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Placement of retrievable inferior vena cava filters has seen rapid growth since their
introduction into clinical practice. When retrieved, these devices offer the notional
benefit of temporary protection from pulmonary embolism related to lower extremity
deep venous thrombosis, and mitigation of filter-related deep venous thrombosis.
When promptly removed after the indication for mechanical prophylaxis is no longer
present, standard endovascular retrieval techniques are frequently successful. However,
the majority of these devices are left in place for extended periods of time, which has
been associated with greater device-related complications when left in situ, and failure
of standard techniques when retrieval is attempted. The development of advanced
retrieval techniques has had a positive impact on retrieval of these embedded devices.
In this article, technical considerations in the retrieval of such devices, with an emphasis

radiology

Objectives: Upon completion of this article, the reader will be
able to describe the basic utility of retrievable inferior vena
cava filters and assess advanced techniques and when they
are most effective for filter retrieval.
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Venous thromboembolism (VTE) presents a significant
burden on the health care system, resulting in high rates of
morbidity and mortality as well as several million dollars
annually in health care costs.' Inferior vena cava filters
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on advanced techniques to facilitate retrieval of embedded devices, are discussed.

(IVCFs) are utilized in patients with VTE in whom antico-
agulation has failed or is contraindicated, as well as for
prophylaxis from VTE. Prior prospective studies have
demonstrated that while permanent IVCFs are effective in
preventing pulmonary embolism (PE), they are associated
with an increased risk of lower extremity deep venous
thrombosis (DVT).Z’3 Retrievable inferior vena cava filters
(rIVCFs) were developed to protect against PE and to allow
removal once the timeframe for indicated use has passed,
thereby mitigating the risk of filter-related DVT.

Though designed to be removed when no longer indi-
cated, the majority of filters are left in place for prolonged
periods of time, if not permanently.*> Studies have dem-
onstrated that prolonged dwell time for rIVCF is not only
more likely to be subject to greater device-related compli-
cations but also likely to fail retrieval with standard
techniques.®’ Findings such as these have prompted the
United States Food and Drug Administration (FDA) to issue a
safety communication in 2014, recommending that all
rIVCFs be removed as soon as protection from PE is no
longer needed.®
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Impediments to Removal of Retrievable IVC
Filters

Poor clinical follow-up of patients with rIVCF impedes
retrieval of devices that are no longer indicated. Several
studies have confirmed this theory, with reported retrieval
rates as low as 8.5%.° The development of dedicated service
lines for patients with these devices have positively impacted
retrieval rates, with one study reporting an increase in
retrieval rates from 29 to 60% after the establishment of a
dedicated IVC filter service.'”

Prior studies have identified prolonged rIVCF dwell time as
a negative predictor for successful retrieval. Dwell times of
90 days and 6 months have been separately reported as being
significantly associated with retrieval failure.'"'? Findings
from studies like these have led to the perception that
prolonged dwell time rIVCFs should be left in situ due to
the likelihood of procedural failure and the theoretical risk of
vascular injury.

The development of advanced retrieval techniques has
positively impacted filter retrieval, particularly of embedded
devices with prolonged dwell times. Studies have demonstrated
that advanced techniques are more likely to be necessary to
retrieve filters with prolonged dwell time, but can do so very
effectively.’> These techniques have effectively removed the
“time limit” on filter retrieval. A series of 648 retrievals confirms
this notion, demonstrating that filter removal can be performed
regardless of filter dwell time with a success rate of 97% or more
when advanced endovascular techniques are employed.'* In this
series, there was a strong positive association with filter dwell
time and the need for advanced filter techniques. Despite the
complex nature of some of these advanced retrieval procedures,
reported complication rates were low and were not associated
with filter dwell time.™

Filter Removal Techniques

Most rIVCFs employ a conical design, including the Denali,
G2X/G2, Eclipse, Meridian, Recovery (all Bard Peripheral
Vascular Inc., Tempe, AZ); Celect, Gunther Tulip (both Cook
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Medical Inc., Bloomington, IN); ALN (ALN Implants Chirurgi-
caux, Ghisonaccia, France); and Option/Option Elite (Argon
Medical Devices, Plano, TX). These devices are designed to be
retrieved via an internal jugular venous access. The OptEase
(Cordis Corp., Miami Lakes, FL) has a nonconical polyhedron
design and is designed to be retrieved from a femoral venous
approach. A relative newcomer to the market, the Crux
(Volcano Corp., San Diego, CA), has a helical design with
hooks on both the caudal and cranial aspects of the filter,
allowing retrieval from either a jugular or femoral approach.

Standard Retrieval Techniques

Most rIVCFs have a hook that facilitates retrieval utilizing an
endovascular snare, with the majority of devices designed for
retrieval from jugular venous access (=Fig. 1). Older devices
(particularly the Bard G2 and Recovery) have a smooth
bushing at the apex, designed to be retrieved with a proprie-
tary retrieval cone device. Individual manufacturers offer
retrieval kits for their specific device, but all use the common
mechanism of an endovascular snare to capture the filter by
its hook, and a sheath to facilitate coaxial collapse of the filter
and disengagement from the caval wall. In the authors’
experience, proprietary kits are not necessary.

The authors’ approach to standard filter retrieval begins
with a pigtail flush catheter, which is introduced over a wire
caudal to the filter. Care is taken not to entangle the wire or
catheter in the filter. After inferior vena cavography is
performed to assess for in situ filter thrombus, coaxial
sheaths are placed immediately cephalad to the filter. A
standard endovascular snare is used to capture the filter
hook; once captured, the filter is collapsed within the sheath
while gentle counter traction is applied via the snare.

Advanced Retrieval Techniques

Standard filter removal can fail for a variety of reasons, including
filter tilt, encasement of the filter hook in the IVC wall by a fibrin
cap, incorporation of filter elements into the caval wall,
significant extracaval perforation of filter elements, and filter
fracture. In these cases, advanced retrieval techniques have been
employed to successfully remove the rIVCFE.

Fig. 1 Curved sheath use for retrieval of tilted, nonembedded filters. (a) Filter hook is significantly tilted from the central axis of the inferior vena
cava (arrow). (b) Curved inner sheath (white arrow) provides greater directionality to enable successful snaring of the filter hook.
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Fig. 2 Loop wire capture of fibrin cap. (a) Digital subtraction cavography demonstrates filter hook abutting the right lateral caval wall with
suggestion of fibrin cap formation (arrow). Standard techniques failed to remove this device. (b) Reverse curve catheter (white arrow) utilized to
engage fibrin cap. Hydrophilic wire (black arrow) is advanced cranially and captured with snare device. (c) Loop wire successfully engaged on fibrin

cap. Note that no portion of the wire (arrow) is through the filter struts.

When filters are tilted significantly, standard straight
sheaths and snare devices are often unable to capture the
filter hook successfully. The use of a curved inner sheath can
add directionality and facilitate successful snaring of a hook
that is significantly deviated from the central axis of the IVC
(=Fig. 1). This technique is most useful when the filter hook is
not embedded and no fibrin cap has formed. In the authors’
practice, a Flexor sheath with Ansel 2 modification (Cook
Medical Inc.) is used.

A rIVCF with an embedded tip or hook presents a signifi-
cant challenge during retrieval. Several techniques have been
described as an approach to this problem; however, two
techniques that are most used in the authors’ practice are
highlighted here. These techniques are the loop snare and use
of rigid endobronchial forceps.

The loop snare method was originally described where a
reverse curve catheter was guided through the filter struts as
alocus of support, and a hydrophilic wire was passed through

the catheter and advanced cephalad.'® The wire is snared and
externalized via the jugular access to provide counter-trac-
tion while the filter is coaxially collapsed into the sheath and
removed. The concern with this technique is the potential for
filter fracture, given the large forces exerted over a small area
where the loop wire is engaged. Instead, the authors devel-
oped a modified loop wire technique that also addresses the
fibrin cap. Rather than passing the catheter through the filter
struts, the reverse curve catheter is used to engage the cap at
the filter apex; the looped hydrophilic wire then creates a
loop through the fibrin cap.'® Applied counter-tension allows
coaxial collapse of the filter and disruption of the fibrin cap,
subsequently allowing for filter removal with standard snare
techniques (~Fig. 2).

Rigid endobronchial forceps are used for dissection of
fibrin encasing the filter apex, thus exposing the hook for
filter capture via forceps or snare and subsequently allowing
collapse and removal of the filter'” (~Fig. 3). These forceps

Fig. 3 Endobronchial forceps in IVC filter retrieval. (a) Digital subtraction cavogram demonstrates embedded hook and multiple penetrated
struts. (b) Rigid endobronchial forceps (arrow) utilized to dissect fibrin off of hook and capture filter hook/apex. (c) Successfully captured filter can

then be collapsed in sheath.
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are usually malleable, and can be adjusted to achieve opti-
mum curvature to reach a tilted, embedded filter apex. The
interventional radiologist must be alert to potential adverse
events when using this device, as excess curvature of the
instrument or applied force can cause significant patient
discomfort from distention of the IVC. Furthermore, IVC
wall rupture is possible when the caval wall is grasped rather
than the fibrin obscuring the hook. With sufficient operator
experience, however, these devices can be employed safely. In
their reports, Stavropoulos et al and Avery et al report filter
retrieval success rates of 95 and 85%, respectively, both
reporting no major adverse events.'”-18

In some cases, a filter hook can be successfully captured,
but the rIVCF cannot be collapsed within the sheath despite
exertion of large forces. This typically occurs when there is
incorporation of the filter struts into the wall. Laser extraction
sheaths originally designed for pacemaker lead extraction
have been successfully used to photothermally ablate the
fibrin encasing the filter struts into the caval wall (~Fig. 4),
allowing filter removal without having to exert large and
potentially hazardous forces during the retrieval procedure.'®
The CVX-300 Excimer laser system utilizes 12, 14, and 16F,
50-cm-long sheaths that are introduced via a larger outer
sheath. Photothermal ablation frees the filter from caval wall
attachment, allowing it to be collapsed and retrieved through
the outer sheath. When used, the laser sheath is highly
successful, with Kuo and Cupp reporting a 98% technical
retrieval success rate using this technique.'® It is important
to note that control of the filter apex/hook is required to
successfully employ photothermal laser ablation; indeed, it is
common in the authors’ practice that other techniques must
be employed to free the filter apex prior to using the laser
sheath.

Fig. 4 Photothermal laser ablation for embedded IVC filter struts. (a)
Cavogram demonstrates that lower portion of filter struts is pene-
trated. Note that the hook is straightened from prior filter retrieval
attempt (arrow). (b) After snare capture of filter apex, the laser sheath
(arrow) is sequentially activated to enable ablation of fibrin, thus
enabling filter removal.
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Conclusion

Retrievable inferior vena cava filters remain an important
option in providing temporary protection from PE in patients
who cannot receive anticoagulation. With the continued
growth in the use of these devices, clinical follow-up and
surveillance of patients with these devices take a heightened
importance, particularly in light of device-related complica-
tions that appear to increase with prolonged filter dwell time.
Proper employment of the advanced retrieval techniques
described here fosters the safe removal of the majority of
devices, regardless of filter dwell time. In accordance with the
FDA safety communication, removal should be considered in
all patients in whom the rIVCF is no longer indicated.
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