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S
tudies have shown that inferior vena cava (IVC)
filters are effective in the prevention or reduc-
tion of pulmonary embolism (PE) in patients
with contraindications to anticoagulation or in

whom anticoagulation has failed.1-3 There are risks asso-
ciated with increased indwelling time with these
devices, including fracture, IVC penetration, IVC throm-
bosis, and development or worsening of deep venous
thrombosis (DVT).4-7 Retrievable filters were developed
to avoid long-term complications in patients who need
only short-term caval filtration. During the last several
years, the use of retrievable filters has been on the rise,
with low complications and good efficacy in the pre-
vention of PE.8-13

However, their slightly higher cost and relative lack of
long-term follow-up compared to the available perma-
nent devices may limit their general use. Table 1 details
several filters that are currently available.

Early data suggest that a significant portion of retriev-
able filters are not removed, and many patients do not
receive long-term follow-up for these devices. Two
types of retrieval rates are reported: (1) the overall
retrieval rate refers to the rate of retrieval of all filters
placed with intention to retrieve, and (2) the procedur-
al retrieval rate refers to the technical success of filters
undergoing removal attempts. Numerous studies have
shown the overall retrieval rate to be low for various
reasons, including lack of patient follow-up, continued
need for caval filtration, and the inability to remove fil-
ters.14-16 The reported procedural retrieval success rate
(successful removal rate) tends to be high.11-14

PL ACE MENT
Avoid Tilt

Ease of retrievability is significantly influenced by fil-
ter placement. The avoidance of significant tilt and wall
contact with the apex or hook of the filter will make

the filter less likely to be significantly incorporated into
the caval wall. Additionally, larger IVC diameters can
result in increased tilt. A large tilt angle may decrease
the effectiveness of the filter in trapping clots, and it
also increases technical difficulty during removal. A tilt-
ed filter has increased exposure to the caval wall, which
can lead to significant incorporation. Filters with signifi-
cant tilt should be repositioned immediately. Certain fil-
ters are more “self-centering” because of their design,
although they can still tilt at placement.
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TABLE 1.  RETRIEVABLE FILTERS

Type Comments Retrieval Set Size

ALN

(ALN, Bormes les

Mimosas, France)

Stainless steel 9 F

Celect (Cook Medical,

Bloomington, IN)

Second-generation

GTF

11 F

Günther Tulip filter

(GTF) (Cook Medical)

Longest history 11 F

G2 and G2 X (Bard

Peripheral Vascular,

Inc., Tempe, AZ)

Nitinol design 12 F

Optease

(Cordis Corporation,

Warren, NJ)

Directional 

polarity

7- to 10-F 

sheath

Option (Angiotech

Pharmaceuticals, Inc.,

Vancouver, British

Columbia, Canada)

Nitinol design 8 or 10 F



IVC Size Consideration
Furthermore, do not place a filter in an IVC that is

too large for the device. For the G2 and G2 X filters,
the IVC diameter should be 28 mm or less. For the
Option filter, the IVC diameter should be 30 mm or
less. For the GTF or Celect filter, the recommended
diameter of the IVC is 30 mm or less. When an IVC
diameter is too large, it can result in tilting, migration,
fracture, or penetration, making retrieval difficult or
impossible. For this reason, it is important to properly
size the IVC diameter using the IVC venogram before
filter placement. For a megacava, considerations
should be given to bilateral iliac vein location for
placement (Figure 1).

RETRIEVAL
Preretrieval Workup

The retrieval indication must be reviewed for appro-
priateness. Do not remove filters without assessing the
indication for retrieval beforehand. Some patients need
to be anticoagulated, and these arrangements must be
made. The type of anticoagulation (either low-molecu-
lar-weight heparin or warfarin) should be determined
before the procedure. Lower extremity duplex ultra-
sound is performed in patients without a history of
DVT and who have had a filter placed for prophylaxis.
In patients who have a history of DVT and will resume
anticoagulation after filter retrieval, ultrasound is usu-

ally not necessary unless there is a change in clinical
condition that warrants it.

Clot Burden
In cases of small clots within the filter cone (25% or

less cone volume), retrieval may be performed (Figure 2).
However, when there is large clot burden, filters are usu-
ally not removed, and patients are typically anticoagulat-
ed and brought back at a later time for reassessment.

42 I ENDOVASCULAR TODAY I JULY 2009

COVER STORY

Figure 1. A 45-year-old bariatric patient had filter placement

before surgery. IVC venography was performed after filter

placement. Patient had megacava (IVC diameter > 3 cm).

Filters were placed in the iliac veins (arrows).

Figure 2. Venogram obtained of a patient before filter

retrieval showed clot within the filter cone (arrow) (A). After fil-

ter extraction, a photograph was obtained showing the clot,

which elongated as it was pulled into the sheath (arrow) (B).

Figure 3. Image obtained during GTF retrieval showed the

hook of the filter outside the sheath on this view (arrow), pre-

venting sheathing of the filter.
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Avoid “T-Bone”
The “T-bone” formation between the filter tip and

retrieval sheath should be avoided. When apparent
engagement of the filter tip or hook is associated with
difficulty of sheathing the filter, oblique views are need-
ed to ensure that the tip of the filter is within the
sheath. The most likely scenario is that the filter tip is
outside the sheath, which can be demonstrated on
oblique views. For GTF or Celect, snaring the filter

below the hook, rather than at the hook itself, can result
in a slight tilt angle, and the filter tip forms a T-bone
configuration in relation to the sheath (Figure 3). 

Allowing the cone to grasp the side of filter in the
case of the G2 or G2 X will result in the T-boning and
inability to sheathe the filter (Figure 4). When the angle
of the filter in relation to the retrieval cone is not
straight, the cone can dock on the side of the filter; the
side of the filter rather than the tip is grasped. This will
prevent sheathing of the filter. From one view, it may
look like the tip is within the sheath, but different
views will prove otherwise. When this occurs, it is
important to release the filter and re-engage it correct-
ly. Application of too much force in these cases can
deform the filter and the sheath.

Tilted Filter
A significantly tilted filter with or without an incor-

porated filter tip can prevent engagement with a snare
or cone (Figure 5). Various reports have described ways
of dealing with tilted filter retrieval with or without tip
(or hook) incorporation. The loop snare technique has
been previously described.17 Caution should be taken
when this technique is used with the Celect or G2 fil-
ters, because the arms and legs of the filter around
which the loop is formed could be severely snagged.
Furthermore, this could prevent further retrieval
attempts. For the GTF, it is important not to loop the
wire around the secondary struts, because this will pull

Figure 5. This filter was significantly tilted at placement.The

filter was recaptured and repositioned properly (not shown).

Figure 4. Example of T-bone of the G2 filter. On this view, it could appear that the cone is directly over the filter tip (A). On this

perpendicular view, however, the cone is clearly to the side of the filter (B).The filter could be grasped on the side by the cone,

forming the T-bone configuration and not allowing the filter to be properly sheathed (C).
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up the struts and prevent proper sheathing of the filter
(Figure 6).

Excessive Force 
It is unknown how much force can be applied in filter

retrieval before vascular damage will result. The degree
of incorporation determines the amount of force
required to pull the filter off the IVC wall. In general,
due to its design, the GTF tends to become incorporat-
ed more from the wall contact of the secondary legs,
whereas the Celect and G2 do not have the same
degree of incorporation and, at least in theory, are less
likely to be so incorporated to the extent that it makes
retrieval impossible. When excessive force is used, dam-
age to the IVC may result (Figure 7).

DISCUSSION
PE has been reported as one of the most preventable

causes of death in hospitalized patients, in addition to
being a significant source of morbidity.18,19 Anti-
coagulation is the standard therapy for DVT even
though a high incidence of PE occurs despite adequate
anticoagulation.18 The safety and efficacy of permanent

IVC filters has been demonstrated in numerous
studies,1-3,7 but their use has been continuously ques-
tioned.20,21 A randomized prospective study showed a
lower rate of PE in patients who had an IVC filter implant-
ed compared to the group who did not at 12 days, but
there was no difference in the PE or survival rate at 2 years,
suggesting there is short-term benefit with filters.22

There might be an advantage to using the retrievable
filters to prevent short-term PE, which also avoids long-
term complications. The use of retrievable filters has
been increasing both as permanent devices and short-
term protection. Even though long-term data are lacking,
studies have shown these new filters to be safe and
effective,8-12 and there is a continuous effort to improve
their design.

The SIR guidelines specify that indications for an IVC
filter can be divided into three categories: absolute, rela-
tive, and prophylactic.23 Absolute indications are docu-
mented venous thromboembolic disease with con-
traindication to anticoagulation, failure of anticoagula-
tion, significant complications from anticoagulation, or
the inability to be properly anticoagulated. Relative
indications include large free-floating thrombus, throm-
boembolic disease with limited cardiopulmonary

Figure 6. The loop snare technique was used in this GTF

retrieval.The secondary struts were engaged resulting in a

bungled mesh at the top of the filter (arrow), preventing its

retrieval. Avoiding the secondary struts of the GTF is impor-

tant for proper retrieval.

Figure 7. Venogram obtained after IVC retrieval, which

required more than usual force, showing contrast extravasa-

tion (arrow) (A).The patient was stable and asymptomatic.

Follow-up venogram after 10 minutes of observation showed

the defect to be resolved (arrow) (B).
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“The use of retrievable filters has been
increasing both as permanent devices and

short-term protection.”



reserve, recurrent PE in a patient with an IVC filter in
place, and DVT thrombolysis. In addition, IVC filter
placement has been advocated prophylactically in
patients with high risk of venous thromboembolic dis-
ease. This group of patients includes those with massive
trauma and those with an upcoming surgery who have
prolonged immobility. This group of patients would
most benefit from temporary IVC filtration from
retrievable filters.24-26 

CONCLUSION 
There have been numerous reports of different

techniques that have been used in difficult filter
retrievals.17,27-30 In all interventional procedures, care
must be taken to avoid complications. It is important
to remember that future retrievability is most influ-
enced by initial filter placement. In cases when it is not
possible to retrieve the filter, it becomes a permanent
device. As such, it is vital not to alter its configuration,
because it may make it less effective and more prone to
complications. ■
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