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Endovascular interruption of the inferior vena cava (IVC)
for the prevention of pulmonary embolism (PE) has been
utilized for over four decades, but retrievable vena cava filters
are considerably more recent. The United States Food and

Drug Administration (FDA) first approved percutaneous
retrieval of three existing permanent vena cava filters in
2003 and 2004 without modifications of the indications for
placement.1 This approval gave physicians the option of
either removing IVC filters once the risk of PE had passed
or leaving the device in place permanently. While permanent
IVC filters have been shown in a prospective, randomized
controlled trial to decrease PE, long-term use is associated
with an increased risk of deep venous thrombosis (DVT).2,3

Retrievablefilters would presumably offer the samebenefit of
protection against PE without the long-term risks, although
this remains to be proven.

Despite the lack of high-quality evidence, the use of IVC
filters has dramatically increased over time.4,5 Many retriev-
ablefilters, however, are not retrieved for a variety of reasons.
In addition to thrombotic complications, there are numerous
reports of filter fracture, migration, and penetration/perfora-
tion for both permanent and retrievable filters, with the
majority of complications associated with chronic use.6–8

This article will review the design and data of retrievable
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Abstract Inferior vena cava filters have been placed in patients for decades for protection against
pulmonary embolism. The widespread use of filters has dramatically increased owing at
least in part to the approval of retrievable vena cava filters. Retrievable filters have the
potential to protect against pulmonary embolism and then be retrieved once no longer
needed to avoid potential long-term complications. There are several retrievable vena
cava filters available for use. This article discusses the different filter designs as well as
the published data on these available filters. When selecting a filter for use, it is
important to consider the potential short-term complications and the filters’window for
retrieval. Understanding potential long-term complications is also critical, as these
devices are approved for permanent placement and many filters are not retrieved.
Finally, this article will address research into new designs that may be the future of vena
cava filtration.
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IVC filters currently available, and assesswhat the futurefilter
design may hold.

Filter Design

The first three IVC filters approved for retrieval were the
Günther Tulip (Cook, Bloomington, IN), the Recovery (Bard;
Tempe, AZ), and the OptEase (Cordis, Fremont, CA).9 The Tulip
and the Recovery have conical designs, while the OptEase has
a double basket design like its predecessor designed for
permanent placement, the TrapEase filter (Cordis). The Tulip
and OptEase filters remain on the market, while Bard has
since developed multiple iterations of the Recovery and
currently offers the Denali filter.

The majority of IVC filters on the market offer a conical
design, including the aforementioned Günther Tulip and
Denali as well as the ALN filter (ALN Implants Chirurgicaux;
Ghisonaccia, France), Celect Platinum (Cook), and Option Elite
(Argon Medical Devices, Plano, TX) (►Table 1, ►Fig. 1). The
Celect Platinum filter is a minor variant of the previously
offered Celect filter, designed to increase visibility with
platinum markers and specially designed anchors on the
filters feet. The Celect filter was amodification of the Günther
Tulip filter, andwas created to improve retrievability inwhich
the secondary legs do not contact and overlap the primary
legs as with the Tulip filter. The Option Elite filter is a variant
of the Option filter and offers an over-the-wire delivery
system to aid with centering the filter. The Denali and Celect
Platinum filters have two levels of filtration with legs of
differing lengths. While the ALN filter has two levels of struts,
all legs differ slightly in length to prevent entanglement
during delivery. Additionally, the ALN filter now offers a
design with a cranial hook allowing retrieval with the end
users’ choice of snares. Introducer sheath sizes for thesefilters
range from 5F for the Option Elite to 8.4F for the Denali; all
filters can be placed from a jugular or femoral approach.

The ALN filter can be placed from a brachial approach, the
Denali from a subclavian approach, and the small introducer
size of the Option Elite permits an antecubital or popliteal
approach. All conical filters are retrieved from a jugular
approach. These filters are manufactured from stainless steel
(ALN), nickel–titanium alloy (Denali and Option Elite), or
cobalt–chromium alloy (Celect Platinum and Günther Tulip).
All are rated magnetic resonance imaging (MRI) conditional.
The ALNfilter can be placed in an IVCwith amaximal diameter
of 32 mm. The Denali filter is rated for an IVC with a maximal
diameter of 28 mm, and the remaining conical filters can be
placed in an IVC with a maximal diameter of 30 mm.

The two retrievable filters currently marketed in the
United States that do not have a conical design are the
OptEase (Cordis) and the Crux (Volcano, San Diego, CA)
(►Table 1, ►Fig. 2). Both of these filters are made from
nickel–titanium alloy and are rated MRI conditional. The
OptEase has a double-basket design with side struts and six
superior anchoring barbs. Although the filter looks symmet-
rical, suggesting the same filter can be placed from a jugular
or femoral approach, the anchoring barbs preventing cepha-
lad migration are directed differently based on whether the

filter is indicated as a femoral or jugular device. It features a
caudal hook and is retrieved from a femoral approach. The
OptEase uses a 6F introducer sheath and can be delivered via a
jugular, antecubital, or femoral approach; it can be placed in
an IVC with a maximal diameter of 30 mm. The Crux filter is
an entirely different design with two symmetric spiral wire
forms connected at the ends with a web of expanded poly-
tetrafluoroethylene (ePTFE) in the caudal portion, five tissue
anchors, and a sinusoidal retrieval tail at each end. It can be
deployed in an IVC measuring 17 to 28 mm via a jugular or
femoral approach. The delivery sheath measures 9F. Because
of the tails at each end, this filter can be retrieved from either
a jugular or femoral approach.

An alternative to the traditional retrievable filter is the
VenaTech Convertible filter (B. Braun, Melsungen, Germany)
(►Fig. 3). The design of this filter, made from chromium–

cobalt alloy, is based on the permanent VenaTech filter and
features eight arms and lateral stabilizers. The key difference
is that, instead of retrieval, the filter head can be removed via
a jugular approach, “unlocking” the filter and converting the
configuration into a nonfiltration design that appears similar
to a stent when fully converted. The filter can be placed into
an IVC measuring up to 32 mm by a jugular or femoral
approach.

Filter Data

The evidence on the efficacy and potential complications of the
available retrievable filters is limited. While a few prospective
studies exist, most of the published literature is composed of
retrospective cohorts or case reports. When describing com-
plications, most publications conform to the SIR Standards of
Practice Committee definitions as will this article unless
otherwise stated.10 Filter penetration describes a strut or
anchoring device extending more than 3 mm outside of the
vena cava. Filter embolization ismovement of thefilter or filter
component completely out of the target zone. Filter movement
or migration is a change in position of more than 2 cm
compared with its deployed position. Filter fracture is any
loss of structural integrity. Finally, filter tilt is considered
significant when it is more than 15 degrees from the IVC axis.

ALN
Mismetti et al published a prospective study of the ALN filter
with a cohort of 220 patients, 148 of who completed
18 months of follow-up (median follow-up 338.5 days).11

Placement was technically successful in 98.6%. The three
unsuccessful placements were due to one case of IVC stenosis
and two cases of extrinsic IVC compression. Immediate
complications were reported in 11.8% of patients, consisting
most commonly of filter tilt (5.7%), access site hematoma
(4.2%), and filter migration (1.4%). The median dwell time of
the filters was 166 days. Of the 217 patients with filters
implanted, a recurrent venous thromboembolic event oc-
curred at least once in 17%, with an 18 months cumulative
rate of 24.1%. The majority of these patients were either not
receiving anticoagulation or were on prophylactic doses of
anticoagulation. Fatal PE occurred in 2.3% of patients, andDVT
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occurred in 15.2%. Filter retrieval was attempted in 25.3% of
patients and was 92.7% successful at the first attempt and
100% successful after two attempts. A retrospective study
examining early and late retrieval of 123 successfully placed
ALN filters described no evidence of penetration or migration
of these filters,12 although there was a 5% incidence of
significant filter tilt. In this cohort of patients, there were
no symptomatic PE that occurredwhile the filter was in place.
Retrieval was successful in 99% of patients, with amean dwell
time of 93 days (46% of filters were retrieved at >2 months).
Two of the filters with significant tilt required jugular and
femoral access for retrieval; the one unsuccessful retrieval
had severe tilt and no option for femoral access. Amore recent
article demonstrated successful late retrievals of ALNfilters.13

This study examined 29 patients in whom the filter had been
in place for more than 1 year (mean dwell: 25.6 months,
range: 14.8–40.8 months). There was significant tilt present
in 6.8% and filter penetration in 3.4%, but there were no cases
of migration, fracture, or IVC thrombosis. Retrieval success
was 100%, with a combined jugular and femoral approach
needed in two cases. While the aforementioned studies all
report a similar rate of filter tilt, other complications of
fracture and embolization are rare. Filter fracture with leg
embolization has been described in a case report of an ALN
filter in place for 10 years.14Another case of filter fracturewas
also reported in a patient undergoing complex retrieval due
to severe pain from multileg penetration.15 This filter had
been in place over 2 years and also had an embedded tip.
When penetration of ALN filter legs is reported, it is often
associated with prolonged dwell times.13,15,16

Denali
A prospective study evaluating the Denali filter was recently
published.17 This publication represents an interim report
including 200 patients, 160 of who had at least 6 months of
follow-up or retrieval of the filter. Filter placement was
technically successful in 99.5% of cases. The single technical
failure was a filter that was introduced but could not be
deployed. Immediate complications included three patients
with access site pain without clinical sequelae. Six patients
(3%) experienced recurrent PE (one of who also had caval
occlusion). Newor worsening DVTwas reported in 12.8%, and
filter penetration occurred in 2.5% of cases. There was no
reported filter migration, fracture, embolization, or tilt.
Retrieval was attempted in 111 patients with a mean dwell
time of 165 days and was technically successful in 97.3%. Of
note, 39.8% of retrievals occurred after the filter had been in
place more than 6 months. Of the three filters that could not
be retrieved, the hook could not be engaged in two, while in
the third the hook was engaged but the filter could not be
collapsed due to IVC thrombus. There was one case of intimal
injury with caval narrowing following retrieval that required
no intervention. This study is designed with a 2-year patient
follow-up, and these interim results are promising.

Prior Bard retrievable filters, the Recovery and G2, were
plagued with reports of filter fracture and embolization.18–22

While there was no incidence of these complications in the
aforementioned interim analysis of the Denali filter, there is aTa
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published case report of a Denali filter fracture with emboli-
zation that resulted in cardiac tamponade.23 Analysis by
electronmicroscopyof this incident demonstrated high-cycle
metal fatigue. Longer-term results with the Denali filter are
still needed.

Celect
To date, there are no published reports specifically on the
Celect Platinum filter. As this hasminimal modifications from
the Celect filter, data on this filter will be considered. A
prospective study on the Celect filter was published in
2009, including 95 patients.24 The study endpoints were
1 year of follow-up, 3 months of follow-up after retrieval,
or the decision to leave the filter permanently in place.

Placement complications included two cases of deployment
difficulties, one with an introducer malfunction and one
sheath movement with suboptimal position. Tilt of greater
than or equal to 16 degrees at placement occurred in 6.3%.
Retrieval was attempted in 58 patients with a mean dwell
time of 179 days and 96.6% retrieval success rate. The two
unsuccessful cases occurred at 360 and 385 days postinser-
tion, and were due to tilt in one case and an embedded hook

Fig. 1 Retrievable inferior vena cava filters with a conical design. (a) ALN (ALN Implants Chirurgicaux, Ghisonaccia, France); (b) Celect Platinum
(Cook, Bloomington, IN); (c) Denali (Bard; Tempe, AZ); (d) Günther Tulip (Cook); (e) Option Elite (Argon Medical Devices, Plano, TX).

Fig. 2 Retrievable inferior vena cava filters with a nonconical design.
(a) OptEase (Cordis, Fremont, CA); (b) Crux (Volcano, San Diego, CA).

Fig. 3 VenaTech Convertible filter (B. Braun, Melsungen, Germany).
The cranial hook can be detached converting the filter into a non-
filtering configuration.
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in the other. Kaplan–Meier analysis predicted the probability
of retrieval at 100% at 50 weeks and 74% at 55 weeks. Tilt was
also reevaluated at filter retrieval compared with placement.
Therewas a lesser degree of tilt reported in 31% of filters and a
greater degree of tilt in 17.2%. Filter strut penetration as
defined by transmural incorporation was reported in 21
patients. There were no reports of filter perforation, contrast
extravasation, or hemorrhage. There was one fatal PE re-
ported but no cases of IVC occlusion, filter fracture, emboli-
zation, or migration.

Another report on the Celect filter that same year was a
retrospective analysis of 73 patients.25 Successful placement
was 100%, with tilt occurring in 6.5%. Mean follow-up for 71
patients was 68 days (range: 1–370 days). There were two
cases of confirmed recurrent PE (2.8%) and two patients with
symptoms of recurrent DVT. For 17 patients with imaging of
the lower extremity veins, 6 had new DVT (35%). For the 47
patients with imaging follow-up, there was no filter migra-
tion. Of the 18 patients with computed tomographic (CT)
follow-up, filter strut penetrationwas reported in 7 (39%) and
filter fracture in 1 (5.6%). In published studies, the Celect filter
has very few reports of filter fracture. Dinglasan et al reported
two cases of Celect filter fractures of 148 IVC filters retrieved,
whileWang et al reported no cases of filter fracture out of 539
Celect filters with direct follow-up imaging.22,26 Wang et al
also reported a filter migration rate of 3.9% for 534 patients
with pre- and postprocedural imaging. While fracture and
migration are extremely rare, filter strut penetration is
commonly reported for the Celect filter. In a retrospective
analysis of 265 patientswith the Celectfilter and follow-upCT
imaging, penetrationwas seen in 39% within 30 days and 80%
within 90 days.27 Penetration into an adjacent structure was
seen in 13.2% of cases. Another recent study also reported a
high rate of Celect strut penetration that increased with filter
dwell time.28 This study retrospectively evaluated 91 patients
who had at least three follow-up CTs after Celect filter
placement. Strut penetration was noted on the initial fol-
low-up CT (mean dwell time: 75 days) in 36% of patients, and
on the final CT (mean: 554 days) in 79% of patients. Of the
patients with strut penetration noted initially, 66% demon-
strated progressive penetration with additional struts. Pa-
tients with strut penetration also showed a progressive
decrease in IVC cross-section, and a computer model con-
firmed that decreasing diameter leads to increased force,
likely contributing to the progressive penetration.

Another recent retrospective study of 193 Celect filter
placements with follow-up CT imaging had a lower incidence
of strut penetration (28.5%) that was associated with longer
dwell times (>100 days).29 Filter tilt was present in 10.4% of
cases, filter thrombus in 1.4%, and there were no reported
filter migrations. They reported a recurrent PE rate of 12.7%;
however, this was limited to patients who had CT-pulmonary
angiography. In this study, retrieval was attempted in 150
cases with 96.7% success. Strut penetration was not associat-
ed with recurrent PE or retrieval failure. There was one
complication during retrieval with an intraprocedural leg
fracture and embolization to the left pulmonary artery
requiring snare retrieval.

Günther Tulip
A prospective study of the Günther Tulip filter enrolled and
placed filters in 554 patients.30 At placement, filter tilt of
greater than or equal to 16 degrees was reported in 4.5% of
patients, and there was one case of IVC injury without
sequelae. Retrieval was attempted in 275 patients with a
success rate of 90.2%. There were three cases of recurrent PE.
Following retrieval, there was one case of suspected PE with
caval injury and thrombus, and one case of self-resolving
caval stenosis. The mean dwell time of those presenting for
retrieval was 58.9 days, while the mean dwell time for failed
retrievals was 114 days. Failed attempts were attributed to
unsatisfactory hook orientation (10), embedded legs (16),
and small filter clot burden (1). At retrieval, tilt was reeval-
uated and nine filters were assessed to have lesser degree of
tilt, while only three filters had a greater degree of tilt
compared with placement. Kaplan–Meier analysis predicted
the probability of retrieval to be 99% at 4 weeks, 94% at
12 weeks, 67% at 26 weeks, and 37% at 52 weeks.

A more recent retrospective study of the Günther Tulip
filter examined the outcomes of 369 patients with a mean
follow-up of 780 days (range: 1–2,843 days).31 Technical
success of placement was 99.5%, with two cases of malpo-
sition considered technical failures. Other immediate com-
plications included one patient who experienced an
arrhythmia during placement and two access site hemato-
mas. The rate of new or recurrent PE was 3.3% (with two
cases of fatal PE), and the rate of new or recurrent DVTwas
14.4%. Kaplan–Meier analysis calculated the incidence of
new or recurrent PE to be 3% at 1 year, 4.6% at 2 years, and
5.2% for years 3 to 5. Kaplan–Meier analysis for new or
recurrent DVT incidence was 11.6% at 1 year, 15.7% at
2 years, and 21.2% at 4 years. IVC thrombus was seen in
4.1%. Filter migration occurred in 12.5% and filter fracture
occurred in 0.4%, although all were asymptomatic. There
were no reports of filter embolization. Of 122 patients with
follow-up CTs, caval penetration was noted in 43.3%. Re-
trieval was attempted only in 10 patients with amean dwell
time of 66 days; retrieval was successful in 90%.

Option
A prospective study on the Option filter included 100 patients
whowere followed up for 180 days after placement or 30 days
after retrieval.32 Initial placement was 100% technically suc-
cessful, but only 88% clinically successful. The clinical failures
were a combination of 13 events in 12 patients, including an
8% rate of recurrent PE, 3% rate of symptomatic caval throm-
bosis, and 2% rate of filter migration. Of the eight cases of
recurrent PE, only six were confirmed by imaging and four
deemed to be filter related. Recurrent DVToccurred in 18% of
patients. Retrieval was attempted in 39% of patients and
successful in 92.3% of those with a mean dwell time of 67.1
days (range: 1–175 days). Caval irregularity was noted
following 16.7% of retrievals, but none required intervention.
At the time of retrieval, filter tilt was seen in 7.7%. The Option
Elite has minimal modifications from the Option and out-
comes presumably would be similar to the earlier published
data.
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OptEase
A prospective study of the OptEase filter evaluated outcomes
in 126 patients at 1 month and 95 patients at 6 months in
whom the filter was placed as a permanent device.33 OptEase
filter placement occurred in 150 patients, with the only
immediate complication being a single case of filter tilt
(17 degrees). At 1-month follow-up, symptomatic filter-
related DVTwas reported in one patient and caudal migration
in another. Additionally, therewere four newcases of filter tilt
and two newcases of filter fracture. At 6-month follow-up, no
additional cases of filter-related symptomatic thrombosis or
filter migration were reported; however, there were three
new cases of filter tilt and one new case of filter fracture.
There were no cases of recurrent or new PE in this study. The
long-term outcomes of the OptEase filter were evaluated in a
retrospective study of 71 patients with a mean follow-up of
20 months (range: 1–78 months).34 Technical success of
placement was 98.6% with one malpositioned filter placed
upside down. PE was clinically suspected in 11 patients
(15.5%); however, 8 of these patients underwent CT-pulmo-
nary angiography and there were no new visible PEs. While
clinical symptoms of DVT occurred in 10% of patients, only
one patient (1.4%) demonstrated a new DVT on imaging.
Symptomatic caval occlusion occurred in one patient. No
filter fracture, migration, penetration, or tilt was reported.
Retrieval was planned in 24% of patients and successful in
70.6% of those cases (12 of 17 patients). In the cases of failed
retrieval, three patients had filter thrombus; one filter was
adherent to the caval wall at 12 days and one filter could not
be retrieved into the sheath. This final was damaged and
dislodged, ultimately requiring surgical removal.

There is a recently published study examining the delayed
retrieval outcomes of the OptEase and TrapEase filters.35 This
retrospective study examined the retrieval of five OptEase
and five TrapEasefilters that had greater than 60 days of dwell
time. The average dwell for the OptEase patientswas 977 days
(range: 123–2,584 days), and the average dwell for the
TrapEase patients was 1,273 days (range: 129–3,582 days).
Retrieval was technically successful in 100%. All patients had
caval stenosis following retrieval, with two patients under-
going angioplasty and one with stent placement. There was a
single case of an IVC pseudoaneurysm that resolved, one case
of a fractured filter strut left embedded in the caval wall, and
two patients with multiple barbs left embedded. Another
study evaluated retrieval of just the OptEase filter.36 Of 811
OptEase filters placed, 164 patients were referred for retriev-
al. Retrieval was deferred in 25 patients due to large (>1 cm)
thrombus present in the filter. The remaining 139 patients
were evaluated as two groups: retrieval attempted before
2007 (60 patients, Group A) and retrieval attempted from
January 2007 onward (79 patients, Group B). Overall retrieval
successwas 92% (95% for Group A, 90% for Group B). Themean
dwell time was statistically longer for group B (31.0 � 29.8
days vs. 17.7 � 9.2 days). Of the 11 retrieval failures, four
were due to an inability to engage thehook (three for GroupA,
one for Group B) and seven were due to an inability to sheath
the filter (all Group B). Retrieval failures had a mean dwell
time of 16 days for Group A and 54 days for Group B. The

OptEase filter’s “Instructions for Use” recommends retrieval
within 12 days. While this study indicates that retrieval is
possible at longer dwell times, retrieval of the OptEasefilter is
likely more difficult with longer dwell times compared with
conical filters due to the six vertical struts contacting the
caval wall and potentially being incorporated by the intima.

Crux
Aprospective studyof the Cruxfilter followed up 125 patients
for 180 days after placement or 30 days after retrieval.37

Placement was technically successful in 98.4%. There was a
single case in which the cranial loopwas placed too high, and
a single case in which the device moved caudally when the
delivery sheath was retracted. Both of these filters were
successfully retrieved. Clinical success occurred in 96% of all
patients. This was decreased to 95.1% when patients who did
not complete the study were excluded, and further decreased
to 94.4% of patients when suspected but unproven PE were
included. The recurrent PE rate was 2.4% for patients with
proven PE, and 4% for patients with suspected or proven PE.
Nonocclusive thrombus was seen in or near the filter in 7.2%
of patients. Therewas a recurrent DVTrate of 10.4%; however,
there were no reported filter migrations, embolizations,
fractures, or tilt. Retrievalwas attempted in 54 of 123 patients
(43.9%) at a mean of 84.6 days (range: 6–190 days, and was
successful in 98.1% of cases. The single failed retrieval oc-
curred at a dwell time of 167 days. There was a single self-
limited IVC pseudoaneurysm reported.

VenaTech Convertible Filter
The VenaTech Convertible filter was investigated in a multi-
center clinical trial in the United States (ClinicalTrials.gov
NCT01112917).38 The primary endpoint of the study assessed
the technical success of filter conversion without the loss of
filter head components or incomplete opening of the filter
legs. Patients were followed up for 6months to evaluate them
for any adverse events. The filter has been approved for
clinical use by the FDA, and publication of the clinical trial
results is anticipated.

There is a published preclinical trial of the VenaTech Con-
vertible filter evaluating filter conversion in 49 Pre-Alp sheep.39

Conversion of the filter was attempted immediately following
placement (19 filters), or after 1, 3, or 6 months (20 filters).
Immediate conversion was 100% successful. Of the delayed
conversions, the filter head was unlocked easily in 19 of 20. In
12 cases, thefilter opening required theuse of a 9-mmballoon to
completely juxtapose the filter against the IVC. On gross ana-
tomic examination, the filter stabilizers were completely incor-
porated into the caval wall within 4 weeks. There were no cases
of filter thrombosis, migration, or tilting.

Comparative Studies
There are few studies directly comparing filters to one
another. A recent retrospective study examined 225 Celect,
160 Günther Tulip, and 50 Greenfield filters in patients with
follow-up CT imaging.40 The mean dwell time for the Celect
and Tulip filters were 277 and 437 days, respectively. Pene-
tration of one or more legs was seen with 49% of Celect filters
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and 43% of Tulip filters, with strut penetration more likely in
filters with more than 90 days of dwell time. Progression of
leg penetrationwas seen in 38.8% of Celect filters and 20.5% of
Tulip filters. Therewere two cases of Celectfilter fracture seen
at 324 and 566 days and one case of Tulip fracture at 781 days.
A separate retrospective study comparing the rates of strut
penetrationwith the Günther Tulip filter and the Option filter
examined CT follow-up of 37 Tulip filters and 21 Option
filters.41 There was strut penetration in 22% of Tulip filters
and 10% of Option filters, although this difference was not
statistically significant. Günther Tulip filters, however, dem-
onstrated an increased likelihood of leg penetration with
increased dwell time, while Option filter penetration did not
appear time dependent. Another retrospective study exam-
ined 99 Celect and 86 Option filters.42 Tilting that abutted
caval wall was reported in 8.9% of Celect filters and 16.7% of
Option filters, although the difference was not statistically
significant. Perforation was significantly increased in Celect
filters (43%) when compared with Option filters (0%).
Retrieval of the Celect filters was attempted in 59% of patients
with a mean dwell time of 2.1 months, demonstrated a 3.4%
failure rate, and required advanced techniques in 5.4%.
Retrieval of the Option filters was attempted in 76% of
patients with a mean dwell time of 1.94 months, had a
7.7% failure rate, and required advanced techniques in
18.3% of cases. Despite increased strut penetration with the
Celect filter, retrieval of the Option filter required increased
use of adjunct retrieval techniques and increased fluoroscopy
time.

Future Directions

As vena cava filters continue to be placed in large numbers,
research into alternative filter designs continues to advance.
The Angel Catheter (BiO2 Medical, San Antonio, TX) is a new
temporary filter and central venous catheter combination
available in Europe (►Fig. 4). This is a triple lumen central
venous catheter with a tethered, temporary IVC filter made of
nickel–titanium alloy. The filter has a self-centering design
without barbs or hooks. It is placed by a femoral approach,
and is designed for placement at bedside without fluoroscop-
ic guidance. This device can be placed in an IVC measuring 15
to 30 mm in diameter, but should be removedwithin 30 days.
For removal, the filter is collapsed into the 9F catheter and the

catheter and filter are removed as a unit. Outcomes of the
Angel Catheter were initially reported from a pilot study of
eight patients.43 The combined filter and central venous
catheters were all placed at the bedside without the use of
fluoroscopy. There was a mean dwell time of 4 days and
patients were followed up for 30 days following placement.
There was no reported DVT or PE, catheter-related thrombo-
sis,major bleeding, or catheter-related bloodstream infection.
A pre-retrieval cavogram was performed in six of the eight
patients (one device was removed inadvertently at the bed-
side and one patient had a contrast allergy). Of the six
cavograms performed prior to device removal, one demon-
strated a 5-cm trapped thrombus; this patient underwent
placement of a conventional retrievable filter as thrombo-
lytics were contraindicated. A more recent publication as-
sessed the outcomes of 60 patients at eight centers who
underwent placement of the Angel Catheter.44 Average fol-
low-up was 17 days and average dwell time was 6 days.
Bedside placement occurred in 90% of patients, with correct
placement confirmed by radiograph. The device could not be
visualized in one patient and was subsequently removed. In
these patients, there was one PE diagnosed 1 day after filter-
catheter placement that was not clinically relevant and may
have been present prior to device placement. There were no
catheter-related bloodstream infections or access site infec-
tions. Migration of the filter occurred in two patients; how-
ever, the filter remained attached in all instances. Pre-
retrieval imaging was performed in 73% of cases . The device
was inadvertently removed in 7%, and 10% of patients died
with the device in place. Of those with imaging, 5% had clots
greater than 2 cm in size. One patient in this cohort under-
went thrombolysis, while the other had a conventional
retrievable filter placed. There were no reported complica-
tions with removal of the device.

In a similar concept to the VenaTech Convertible vena cava
filter, Novate Medical (Galway, Ireland) has developed a
convertible vena cava filter, the Sentry (►Fig. 5). However,
in great distinction to the VenaTech Convertible filter, the
Sentry vena cava filter is bioconvertible. The Sentry does not
require an additional procedure to convert into a nonfiltering
configuration, but converts spontaneously at a minimum of
60 days. A prospective, multicenter clinical trial is currently
underway (ClinicalTrials.gov NCT01975090). This trial will
evaluate the technical success in deployment, freedom from
symptomatic PE, and freedom from IVC filter-related compli-
cations as a composite primary endpoint. Patients will be
followed up for 12 months.

A step further than the Sentry bioconvertible filter is
research into creating a completely absorbable vena cava
filter.45,46 While research is still in the early stages, a recent
study examined the effectiveness of infusing an absorbable
IVC filter with iodine-based contrast agents to produce a
more radiopaque device.47 This increased the radiopacity of
an absorbable IVCfilter, so it was visible onmicro-CT imaging.
Increased visualization permits potentially improved deploy-
ment and monitoring of this developing technology.

There are also attempts to design a drug-eluting vena cava
filter.48 In this study, the Aegisy filter (Lifetech Scientific

Fig. 4 Angel Catheter (BiO2 Medical, San Antonio, TX). A temporary
filter and central venous catheter combination available in Europe.
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Corporation, Shenzhen, China) was coated with rapamycin
and heparin in an attempt to inhibit intimal hyperplasia and
thrombus formation. Filters with and without drug coating
were placed in 12 adult sheep. More than half of the heparin
was released at day 1, while the rapamycin elution occurred
little in the first few days and then increased at 20 to 30 days.
Filter thrombus was the same in experimental and control
groups and the effect of the heparin was not satisfactory.
Filters were retrieved at 10, 20, or 30 days, either by laparot-
omy or endovascular means. Filters without drug coating
were successfully retrieved endovascularly only at the day 10
endpoint, while the drug-eluting filters were retrieved at the
day 10 and 20 endpoints. No filters were successfully
retrieved at day 30 by endovascular techniques. On gross
examination, intimal hyperplasia was decreased in the drug-
eluting group at day 20 but was similar to the control group at
day 30. On gross examination, the experimental filters also
demonstrated increased adhesion between the IVC and adja-
cent tissues compared with control filters.

Conclusion

The ideal filter design remains elusive. The understanding of
near and long-term filter performance continues to evolve, and
the clinical milieu remains in flux. Each of the current designs
has strengths and weaknesses, and as a result individual opera-
tor preference remains a powerful factor in device selection.
Regardless of which device one chooses to place, what is known
is that careful patient selection and follow-up are essential in the
management of patients with vena cava filters.
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