the device has become
known. Importantly, this external nitinol support does
not extend beyond the ePTFE.

CASE 1

A 75-year-old man had undergone six prior POBA
interventions within 1 year and presented for a declotting
procedure of his right forearm loop graft. The only
lesion identified within the access circuit was a venous
anastomotic stenosis, where the AVG was anastomosed
to the basilic vein at the elbow joint. The graft was sized
to 6 mm at the venous anastomosis. The stenosis was 3 to
4 cm in length (Figure 1A). Given the multiple previously
failed POBA events within a year and the patient’s
presented thrombosed access, we elected to place a stent
graft. The GORE VIABAHN Endoprosthesis was selected
based on proven patency efficacy across the elbow joint.
We avoided using the BARD® FLAIR Endovascular Stent
Graft or BARD® FLUENCY® PLUS Endovascular Stent Graft
given their relative rigidity and no patency evidence for
placement across a joint space. The diameter of the GORE
VIABAHN Endoprosthesis should be at least 5% to 20%
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Figure 1. Venous anastomotic stenosis extending across elbow joint (A). An 8 x 100 mm GORE® VIABAHN® Endoprosthesis was
deployed and following postdilation, there was a satisfactory angiographic result (B).

larger than the diameter of the graft and there should be

at least 1 cm of coverage before and after the stenotic vein
segment for secure placement. Given the case criteria, an

8 mm diameter x 100 mm length device was chosen and
deployed (Figure 1B). No repeat interventions were required
within a year following placement of the stent graft.

CASE 2

A 67-year-old man had a 2-year-old 6 mm loop graft
within the left arm that had clotted twice within the
previous 2 months and had two prior POBA interventions
for venous anastomotic stenosis over a 4-month period
prior to that. He now presented with a clotted graft for
the third time. The only offending lesion was found at
the venous anastomosis to the basilic vein, which had
undergone angioplasty four times with an 8 mm balloon
(Figure 2A). After declotting of the graft with POBA
resulted in a poor angiographic result, an 8 mm x 50 mm
GORE VIABAHN Endoprosthesis was placed across the
stenosis, which was selected (based upon the measured
size of the post-POBA size of the distal landing location)
and placed across the elbow joint (Figure 2B). Three
months later, the AVG continued to function with no
additional interventions (Figure 2C).

DISCUSSION

The GORE VIABAHN Endoprosthesis is highly flexible
and kink resistant. The release/deployment mechanism
of the device allows for more accurate placement and
less of the “forward jumping” that is seen with other
deployment mechanisms. Specifically, the release
mechanism is a pull chord that releases the device from
the delivery shaft. Other devices employ a pin-and-pull
mechanism that results in a more variable position of
deployment, often with forward jumping of the stent
graft. In terms of sizing the device and diameter selection,
the GORE VIABAHN Endoprosthesis is sized to the
venous outflow end of the graft to ensure sufficient

Figure 2. Venous stenosis at the end of the AVG across the
elbow joint after suboptimal POBA. Note the venous collateral
overlying the radial head, indicating resistance to antegrade
flow (A). Device with flow through it with the arm straight

(B). Flow across the GORE® VIABAHN® Endoprosthesis with
the elbow flexed and the device bent more than 90° with no
inhibition of flow (C).

wall apposition for anchoring and reducing the risk
of migration. Recommended oversizing is 5% to 20%.
Wall apposition to the vein at the outflow of the GORE
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VIABAHN Endoprosthesis is not required, and the device
can be smaller in diameter than the outflow vein.

The REVISE study was a randomized prospective study
that compared treatment of venous anastomotic stenosis
of AVGs with POBA versus placement of the GORE
VIABAHN Endoprosthesis. As previously mentioned, the
study allowed inclusion of patients with stenosis across
the elbow joint and patients presenting with thrombosed
accesses. Overall, the 6-month target lesion primary
patency was significantly better with the GORE VIABAHN
Endoprothesis at 52% versus 34% for POBA.® There were
also multiple other notable results within this study. First,
44% of patients presented with thrombosed accesses
and 17% (n = 22) had devices placed across the elbow.
Second, despite patients presenting with thrombosed
accesses, the GORE VIABAHN Endoprosthesis had
superior target lesion patency over POBA (36% vs 24%),
and third, no devices placed across the elbow fractured
up to 24 months with improved patency at 6 months
(72% vs 49%).

There are anecdotal concerns regarding stent grafts
for AVG anastomotic stenosis. With the introduction
of drug-coated balloons to dialysis interventions, it
is important to note that most studies have been
performed in arteriovenous fistulas rather than AVGs.
Also, initial results suggest that although target lesion
patency is better than POBA, it is still inferior to the
outcomes of stent graft studies. On the surgical side,
there is the consideration of loss of “venous capital” when
a GORE VIABAHN Endoprosthesis is placed. If sizing
criteria are followed and the device does not extend
1 to 2 cm beyond the stenosis into normal vein, then
no potential usable vein is lost, as postsurgical scarring
often extends this same length along the vein, making
it more difficult—if not possible—to use later. Other
concerns include the cost of device to overall cost of
maintaining the access without using a GORE VIABAHN
Endoprosthesis. In a presented abstract, cost of access
maintenance over 24 months, particularly if the access

was thrombosed, was significantly lower with use of the
GORE VIABAHN Endoprosthesis.’?

CONCLUSION

In summary, | prefer the GORE VIABAHN
Endoprosthesis for interventions within AVGs due to its
flexibility, kink resistance, ability to use across the elbow,
and proven efficacy in the treatment of thrombosed
AVGs. In addition, visibility and ease of deployment
with minimal if no deployment migration are added
advantages of this device compared to other available
stent grafts in dysfunctional dialysis accesses. ®
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The Pathophysiology of Arteriovenous
Graft Thrombosis and Stenosis

Understanding the underlying challenges of an optimal access site.

WITH MITCHELL HENRY, MD

B Successful arteriovenous fistulas (AVFs)
require adequate arterial inflow. Is

this the same for arteriovenous grafts
(AVGs)?

AVGs also need adequate arterial inflow.
Arterial narrowing and calcification are relatively common
in patients with chronic kidney disease, especially those
with diabetes and hypertension.! Preoperative arterial
evaluation, including size and flow, is an important tool to
help choose optimal inflow.

When in doubt about the size of the artery for
the graft anastomosis, what are the options?
How small of an artery might you consider
trying for a graft anastomosis?

In general, preoperative arterial diameter = 1.5 mm
is adequate for an AVF, but one would ideally prefer
=2 mm. As important as size, a soft, compliant artery
is necessary for dilation and increased flow over time. A
noncompliant atherosclerotic artery is not able to dilate
to allow the fistula to mature over time to deliver proper
inflow. A technically adept surgeon can perform an AVG
anastomosis with a 2 mm artery, but again, ideally it would
be = 2.5 mm. The same issue in arterial quality is important
when choosing an artery for the graft inflow.

In addition to adequate arterial inflow, a
compliant vein is needed in order to have a
successful AVF. How does the quality of the vein
affect the function of a vascular graft? What is
the ideal size of a vein for the graft anastomosis?
A venous diameter of 2.5 mm at the anastomosis in
the hands of a skilled surgeon is desired for fistula or graft
creation. Venous size and quality should be assessed both
preoperatively and in the operating room at the time of
fistula or graft creation. One not only needs to consider the
quality of the vein at or near the anastomosis, but the entire
outflow tract all the way to the right atrium. In addition,
the size and angle of the anastomosis may be important
in optimizing flow. A group from Belgium has done an

elegant computerized study investigating the impact of
anastomotic size and the angle of placement of the vein on
flow in an AVF.2 Although these findings were in reference
to an AVF, in practice, one would strive to keep the angle as
acute as possible with either the vein (AVF) or graft (AVG)
anastomosis. My goal is to create an anastomotic length

of approximately 1.5 times the diameter of the artery. The
opening in the artery, when placing a graft, should match
the graft opening created by the angle fashioned, usually
not as acute of an angle as previously mentioned.

Without sufficient blood flow through an AVF
or AVG, the hemodialysis treatment may be
compromised and the fistula or graft may
thrombose. How do you verify which vessels
to use for fistula creation or vascular graft
implantation?

Evaluation of the patient for a hemodialysis fistula or
graft includes the patient's medical history, a thorough
physical examination, and preoperative vascular mapping
with duplex ultrasound. If any uncertainty remains, we do
more extensive arterial and/or venous evaluations with
the help of our radiology colleagues. This is especially
important for individuals who have had previous
attempts at creating peripheral access or central venous
manipulations.

How is blood flow through the graft assessed
in the operating room and during follow-up
appointments?

Historically, the fistula is evaluated by palpation
following reperfusion. A palpable thrill provides feedback
that there is good flow through the vein, and gentle
obstruction of the outflow vein results in a palpable pulse.
Absence of a palpable thrill may indicate a downstream
obstruction. Duplex ultrasound to assess the blood flow
through superficial vascular grafts or fistulas is relatively
easy and is a useful complement to physical exam. In
grafts, a stenosis may be present in a significant number of
patients with normal findings on simple clinical evaluation.
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Studies have also shown that when access flow is measured
repeatedly, the trends of decreasing flow add predictive
power for the detection of access stenosis or thrombosis.?

Speaking of blood flow, what is the ideal blood
flow range for an AVG?

A good general rule is that a graft should have at least
600 mL/min of flow to provide adequate dialysis and
ongoing patency. Grafts that fall below that number have
a high incidence of subsequent dysfunction or thrombosis.
A similar flow is desirable in AVFs, although chronically
developed fistulas may still function optimally and remain
patent, even if they fall below that number. Figure 1 gives
some general characteristics that result in the different
scenarios.

The literature states that graft thrombosis is the
cause of 80% of all vascular access dysfunction
in polytetrafluoroethylene (PTFE) dialysis
grafts.* Why is the graft thrombosis rate so high?
First, it is important to remember that cardiovascular
disease is the leading cause of death in patients undergoing
hemodialysis. A history of myocardial infarction or heart
failure leads to poor cardiac output, low heart rate, and
low systolic blood pressure (< 100 mm Hg), which may
result in insufficient blood flow, ultimately affecting AVF or
AVG patency. In addition, the graft vein interface is fraught

with changes in normal physiology including changes in
shear stress, compliance mismatching, and perianastomotic
vibration. These all contribute to changes in the venous
outflow, leading to neointimal hyperplasia, which may
significantly alter access flow, resulting in dysfunction or
thrombosis.

How important is blood pressure?
Hypertension is the single most important predictor
of coronary artery disease in uremic patients, even more
so than cigarette smoking and hypertriglyceridemia.®
However, even hypertensive patients can develop a
systolic pressure < 100 mm Hg, which may lead to graft
thrombosis. Blood pressure may be viewed as a surrogate
of cardiac output. Low blood pressure may be a reflection
of an abnormal pump. In addition, there are numerous
causes of low blood pressure, but some that may be more
likely with a hemodialysis patient include hypotension
during the dialysis session or a decrease in blood volume
due to dehydration. The incidence of intradialytic
hypotension is the most common complication of
outpatient hemodialysis; however, it is variable among
centers depending on the patient, dialysis prescription,
and center factors.® Dehydration may occur due to
medications such as diuretics. Hypotension can be caused
by other drugs that treat hypertension, heart medications
such as beta blockers, drugs for Parkinson's disease,
tricyclic antidepressants, narcotics,
and alcohol. Even over-the-counter
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Figure 1. Access flow level guidelines for fistulas in adult patients (A). PTFE graft
access flow level guidelines in adult patients (B). Graphics used with permission of

Transonic Systems Inc.
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Historically, many studies have tried
unsuccessfully to link abnormal
coagulation parameters to graft
thrombosis. However, O’Shea et al



studied 31 patients who presented as repeat clotters and
found that 90% of the patients had an elevated factor VIl
level, 62% had elevated fibrinogen, and 42% had elevated
C-reactive protein.” Even so, searching for coagulation
disorders can be a resource intensive and disappointing
endeavor.

In > 90% of thrombosed grafts, the underlying
pathology is venous neointimal hyperplasia at
the venous anastomotic site or in the proximal
vein.? Recently, there have been reports of
growing evidence of arterial inflow stenosis.
What are your thoughts?

We do have a reasonable understanding of the
pathology and the pathogenesis of venous neointimal
hyperplasia and vascular stenosis in the setting of dialysis
access dysfunction.* We also now know that chronic
kidney disease promotes the development of arterial
wall lesions by modifications of calcium and phosphorus
metabolism, chronic inflammation, volume overload,
hypertension, and dialysis stress. Khan and Vesely noted
that in patients with PTFE AVGs, 28% of patients studied
demonstrated significant arterial inflow abnormalities.®
When doing evaluations for graft or fistula dysfunction it
is very important to study both arterial inflow and venous
outflow. As we often say, the clinician needs to consider

Sponsored by Gore & Associates

the entire vascular access circuit from the aortic valve to
the right atrium. The presence of a stenotic or calcified
artery may jeopardize the surgeon’s attempt to create a
successful AVF or AVG and, importantly, may contribute
to dysfunction of an established access. ®
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Strategies for Approaching Vascular

Graft Thrombectomy

Insights on the best tactics for declotting arteriovenous grafts.

WITH SCOTT O. TREROTOLA, MD

Thrombosis can be a common event
with arteriovenous grafts (AVGs),
frequently due to intimal hyperplasia
at the venous anastomosis or in the
outflow vein. Are there advantages
to declotting an AVG relatively soon after a
thrombotic event?

Within a 2 or 3 day period, there is no advantage at all.
There is no urgency in terms of success rates. Of note,
there are reports of the grafts being declotted much later
(eg, weeks to months).

After a week or so, it becomes more difficult to declot a
graft, especially if there is any clot within the venous outflow,
because the longer that clot is in contact with the vein wall,
the greater the adherence of the clot. If the clot is limited to

the graft, it is not usually a problem even after a week or more.

Does it have to be declotted the exact day the thrombosis
occurs? No, that's not the case. There is no difference in
outcomes between declotting it that day and declotting it
48 to 72 hours later. It does become an issue later. After 1
to 2 weeks, the success rate goes down, but it goes down
incrementally—maybe from the high 90s to the mid 80s.

Are there differences in how you address a fresh
thrombus versus an old thrombus?

For the most part, you're treating fresh clot because
you usually declot grafts within a couple days from
when it clotted. It doesn’t come up all that often, but
sometimes you treat an older clot that is wall adherent.
The older the clot, the more difficult it may be to treat.
You are then more likely to need to use wall-contact
mechanical thrombectomy devices if you are not a
physician who uses them anyway. You may have more
difficulty clearing that clot, so you may have to use stent
grafts, which is something | avoid if possible in declots.

How often do you see an arterial plug during
a thrombectomy procedure? What is the
best technique for removing an arterial plug
percutaneously?

In graft thrombectomy, you always see arterial plugs.
Some physicians mistakenly dilate the arterial anastomosis
thinking there’s a stenosis there, when it’s almost always
the arterial plug. It's there 100% of the time.

In my practice, | use the TELEFLEX®* ARROW-TREROTOLA
Percutaneous Thrombectomy Device® (PTD) to treat the
arterial plug. Most people who aren’t using the TELEFLEX
ARROW-TREROTOLA PTD use an EDWARDS LIFESCIENCES
FOGARTY® Balloon Catheter or an angioplasty balloon, but
| don’t recommend using the latter because you want a
compliant balloon, not a noncompliant balloon, to dislodge
that plug and avoid injury to the artery.

Caution should be used when dislodging the plug
at the arterial anastomosis to minimize the risk of
arterial embolization. What tips can you offer in
order to minimize possible arterial embolization?
There is a great deal of misconception regarding
the genesis of arterial emboli (AE) during declots.
First of all, AE are common (~5%) in all declots and if
asymptomatic, they are often clinically inconsequential;
they are also easily treated with backbleeding and other
techniques. That said, AE occur far more commonly
due to the operator pressurizing a graft (eg, flushing,
contrast injection) that is not yet fully declotted than
by dislodgement of the arterial plug during removal. If
you're careful with injection, AE will be very uncommon
in your practice. Regarding dislodging the plug, we've seen
that the TELEFLEX ARROW-TREROTOLA PTD had fewer
AE than an EDWARDS LIFESCIENCES FOGARTY Balloon
Catheter, but both have low AE rates. Again, it’s not the
plug removal that causes most AE.

For the over-the-wire (OTW) mechanical
thrombectomy devices, what cautions should be
used when declotting vascular grafts?

Some physicians think OTW devices, of which there
are only a few, may decrease AE but there’s no proof
of this. In general, for graft thrombectomy, OTW
devices are not necessary except in rare situations. For
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fistula declotting, they are more often needed. OTW
versus non-OTW is more often than not an operator
preference.

There are times when it is difficult to remove
all of the thrombus from the wall of the AVG,
and on an angiogram, there is residual clot.
Why might this be, and what techniques

do you employ to completely clear out the
residual clot?

There are different types of residual clot, but all need
the same treatment: wall contact. You often find areas of
what | call cannulation site lesions, because they're not
really aneurysms and they’re not pseudoaneurysms; it’s a
graft, but some people call them aneurysms or aneurysmal
dilatation of a graft. You get laminar clot buildup along the
wall that is layers upon layers of mature, organized clot—
it'’s not fresh clot.

You can also get this type of clot lining older grafts
even without dilatation of the graft. If you are declotting
old thrombus, the best way to manage it is mechanical
thrombectomy, specifically wall-contact mechanical
thrombectomy devices. Often, you need to apply external
pressure with your hand or an ultrasound probe to bring
the clot into contact with the device. Non—-wall-contact
devices that use suction or related principles will not work
on this type of clot.

Sometimes it’s impossible to get the graft to
become patent, and the AVG keeps reclotting.
Why do you think this might be, and what do
you suggest in this situation?

| think the most common reason for that is an
underlying infection within the graft. When | start to
see this, | first make sure that my anticoagulation is
good and I'm not missing something, such as stenosis
or residual clot at my sheath entry sites. However, if
you see a patient in whom you get good flow and then
it just clots in front of your eyes, my purely anecdotal
experience has been that when those patients are sent
to the operating room for thrombectomy, infection is
found. | think that's a common and underrecognized
cause for that problem.

| also think that there are times when you fall
behind in the patient’s anticoagulation, and this causes
rethrombosis; if it happens, you want to check the
activated clotting time (ACT) and make sure that the
patient’s heparin levels are adequate. Different patients
need different doses of heparin. Also, make sure that the
sheaths are not crossed and they are not creating some
sort of an artificial obstruction to flow by the various
access devices.

Sponsored by Gore & Associates

In the clot management device market, what
devices are used most often for thrombectomy
of AVGs? What are the features and benefits of
each device? Are there any limitations of each
device?

| believe the ARGON® CLEANER XT Rotational
Thrombectomy System, the TELEFLEX ARROW-
TREROTOLA PTD, and the BOSTON SCIENTIFIC
ANGIOJET Thrombectomy System are currently used for
dialysis grafts in the United States, but it is hard to keep
up with this area so there may be more. The TELEFLEX
ARROW-TREROTOLA PTD and the BOSTON SCIENTIFIC
ANGIOJET Thrombectomy System were both studied in
randomized trials leading to their approvals in the 1990s,
and both have multiple subsequent published studies
supporting their use in this area.’

The big difference between the BOSTON SCIENTIFIC
ANGIOJET Thrombectomy System and the others is that
the BOSTON SCIENTIFIC ANGIOJET Thrombectomy
System is not a wall-contact device. Non-wall-contact
devices have great difficulty clearing wall-adherent
material and can’t be used to treat the arterial plug.

Are there times when a lytic agent is required?
What are the benefits and drawbacks of
thrombolysis?

Some physicians prefer to use a lytic agent such as
in the "Lyse and Wait" technique, but if you're using
a mechanical thrombectomy device, you may never
need to use a lytic agent, as it just increases the cost
and prolongs the hemostasis time. There’s an excellent
randomized trial by Vogel et al who compared the
TELEFLEX ARROW-TREROTOLA PTD to the "Lyse and
Wait" technique with tissue plasminogen activator (tPA)
and found that there was no difference in immediate
outcomes, but importantly no difference in the in-room
procedure time.* Physicians think they are reducing the
room time using lyse and wait, but they're actually not
according to this randomized trial. So in fact, the time
taken to do the lytic injection beforehand prolongs
the overall procedure compared to using the TELEFLEX
ARROW-TREROTOLA PTD.

The only time we ever use a lytic agent is when a
patient has extensive central venous thrombosis. One of
my partners uses the BOSTON SCIENTIFIC ANGIOJET
Thrombectomy System in this setting. | prefer to place
an infusion catheter and lyse them overnight with tPA.
This is very effective. In terms of drawbacks, using a lytic
agent prolongs hemostasis and has rare risks of bleeding
complications. In my view, if you don’t need to use a lytic
agent to get the job done with a mechanical device, why
take on those risks?
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If the thrombectomy fragment basket or device
wire amplitude is 9 mm, how does this function
in a 6 mm or 4 to 7 mm vascular graft lumen?
The 9 mm is the maximum diameter of the present
TELEFLEX ARROW-TREROTOLA PTD. The device is self-
adjusting to the size of the graft—that’s the beauty of it.

Is there a difference between a mechanical
thrombectomy device with a rotator drive unit
that is 3,000 RPM versus 4,000 RPM?

That hasn’t been studied in a head-to-head fashion, so
| don’t think anyone knows the answer. | think it is highly
unlikely. As noted, there is copious evidence including a
randomized controlled trial for 3,000 RPM, but little or
nothing is published for 4,000 RPM.

Although rare, mechanical thrombectomy
devices have been known to damage the luminal
wall of an arteriovenous fistula or AVG. What
advice do you have to prevent this?

I'm not sure that is really true. | don’t know of any
published paper showing that, and in fact the opposite
has been repeatedly shown. Mechanical thrombectomy
devices are extraordinarily safe, and the TELEFLEX ARROW-
TREROTOLA PTD has been found to be less injurious
than an EDWARDS LIFESCIENCES FOGARTY Balloon
Catheter.> Obviously, misuse of any device can result in
trauma to a vessel or a graft. Regarding the TELEFLEX

ARROW-TREROTOLA PTD, it is meant to be used in a
pullback fashion. Using the device in a back-and-forth or
“toothbrush” fashion to address refractory clot can result
in the tip becoming caught in the vessel or graft wall. m
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GORE® VIABAHN® Endoprosthesis

INDICATIONS FOR USE IN THE U.S.: The GORE® VIABAHN® Endoprosthesis is indicated for improving blood flow in patients with symptomatic peripheral arterial disease in superficial femoral artery de novo

and restenotic lesions up to 270 mm in length with reference vessel diameters ranging from 4.0 — 7.5 mm, in superficial femoral artery in-stent restenotic lesions up to 270 mm in length with reference vessel
diameters ranging from 4.0 — 6.5 mm, and in iliac artery lesions up to 80 mm in length with reference vessel diameters ranging from 4.0 — 12 mm. The GORE® VIABAHN® Endoprosthesis is also indicated for the
treatment of stenosis or thrombotic occlusion at the venous anastomosis of synthetic arteriovenous (AV) access grafts. CONTRAINDICATIONS: The GORE® VIABAHN® Endoprosthesis with Heparin Bioactive Surface is
contraindicated for noncompliant lesions where full expansion of an angioplasty balloon catheter was not achieved during pre-dilatation, or where lesions cannot be dilated sufficiently to allow passage of the delivery
system. Do not use the GORE® VIABAHN® Endoprosthesis with Heparin Bioactive Surface in patients with known hypersensitivity to heparin, including those patients who have had a previous incidence of Heparin-
Induced Thrombocytopenia (HIT) type II. Refer to Instructions for Use at goremedical.com for a complete description of all warnings, precautions, and adverse events.

INDICATIONS FOR USE IN EU UNDER CE MARK: The GORE® VIABAHN® Endoprosthesis is a flexible, self-expanding endoluminal prosthesis for endovascular grafting of peripheral arteries. The GORE® VIABAHN®
Endoprosthesis is also indicated for improving blood flow in symptomatic obstructions of peripheral veins. CONTRAINDICATIONS: Non-compliant lesions where full expansion of an angioplasty balloon catheter
was not achieved during pre-dilatation, or where lesions cannot be dilated sufficiently to allow passage of the delivery system. Do not use the GORE® VIABAHN® Endoprosthesis with PROPATEN Bioactive Surface in
patients with known hypersensitivity to heparin, including those patients who have had a previous incidence of Heparin-Induced Thrombocytopenia (HIT) type II. Refer to Instructions for Use at goremedical.com for a
complete description of all warnings, precautions, and adverse events. R ony

Gore products referenced within are used within their FDA approved/cleared indications. Gore does not have knowledge of the indications and FDA approval/clearance status of non-Gore products. Gore makes no
representations as to the surgical techniques, medical conditions or other factors that may be described in this article. The reader is advised to contact the manufacturer for current and accurate information.
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GORE® ACUSEAL Vascular Graft:
The leading’ on-label early cannulation graft

® Enables cannulation within 24 hours
* Allows for earlier removal or avoidance of a central venous catheter (CVC)

® Reduces the 49% higher risk of fatal infections
due to CVC complications?

® Lowers the costs of treating CVC sepsis by earlier removal of a CVC3

Learn more at goremedical.com/avaccess
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