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PURPOSE

We aimed to evaluate the efficiency of placing an inferior vena cava (IVC) filter through the same
popliteal vein access site used for percutaneous endovenous intervention in patients with exten-
sive lower extremity deep vein thrombosis.

METHODS

This retrospective study included 21 patients who underwent IVC filter insertion through the
popliteal vein over a three-year period. Patient medical records were reviewed for the location of
the deep vein thrombosis, result of filter removal, and total number of endovascular procedures
needed for filter insertion and recanalization of the lower extremity venous system. Follow-up
lower extremity computed tomography (CT) venography was also reviewed in each patient to
assess the degree of filter tilt in the IVC.

RESULTS

All patients had extensive lower extremity deep vein thrombosis involving the iliac vein and/or
femoral vein. Seventeen patients showed deep vein thrombosis of the calf veins. In all patients,
IVC filter insertion and the recanalization procedure were performed during a single procedure
through the single popliteal vein access site. In the 17 patients undergoing follow-up CT, the mean
tilt angle of the filter was 7.14°+4.48° in the coronal plane and 8.77°+5.49° in the sagittal plane. Filter
retrieval was successful in 16 of 17 patients (94.1%) in whom filter retrieval was attempted.

CONCLUSION

Transpopliteal IVC filter insertion is an efficient technique that results in low rates of significant
filter tilt and enables a single session procedure using a single venous access site for filter inser-
tion and percutaneous endovenous intervention.

nary embolism (PE) from lower extremity deep vein thrombosis (DVT) (1). In addition,

prophylactic IVC filter insertion has been proposed as a strategy to prevent PE during
percutaneous endovenous intervention (PEVI) such as catheter-directed thrombolysis and
mechanical thrombectomy of proximal DVT (2). PEVI is being increasingly used as a pow-
erful tool in the management of acute proximal DVT. Instrumentation of extensive fresh
thrombus during PEVI is potentially associated with iatrogenic PE, and the placement of a
retrievable filter in the IVC during thrombolytic therapy, angioplasty, and stent placement
can prevent silent and symptomatic PE in patients with thrombosis of the iliocaval segment
3.

Placement of an IVC filter is commonly accomplished using the right femoral or right
internal jugular vein approach with the patient in the supine position. However, the pref-
erential venous access site for PEVI is the popliteal vein with the patient in the prone posi-
tion. Therefore, prophylactic IVC filter insertion and PEVI usually require a minimum of two
venous access sites, which increases the potential for hemorrhage and patient discomfort.

This study examines the efficiency of IVCfilter insertion through a popliteal vein approach
in patients with extensive lower extremity DVT.

Methods

Study population
This retrospective study received institutional review board approval. We retrospectively
analyzed the medical records of 21 patients who underwent IVC filter insertion via popliteal
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venous access between January 2012 and
July 2015. Thirteen patients were women
and eight patients were men. The mean age
was 61.7 years (range, 30-86 years). Data
describing the symptom duration, pre-
disposing factors for DVT, location of DVT,
D-dimer levels within three days before the
procedure, filter duration data, and amount
of contrast agent (iohexol, Omnihexol 300,
Korea United Pharm Co.) used during IVC
filter insertion and PEVI were collected from
the medical records of each patient, and
lower extremity computed tomography
(CT) venography data were obtained. The
rethrombosis rate was evaluated in patients
who underwent follow-up CT venography
or Doppler sonography after IVC filter inser-
tion and PEVI.

Inferior vena cava filter insertion

Anticoagulation management was per-
formed in 18 of 21 patients before IVC fil-
ter insertion. Subcutaneous low-molecu-
lar-weight heparin (n=12), oral rivaroxaban
(n=7), oral warfarin (n=6) and intravenous
unfractionated heparin (n=5) were used be-
fore the procedure.

In all patients, a popliteal vein approach in
the leg with the venous thrombosis was at-
tempted. The ipsilateral popliteal vein punc-
ture was done under ultrasonography guid-
ance, with a micro-puncture set employing
a 21-gauge needle (Cook Medical), and was
followed by the insertion of an 8F angiogra-
phy introducer sheath (Radifocus, Terumo).

A 5F headhunter type angiographic cath-
eter (Boston Scientific) was then introduced

* Prophylactic inferior vena cava filter (IVC)
placement has been proposed as a method
to decrease the risk of pulmonary embolism
when performing percutaneous endovenous
intervention (PEVI) for deep vein thrombosis.

* Usually, IVC filter insertion and PEVI require
two separate procedures performed on
different days because of the need for
different access sites.

* IVC filter insertion through the ipsilateral
popliteal vein is an efficient procedure that
can be performed in conjunction with PEVIin
a single session through a single access site.

* In this study, the filter was successfully
placed in all patients through the popliteal
vein without procedural or post-procedure
complications. Furthermore, this method
was associated with a low occurrence of
significant filter tilt.

and passed through the venous segment
containing the thrombosis. After the an-
giographic catheter was entered into the
IVC lumen, a double-basket shaped retriev-
able IVC filter equipped with a 90 cm length
introducer set (OptEase filter, Cordis) was
introduced along a stiff guidewire (Cook
Medical) and deployed in the infrarenal IVC
under fluoroscopic guidance.

Percutaneous endovenous intervention
After IVC filter insertion, endovascular
treatment, including aspiration throm-
bectomy or thrombolysis, was performed
for iliofemoral vein thromboses. For
thrombolysis, infusion was performed
using a multi-sideport infusion catheter
(Multi-Sideport catheter infusion set, Cook
Medical). Before thrombolytic therapy, ve-
nography was once again performed to
confirm the position of the catheter and
evaluate the IVC thrombus. The catheter
was placed within the thrombosed venous
segment and urokinase (Green Cross) was
administered via a continuous infusion
(100 000 IU/h). Patients received systemic
anticoagulation with a 3000 IU bolus of in-
travenous heparin and continuous infusion
(3000 1U/h) of intravenous heparin via the
side arm of the vascular sheath. The status
of lysis was monitored using venography
at 30 min intervals. If only partial lysis was
achieved, the infusion catheter was repo-
sitioned within the residual thrombus and
the infusion was continued. The start and
end times of thrombolysis and the total
amount of urokinase administered were
recorded. Aspiration thrombectomy was
performed to clear softening thrombi. As-
piration thrombectomy was performed in a
forward-and-backward manner using an 8F
guiding catheter (Guider soft tip XF; Boston
Scientific) while maintaining negative pres-
sure with a 20 or 50 mL syringe. To prevent
body volume loss during aspiration throm-
bectomy, the same amount of heparinized
saline was infused manually via the sheath
side arm. The start and end times of aspira-
tion thrombectomy were recorded. For any
remaining flow-limiting lesions after throm-
bolysis or thrombectomy, adjuvant endo-
vascular treatments such as balloon angio-
plasty or venous stenting were performed
to completely restore venous flow. Initial
dilatation for reconstruction of the iliac vein
was achieved with an 8 to 12 mm diameter
balloon catheter (Boston Scientific). Stents
were placed over a guidewire into the iliac
vein and were typically 10-14 mm in di-
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ameter and 6-8 cm in length. Smart stents
(Cordis) and Protégé stents (ev3) were com-
monly used to reconstruct the iliac vein.
Filter removal was attempted through
the right common femoral vein after endo-
vascular treatment of the DVT. A loop snare
device (ev3) was used for filter retrieval.

Measuring filter tilt

Filter tilt was defined as the angle be-
tween the long axis of the filter and the IVC
wall. The long axis of the IVCfilter is a virtual
line between the cranial apex marker and
the caudal hook. The filter tilt measurement
was performed by three-dimensional ren-
dering software (Aquarius iNtuition viewer,
Terarecon). After loading the follow-up CT
venography image data using this software,
multiplanar reformatted images, including
the coronal and sagittal planes, were ob-
tained. With this reconstructed image data,
the filter tilt was measured in the coronal
and sagittal planes (Fig. 1). We also mea-
sured the filter tilt of 13 patients who un-
derwent IVC filter insertion via contralateral
femoral access between March 2012 and
July 2015 to compare the difference in the
degree of filter tilt between ipsilateral pop-
liteal and contralateral femoral access.

Statistical analysis

To evaluate the efficacy of the transpopli-
teal venous IVC filter insertion, we analyzed
the degree of filter tilt in each patient. Ac-
cording to the Society of Interventional
Radiology definition (4), significant filter
tilt considered as an insertion problem was
defined as a filter tilt >15° from the IVC axis
as seen in the coronal or sagittal plane. The
success of filter removal was also evaluated
to assess the ease of filter removal. A paired
t-test was performed to compare the differ-
ence in filter tilt degree between the cor-
onal and sagittal planes. An independent
samples t-test was performed to compare
the difference in filter degree between the
ipsilateral popliteal and contralateral fem-
oral access sites. The level of significance
was set as P < 0.01 for the statistical anal-
yses. The Statistical Package for the Social
Sciences (SPSS 21.0 for windows, IBM Corp.)
was used to perform the statistical analyses.

Results

The median DVT symptom duration for
the enrolled patients was three days (range,
0.2-14 days) (Table). Seventeen patients
showed thrombosis of the distal veins, such
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Figure 1. a, b. Measurement of filter tilt. Reconstructed coronal computed tomography (CT) image
(a) shows the axis of the inferior vena cava (IVC) filter, with a tilt angle of 4.18°. Reconstructed sagittal
CT image (b) shows the axis of the IVC filter with a tilt angle of 1.96°. Arrows in (a) and (b) indicate
angle created by the axis of the filter with respect to the IVC.

Figure 2. a, b. Significant filter tilt. Reconstructed coronal CT image (a) shows the axis of the IVC filter
with a tilt angle of 7.86°. Reconstructed sagittal CT image (b) shows the axis of the IVC filter with a tilt
angle of 18°. Arrows in (a) and (b) indicate angle created by the axis of the filter with respect to the IVC.

as the calf veins, as well as the proximal
iliofemoral veins. In all patients, recanali-
zation procedures (such as thrombectomy
or catheter-directed thrombolysis) and IVC
filter insertion for the prevention of PE were
performed sequentially through a single
popliteal vein access site. Aspiration throm-
bectomy (n=21) and catheter-directed
thrombolysis (n=16) were performed to re-
canalize the occluded lower extremity veins

immediately after IVC filter deployment.
For catheter-directed thrombolysis, uroki-
nase was infused continuously for several
hours (range, 1.5-4 hrs, mean, 3.21+0.95
hrs) at 100 000 IU/h. The median amount
of infused urokinase was 330 000 IU (range,
140 000-540 000 V). The mean duration of
aspiration thrombectomy was 11.48+5.16
min (range, 5-22 min). Adjuvant endovas-
cular treatment, including venous stent or

balloon angioplasty in cases of flow-limit-
ing venous pathology, was performed in 15
patients. The mean amount of contrast me-
dia used during IVC filter insertion and PEVI
was 114.76+23.58 mL (range, 80-150 mL).
There were no major complications during
or after the procedure. Either follow-up CT
venography (n=17) or Doppler ultrasonog-
raphy (n=4) was performed in all patients.
Rethrombosis of treated segments were
observed in 6 of 21 patients (28.6%) during
the follow-up period.

In all patients (n=21), OptEase filters were
successfully deployed in the infra-renal IVC
through the ipsilateral popliteal vein access
site. Balloon angioplasty of the iliac vein
was needed in one patient with severe ili-
ac vein stenosis prior to filter deployment.
Follow-up CT venography data were ob-
tained in 17 patients within two weeks of
the procedure. The degree of filter tilt in
each patient is listed in the Table. The mea-
sured mean filter tilt was 7.14°+4.48° in the
coronal plane and 8.77°+5.49° in the sagit-
tal plane. Although the sagittal filter tilt was
larger than the coronal filter tilt, this differ-
ence was not statistically significant (P =
0.238). Considerable filter tilt, defined as tilt
>15°, was observed in three patients, and
the maximal filter tilt was 18° (Fig. 2). In 13
patients who underwent IVC filter insertion
via contralateral femoral access, the mea-
sured mean filter tilt was 6.03°£3.48° in the
coronal plane and 6.99°+1.87° in the sag-
ittal plane. Although the mean filter tilt in
the contralateral femoral access group was
smaller than the ipsilateral popliteal access
group, this difference was not statistically
significant in the coronal (P = 0.464) or sag-
ittal (P =0.229) planes.

Filter retrieval was attempted in 17 of 21
patients. The indication for permanent fil-
ter placement was persistent DVT in three
patients and patient refusal of the retriev-
al procedure in one patient. In 16 patients,
the OptEase filter was successfully removed
after a mean filter dwell time of 20.13 days.
The longest filter dwell time was 37 days. In
one patient, the filter could not be removed
because the caudal hook of the filter was
embedded into the IVC wall: the sagittal tilt
of the filter in this patient was 14.3°.

Discussion

Generally, IVC filter insertion and PEVI re-
quire two separate procedures performed
on different days because of the need for
different access sites. Popliteal vein IVC filter
insertion is an efficient procedure that can
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Table. Patient characteristics and degree of filter tilt

Duration of Predisposing Location of Preprocedural Coronal tilt Sagittal tilt
Patient Age (yrs)  Sex symptoms (days)  factors thrombus D-dimer (mg/L) angle* (°) angle* (°)
1 63 F 0.5 Unknown Both 13.95 34 5.4
2 72 F 5 Immobilization Left 6.68 = -
3 69 F 7 May-Thurner syndrome Left 27.17 1.7 5.75
4 57 F 0.2 May-Thurner syndrome Left 27.09 - -
5 63 M 7 Unknown Left 6.31 8.4 5.8
6 36 [F 7 Immobilization Left 5.01 7.17 14.3
7 77 M 0.2 Immobilization Left 8.82 2.58 5.73
8 78 F 0.3 May-Thurner syndrome Left Not checked 0 13.1
9 71 F 1 May-Thurner syndrome Left Not checked 143 16.5
10 65 M 1 May-Thurner syndrome Left Not checked 6.6 4.81
11 30 F 1 May-Thurner syndrome Left 2.6 134 15.1
12 86 M 14 May-Thurner syndrome Left 5.45 104 9.2
13 66 I 14 Malignancy Left 10.46 - -
14 48 M 4 Behcet disease Left 0.42 7.86 18
15 79 M 1 Previous operation Right 273 - -
16 34 M 3 Immobilization Left 8.76 9.31 1
17 55 F 5 May-Thurner syndrome Left 4.4 23 2.82
18 75 F 4 May-Thurner syndrome Left 6.1 4.18 1.96
19 55 M 1 Immobilization Both Not checked 4.25 11.3
20 65 F 3 May-Thurner syndrome Left 5.74 13.5 13.9
21 52 I 5 Malignancy Left 7.87 2.09 4.38

F, female; M, male.

* Angle measurements are not available in four patients as follow-up CT venography was not performed in these patients.

be performed in conjunction with PEVI in a
single session through a single access site. In
this study, the filter was successfully placed
in all patients without procedural or postpro-
cedure complications. Additionally, popliteal
vein IVCfilter insertion was associated with a
low occurrence of significant filter tilt.

Venous thromboembolism, manifesting
as DVT and PE, is a potentially lethal dis-
order that affects 1 in 1000 individuals an-
nually (5). PE represents a serious cause of
morbidity and mortality, particularly in hos-
pitalized patients, and is estimated to cause
over 200 000 deaths annually in the United
States (6).

PEVI has been shown to improve patients
quality of life compared to anticoagulation
alone, and it has replaced systemic throm-
bolysis because of its higher recanalization
rate and fewer bleeding-related complica-
tions (7, 8). PEVI frequently involves the in-
strumentation of extensive amounts of fresh
thrombus, which may lead to PE. Mechani-
cal stress applied to the clot by catheter
manipulation, mechanical thrombectomy,

’

stenting, and the accelerated lytic process in
catheter-directed thrombolysis is hypothe-
sized to increase the number and size of em-
boli resulting in symptomatic or silent PE (9).
Placement of a retrievable IVC filter during
thrombolytic therapy can prevent silent and
symptomatic PE during PEVI (3). The inci-
dence of iatrogenic PE during PEVI has been
reported to be as high as 33%-45% (3, 10).
An eight-fold increase in iatrogenic symp-
tomatic PE in those not receiving a filter was
noted by Sharifi et al. (11).

In general, the IVCfilter is inserted several
days prior to thrombolytic therapy. This is
done because if these two procedures are
performed on the same day, bleeding may
occur at the access site of filter insertion,
which is typically the femoral or internal
jugular vein. However, in this study, all fil-
ters were placed using the same popliteal
access site used for PEVI, thereby avoiding
the need for patient repositioning. Using
the same access site allows filter placement
and PEVI to be performed sequentially in
a single procedure. The OptEase filter has
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a 6F system with a 90 cm long introducer
sheath, allowing insertion of the filter from
the popliteal vein into the infrarenal IVC. In
our experience, all OptEase filter insertions
through the popliteal vein access site were
successful. Furthermore, a single-session
procedure can decrease the length of time
that the filter is in place. The incidence of
complications associated with IVC filters is
time dependent. Recent data from a sys-
tematic review of 37 studies confirmed the
increased rate of complications when filters
are left in place for >30 days and reported
a retrieval rate of approximately 34% (12).
The risks of unretrieved filters include re-
current DVT, vena cava thrombosis, organ
penetration, and mechanical filter compli-
cations such as migration or fracture.

The transpopliteal insertion of an IVC
filter carries the potential risk of filter tilt.
Excessive tilt of the filter during placement
may increase the risk of ineffective throm-
bus filtering, perifilter thrombosis, and re-
trieval failure and may also promote vas-
cular remodeling (13-19). Retrieving filters
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that are tilted requires a longer procedure,
increases radiation exposure, and may in-
crease the overall risk of complications. In
our study, significant filter tilt occurred in
three (14.3%) patients, which is less than
or equal to the tilt rates reported in oth-
er published studies (20-22). With these
relatively low tilt rates, our rate of filter
retrieval was 76.2%, which is higher than
that reported in other published studies
(12, 23-25). Filter retrieval was successful
in 16 of 17 patients (94.1%) in whom filter
retrieval was attempted. In one patient,
the filter could not be removed because
the caudal hook of the filter was embed-
ded into the IVC wall.

There are some limitations in this study.
First, the limited number of patients from
a single institution may limit generaliza-
tion. Second, filter placement through the
ipsilateral popliteal vein has a potential risk
of iatrogenic PE because the filter delivery
system may be passed through the sites
of thrombus formation. However, the rela-
tively small 6F system of the OptEase filter,
along with gentle manipulation during
filter insertion, can reduce the risk of iatro-
genic PE. In this study, none of the patients
experienced symptomatic PE. Sharifi et
al. (11) also showed that filter placement
through the popliteal vein and extensive
thrombus was not associated with a high-
er complication rate than filters placed in
thrombus-free sites. Although we feel that
this procedure is associated with a relatively
low risk for iatrogenic PE, future studies us-
ing postprocedural multidetector CT of the
pulmonary arteries or ventilation/perfusion
scintigraphy are required to further assess
the risk of iatrogenic PE.

In conclusion, our study suggests that
popliteal vein IVC filter insertion is an effi-
cient procedure that can be performed in
conjunction with PEVI in a single session
through a single access site. This method is
also associated with a low incidence of sig-
nificant filter tilt.
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