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Outcomes of retrievable inferior vena cava filters in
patients with deep vein thrombosis and transient
contraindication for anticoagulation
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Division of Vascular Surgery, Department of Surgery, Departments of "Orthopedic Surgery and ?Radliology, Kyungpook National

University School of Medicine, Daegu, Korea

Purpose: To determine the efficacy of a retrievable inferior vena cava filter (IVCF) for patients with deep vein thrombosis
(DVT) and transient contraindication for anticoagulant therapy, and to analyze the risk factors for filter thrombus in these

patients.

Methods: We retrospectively reviewed the records of 70 patients who received a retrievable IVCF from January 2007 to
June 2014 because of documented DVT and transient contraindication for anticoagulant therapy. The protocol for follow-
up care generally consisted of anticoagulant therapy after high-risk periods, follow-up CT around 2 weeks after IVCF

placement, and retrieval if possible.

Results: The 70 patients had a mean age of 61.8 years (range, 17-88 years), and 30 were male (43%). The indications for
IVCF were recent trauma including surgery in 48 patients, recent hemorrhage in 14, and planned major surgery with DVT in
8 patients. Follow-up CT of 61 patients (87%) was performed. Aggravation or new development of pulmonary embolism (PE]
was not found in any patient. Filter thrombus was detected in 23% of patients with follow-up CT (14/61). Filter thrombus
was not detected in patients with isolated calf vein thrombosis (ICVT) (P = 0.079). The risk factor for filter thrombus was
DVT progression on follow-up CT (P = 0.007) on multivariate analysis.

Conclusion: For patients with DVT and transient contraindication for anticoagulant therapy, a retrievable IVCF could
prevent the aggravation or new development of PE. DVT progression on follow-up CT was associated with filter thrombus
and ICVT was not related to filter thrombus in the present study.

[Ann Surg Treat Res 2015;89(1):30-36]
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INTRODUCTION

Pulmonary embolism (PE) is a major preventable cause of
death in hospitalized patients [1]. The mainstay of treatment
for PE and deep vein thrombosis (DVT) is anticoagulant
drugs. However, for some patients who either cannot tolerate
anticoagulant drugs or for whom the risk of PE is too high,
other measures such as inferior vena cava (IVC) interruption

must be considered. For this purpose, the first IVC filter (IVCF)
was introduced in 1967 [2] and several other permanent IVCFs
were approved subsequently. However, recurrent DVT and IVC
thrombosis associated with IVCF were documented to increase
with prolonged IVCF indwelling times [3]. Other complications,
such as filter fracture, IVC penetration by filter legs, and filter
migration were increasingly reported [4-6]. In addition, many
patients were in temporary risk of PE because of trauma,
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surgery, and immobilization. Retrieval of the filters is thus
attractive because the long-term complications of a permanent
IVCF can be eliminated with this strategy.

Currently, the indications for installation of a retrievable
IVCF in medical or trauma patients at high risk of developing
a PE differ according to various guidelines [7-9]. Nevertheless,
the most important consensus for installation of a retrievable
IVCF is the contraindication for anticoagulant therapy in
patients with venous thromboembolism (VTE). However, the
exact nature of the protective role of IVCFs for the development
of PE is uncertain because of mixed results from different
indications, including placement for documented VTE and
prophylaxis [10,11]. Moreover, the risk factors for filter thrombus
after instillation of IVCF are not clear.

The purpose of the present study was to determine the
efficacy of retrievable IVCFs for patients with acute DVT and
transient contraindication for anticoagulant therapy, and to
analyze the risk factors for filter thrombus in these patients, in
consideration of absolute indications for retrievable IVCFs.

METHODS

We reviewed the records of 130 patients who had retrievable
IVCFs placed for various reasons related to protection against
PE between January 2007 and June 2014. An IVCF was used
prophylactically in 6 patients without documented VTE.
Other indications for IVCF were patients with a high-risk
medical condition (n = 26), as an adjunctive procedure before
endovenous intervention (n = 22), and for a free-floating IVC
thrombus (n = 4). After exclusion of prophylaxis and the
abovementioned cases, 72 patients received a retrievable IVCF
because of demonstrated acute VTE with contraindication for
anticoagulant therapy (DVT with or without PE in 70 patients,
PE only in 2 patients). After excluding the 2 patients who had
only PE, 70 patients with documented DVT were included in
this study. Records were reviewed after obtaining approval from
Institutional Review Board of Kyungpook National University
Hospital. Written informed consent from patients for review
of the medical records was exempted by the board because of
the retrospective nature of this study. Patients were excluded
from this study for specific reasons as follows: (1) patients with
high-risk medical conditions, because filter thrombosis and
PE were not evaluated radiologically in most of these patients
because of their poor general condition, and the filter was used
permanently; and (2) patients with peripheral endovenous
intervention, because filter thrombosis could be affected by
endovenous manipulation.

The diagnostic methods for DVT and PE were combined
one-stage indirect computed tomographic venography after
completion of CT pulmonary angiography in 68 patients. The
other 2 patients included in the present study underwent

duplex ultrasonography with pulmonary CT angiography. A
radiologist (J.M.L.) diagnosed DVT and PE by CT based on the
characteristic presence of an intraluminal filling defect, or a
localized nonopacified venous segment [12].

After a diagnosis of DVT, all included patients had received a
retrievable IVCF with the intention of its subsequent retrieval.
In general, anticoagulant therapy was started after the period
of high risk of bleeding. The anticoagulant therapy consisted of
low-molecular-weight heparin (enoxaparin, 1 mg/kg twice a day)
followed by warfarin or oral rivaroxaban (15 mg twice a day for 3
weeks followed by 20 mg once a day). Follow-up CT was usually
performed around 2 weeks after IVCF placement. The changes
in DVT, PE, and filter thrombus after IVCF placement were
evaluated. The decision for retrieval was determined according
to the patient’s general condition, ongoing contraindication
for anticoagulant therapy, immobilization status, and filter
thrombus. In patients with large trapped thrombus within
IVCF or IVC occlusion distal to IVCF, filter retrieval was not
performed and additional period of anticoagulation was
adopted. The decision for filter retrieval was discussed between
the radiologist (J.M.L.) and the vascular surgeons (HKK. and
S.H.). Anticoagulant therapy was not necessarily discontinued
for filter retrieval. After sterile preparation, venous access
was obtained with ultrasound guidance. Digital subtraction
cavography was performed in the anteroposterior projection. An
orthogonal view was not routinely obtained. Further retrieval
procedure continued according to the instructions of the
various filter manufacturers. After filter retrieval, anticoagulant
therapy was continued for 3 to 6 months.

The outcomes of interest in the present study were agg-
ravated or newly developed PE on follow-up CT at around 2
weeks after IVCF placement, filter thrombosis within the IVCF
as a surrogate marker of PE protection, risk factors for filter
thrombosis, and filter retrieval rate with causes of nonretrieval.
Filter thrombosis was defined as combined isolated trapped
emboli within IVCF and IVC thrombosis distal to IVCF because
it can be caused by large trapped emboli followed by distal
thrombosis.

An independent Student t-test was used to compare the di-
fferences between continuous variables in patients with or
without filter thrombosis on follow-up CT. Sixteen categorical
variables tested were subjected to chi-square analysis (if sample
size was adequate) or Fisher exact test (for smaller samples).
Multivariate analysis was performed using logistic regression.
Odds ratio (OR), hazard ratio, and 95% confidence interval
(CI) were calculated. All statistical analyses were performed
using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA).
Differences were considered significant when P < 0.05.
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RESULTS

Characteristics of patients and VTE
Of the 70 patients included in the present study, the

transient contraindications for anticoagulant therapy were as
follows: recent trauma including recent major surgery in 48
patients (recent trauma, 43; recent surgery, 5), recent major or
critical site bleeding in 14 patients, and planned major surgery
without recent trauma or bleeding in 8 patients (Table 1). The
mean interval between trauma or recent bleeding to diagnosis
of DVT was 12 days (range, 1-40 days). Among 8 patients with
planned major surgery, 7 patients presented with malignancy
and 1 patient demonstrated abdominal aortic aneurysm with
impending rupture sign. These patients received operation after
IVCF placement without postponement of operation.

Table 1. Demographic and indications for inferior vena
cava filter in included patients (n = 70)

Characteristic Value
Male sex 30 (43)
Age (yr), mean (range) 61.9 (17-88)
Comorbidity
Hypertension 25 (36)
Diabetes mellitus 10 (14)
History of cerebral infarction 3 (4)
Coronary artery disease 5(7)
Smoking 8 (11)
Malignancy 11(16)
Characteristics of DVT
Proximal DVT 61 (87)
ICVT 9(13)
Initial PE 29 (41)
Site of DVT
Left side 34 (49)
Right side 23 (33)
Bilateral DVT 13 (19)
Indications for IVC filter
Recent trauma 43 (61)
Recent major surgery 5(7)
Recent bleeding 14 (20)
Intracranial hemorrhage 8 (11)
Retroperitoneal bleeding 3
Gastrointestinal bleeding 1
Vaginal bleeding 2
Planned major operation 8 (11)
Malignancy 7
Abdominal aortic aneurysm 1
Filter type
Celect 53 (76)
Tulip 15 (21)
OptEase 2(3)

Values are presented as number (%) unless otherwise indicated.
DVT, deep vein thrombosis; ICVT, isolated calf vein thrombosis;
PE, pulmonary embolism; IVC, inferior vena cava.

The average age of patients was 61.8 + 14.6 years (range,
17-88 years). Of the 70 patients included, 30 (43%) were male.
Twenty-nine patients (41%) had concomitant PE at the time of
initial CT. The proximal level of DVT was IVC in 10 patients,
iliac veins in 15, common femoral vein in 7, femoropopliteal
vein in 29, and isolated calf vein thrombosis (ICVT) in 9.
DVT occurred in the right limb in 23 patients, and in the
left limb in 34. Thirteen patients had DVT in bilateral lower
limbs. Of the 29 patients with documented PE, the main
pulmonary artery was involved in 9 patients, the lobar artery
in 15, and the segmental artery in 5. Detailed characteristics
of VTE, comorbidities, and reasons for contraindication for
anticoagulant therapy are summarized in Table 1. Most of
the filters in our series were Celect filters (n = 53; 76%; Cook,
Bloomington, IN, USA), followed by Giinther Tulip filters (n =
15; 21%; Cook), and OptEase filters (n = 2; Cordis, Warren, NJ,
USA).

Early follow-up results of VTE and filter thrombosis
Of those patients who received a retrievable IVCF placement,

43 (61%) were placed on anticoagulant therapy after filter
placement. The mean interval from filter placement to
anticoagulant therapy was 7 days (median, 5 days; range, 1-26
days). Forty-five patients (64%) received surgery after IVCF
placement and the mean interval between filter placement
and surgery was 6 days (median, 3 days; range, 0-27 days). The
most common operation was orthopedic surgery in 38 patients,
followed by gastrointestinal surgery in 3 patients, gynecological
surgery in 2 patients, and hematoma evacuation in 2 patients.

Sixty-one patients underwent follow-up CT around 2 weeks
after filter placement. The mean interval between filter place-
ment and follow-up CT was 13 days (median, 12 days; range,
6-28 days). Nine patients did not have follow-up CT because
of death (n = 3), poor general condition (n = 4), and follow-up
loss (n = 2). In these 61 patients, new or aggravated PE was not
detected in any patient. Of 24 patients presenting with PE on
initial CT, resolution of PE was detected in 15 on follow-up CT.
Eight patients demonstrated improvement of PE. One patient
showed no definite change of PE. Twelve patients demonstrated
resolution of DVT, 28 with improvement, 11 without definite
change. DVT was aggravated or newly developed in another site
in 10 patients. The status of PE and DVT on follow-up CT was
not related to the subsequent anticoagulant therapy (P = 0.747
for DVT, P = 0.699 for PE).

Of the 61 patients who underwent a follow-up CT scan, filter
thrombosis was detected in 14 (23%). Of these 14 patients,
11 had an isolated trapped embolus in the IVCF, and 3 had
total IVC occlusion distal to the IVCF (Fig. 1). In univariate
risk factor analysis for filter thrombosis, DVT progression on
follow-up CT was demonstrated as a significant risk factor for
filter thrombosis (P = 0.007). ICVT tended to be a negative
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predictor of filter thrombosis (P = 0.079). There was no filter  regression revealed that DVT progression on follow-up CT was
thrombosis in patients with ICVT at initial presentation (Table  the only significant independent risk factor for filter thrombosis
2). Multivariate analysis for filter thrombosis using logistic (P = 0.007; OR, 8.750; 95% CI, 1.794-42.673).

Fig. 1. Examples of filter throm-
bus on follow-up CT. (A) Image
from a 57-year-old man with a
pelvic bone fracture and femor-
opopliteal deep vein thrombosis
who had a Celect filter inserted
preoperatively. After 14 days,
follow-up CT scan showed filter
thrombus within inferior vena
cava filter (arrow). (B) Image
from a 51-year-old woman
with cerebral hemorrhage and
popliteal vein thrombosis who
received a Celect filter inser-
ted for prevention of further
pulmonary embolism. After 11
days, follow-up CT scan show-
ed filter thrombus with total
thrombotic occlusion of inferior
vena cava filter distal to the filter
(arrow).

Table 2. Demographic and radiological findings in patients with or without filter thrombus in retrievable inferior vena cava
filter on follow-up computed tomography (n = 61)

Variable Filter thrombus (n = 14) No filter thrombus (n = 47) P-value
Male sex 6 (43) 19 (40) 0.871
Age (yr) 58.4+16.8 61.9+14.4 0.453
Comorbidity
Hypertension 4 (29) 18 (38) 0.506
Diabetes mellitus 2 (14) 7 (15) >0.999
History of cerebral infarction 1(7) 1) 0.409
Coronary artery disease 0 (0) 2(4) >0.999
Arrhythmia 0 (0) 2 (4) >0.999
Smoking 1(7) 49 >0.999
Malignancy 1.(7) 7 (15) 0.668
Characteristics of DVT
Proximal DVT 14 (100) 38 (81) 0.079
ICVT 0 (0) 9 (19) 0.079
Left side DVT 9 (64) 31 (66) >0.999
Initial PE 8 (57) 16 (34) 0.120
History of recent trauma 9 (64) 32 (68) 0.790
Immobilization at presentation 12 (86) 38 (81) >0.999
Operation after IVCF 8 (57) 35 (75) 0.212
Anticoagulant therapy after IVCF 11 (79) 29 (62) 0.342
Interval from insertion to retrieval (day) 20.2+9.6 19.0+17.8 0.877
DVT progression at follow-up CT 6 (43) 4(9) 0.007

Values are presented as number (%) or meanzstandard deviation.
DVT, deep vein thrombosis; ICVT, isolated calf vein thrombosis; PE, pulmonary embolism; IVCF, inferior vena cava filter.
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70 IVC filter for DVT and transient
contraindications for anticoagulation

- 3 Death
< - 4 Poor general condition
- 2 Loss to follow-up

61 Follow-up CT
around 2 weeks

14 Filter
thrombosis

47 Without
filter thrombosis

3 IVC occlusion 11 Isolated
distal to filter trapped thrombus

« Cause of nonretrieval

- 3 Loss to follow-up

- 2 Poor general condition
<4— — 2 Failed retrieval

- 2 Continuous risk of bleeding
- 2 Aggravation of DVT

- 1 Quadriplegia

Fig. 2. Flow chart of IVC filters
in patients with DVT and tran-

l l ,,

Permanent 5 Retrieval after 35
use additional anticoagulation Retrieval

Filter retrieval
The IVCF was successfully retrieved from 40 of the 70

patients. The rate of filter retrieval as intention to treat was 57%.
The mean interval from filter placement to retrieval was 19 days
(median, 14 days; range 7-108 days). There was no complication
during filter retrieval except for two cases of failed retrieval
because of an embedded filter. There were many reasons for
nonretrieval, the main ones being: poor general condition
followed by permanent use of the retrievable IVCF in 9 patients
(poor medical condition in 6, continuous risk of bleeding
that limited use of anticoagulant drugs in 2, quadriplegia
in 1); patient death (n = 3); large trapped embolus or IVC
thrombosis (n = 9); follow-up loss (n = 5); failed retrieval (n
= 2); and aggravation of DVT (n = 2). Of 14 patients with filter
thrombosis on follow-up CT, filter retrieval was performed in 5
after an additional period of anticoagulant therapy. Follow-up
status of IVCF after placement was summarized in Fig, 2.

DISCUSSION

Our present study demonstrated a possible beneficial role
of retrievable IVCF considering no aggravation or new de-
velopment of PE with 23% (14/61) having a filter thrombus as a
surrogate marker of PE protection in patients with an absolute
indication for IVCF. All patients included in the present study
had DVT and transient contraindication for anticoagulant
therapy. Most patients (87%) underwent follow-up CT at around
2 weeks after IVCF placement for PE and filter thrombosis
evaluation because this period was considered as the most
important for PE protection [13].

With the recent development of retrievable IVCFs, filters are

sient contraindication for anti-
coagulation. IVC, inferior vena
cava; DVT, deep vein throm-
bosis.

increasingly being placed in patients who are able to tolerate
anticoagulant drugs or used prophylactically in DVT-free
patients considered at high risk of PE [14]. However, as described
in the guidelines of the American College of Chest Physicians in
2012 [7], the main indication and purpose of retrievable IVCFs
are to prevent PE in patients with VTE and contraindication
for anticoagulant therapy. Retrieval is necessary after the
high-risk period for bleeding to avoid any long-term adverse
effect of a retained filter. Currently, reports regarding the
efficacy of retrievable IVCFs are somewhat confusing because
the indications are mixed, including absolute, relative,
and prophylactic use. In the PREPIC (Prevention du Risque
dEmbolie Pulmonaire par Interruption Cave) study, permanent
IVCF was effective in the prevention of PE as an adjunct to
anticoagulant therapy in patients with acute DVT who were
considered to be at high risk of PE [15]. Moreover, in patients for
whom anticoagulant therapy was contraindicated, the relative
risk of PE may have been higher compared with PREPIC study
participants because anticoagulant therapy was not possible.
The incidence of filter thrombus is known to vary depending
on indwelling time and detection method [11]. The total
incidence of filter thrombus in the cavogram during filter
retrieval was 6.5% in 440 patients with mean indwelling time
of 95 days and the incidence was highest for an indwelling
interval of 0-30 days with a rate of 8% [11]. A higher incidence
(17%-19%) of filter thrombus in other series with a relatively
short IVCF indwelling time has been reported [11,16,17]. The
rate of filter thrombus found in the present study was 23% with
a mean indwelling time of 13 days, which is higher than the
rate published for other studies. This discrepancy could be the
result of a difference in the indication for IVCF. Our present
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study included patients with an absolute indication for IVCF
(demonstrated DVT and contraindication for anticoagulant
therapy). Therefore, relative indication with possible use of
anticoagulant drugs or prophylactic use without VTE was
excluded. In addition, majority of patients in our study did
not receive any anticoagulant drugs in the early period after
filter insertion because of the risk of bleeding. Three patients
with filter thrombus in our study showed IVC occlusion distal
to the IVCF. These cases may be considered to result from
complications of IVCF placement. However, it is difficult to
demonstrate the exact cause of IVC occlusion because it can be
caused by a complication of the IVCF or by a sequence of large
trapped emboli followed by a distal thrombosis within the IVC
distal to the filter. After consideration of these three cases as
complications of IVCF, 18% of patients (11/61) in our study had
a trapped thrombus. Therefore, our findings can be considered
to provide supportive evidence for the use of a retrievable IVCF
in patients with DVT and contraindications for anticoagulant
therapy.

In the present study, we attempted to find strong risk factors
for filter thrombus before the placement of IVCF because this
knowledge may be helpful in consideration of IVCF placement
in patients with DVT. However, progression of DVT on follow-
up CT after IVCF placement was the only independent risk
factor for filter thrombus. We could not find any risk factors
at initial presentation. Interestingly, 9 patients included in
our study received IVCF because of ICVT. The reason for IVCF
placement in these patients was combined PE in 4 patients
and 5 patients were anticipated to major orthopedic surgery.
However, we could not find any filter thrombus in these
patients on follow-up CT. It is well known that ICVT rarely
causes clinically important PE, although ICVT can involve the
proximal vein in one-quarter of patients without treatment
[18,19]. In the present study, it was difficult to determine the
necessity of IVCF in patients with ICVT and contraindication
for anticoagulant therapy because of their relatively small
number. A study including a larger number of these patients
is necessary to confirm our findings. A limitation of our study
is that CT venography was used for evaluation of calf vein
thrombosis. Although CT venography for diagnosis of proximal
DVT demonstrated high sensitivity (95.9%) and specificity
(95.2%) in a meta-analysis [20], it was not well studied for acute
calf vein thrombosis. The majority of our patients presented
with traumatic injury such as pelvic and long bone injury.
Therefore, our main method for VTE evaluation consisted
of one-stage indirect CT venography after completion of CT
pulmonary angiography because it added only 3-5 minutes
to the evaluation of DVT and duplex ultrasonography was not

possible in many patients [21].

The rate of complications following filter insertion may be
considered as low, but the risk is likely to increase if IVCFs
are left in place. The PREPIC study showed an increased ab-
solute risk of DVT of nearly 10% following filter insertion [3].
Other complications associated with IVCFs such as vena cava
perforation, filter migration with or without embolization, and
cardiac tamponade have been reported [22-24]. Importantly, the
retrieval rate in one meta-analysis of 37 studies was also low
(34%) [10]. Our filter retrieval rate of 57% was higher than that
reported elsewhere. The most common reasons for nonretrieval
in patients included in our study were poor general condition
and filter thrombosis. The higher rate of retrieval in the
patients included in our study may be because most suffered
from trauma and the retrieval was performed during the same
admission period. Therefore, follow-up loss of these patients
was minimal.

A major limitation of the present study is its retrospective
nature and the small patient sample that was monitored over a
long period, which may result in possible patient selection and
treatment bias. Among the 130 patients who received an IVCF,
we excluded 58 with relative or prophylactic indications for
IVCF placement. The outcomes of IVCFs in this group of patients
allow us to understand the advantages and disadvantages from
a rather liberal use of IVCFs. However, the primary outcome
assessment was the changes in PE and filter thrombosis
after IVCF placement. As described in the Methods section,
especially in patients with high-risk medical conditions, filter
thrombosis and PE were not evaluated radiologically in most
patients because of their poor general condition and the filter
was used permanently. Follow-up was difficult in most of these
patients. Moreover, 9 patients did not undergo follow-up CT for
various reasons. This particular limitation prohibits us from
assessing the exact status of filter thrombosis or PE in these
patients, and there is the possibility of under- or overestimating
the actual events, because of incomplete follow-up imaging.

In conclusion, in our study, retrievable IVCFs could prevent
aggravation or the new development of PE in patients with
DVT and transient contraindication for anticoagulant therapy.
DVT progression on follow-up CT was associated with filter
thrombosis and ICVT was not related to filter thrombosis. A
large-scale study is necessary to confirm these findings.
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