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Abstract: Objective: The aim of this study was to investigate the associated risk factors for thrombosis after retriev-
able inferior vena cava (IVC) filter placement. Methods: A retrospective study of 164 consecutive patients with 
retrievable IVC filter placement during June 2008 to June 2014 was performed. We recorded the morphology, size 
and location of the retrievable inferior vena cava filter associated thrombus, and analyzed the relationship between 
the thrombus and filter tilt, filter hook wall apposition, dwell time, vena cava dilation rate or ancoagulation factors. 
Results: The total risk of filter associated thrombosis was 31.1%. In the setting of filter tilt ≥ 15°, hook wall appo-
sition, vein expansion rate ≥ 50% and dwell time > 2 weeks, the risk of filter associated thrombosis was 70.3%, 
79.6%, 64.7% and 86.2%, respectively, and the presence of filter related thrombosis were significantly higher than 
the control group in these settings. The mean length of thro bus was 8.6 ± 1.7 mm, 5.3 ± 1.4 mm, 10.1 ± 2.2 mm 
and 3.6 ± 0.9 mm in the setting of filter tilt ≥ 15°, hook wall apposition, vena cava dilation rate ≥ 50% and dwell 
time > 2 weeks and a significant difference was found between dwell time > 2 weeks and filter tilt ≥ 15° or vena 
cava dilation rate ≥ 50%. Conclusions: Filter tilt ≥ 15°, hook wall apposition, vena cava dilation rate ≥ 50% and dwell 
time > 2 weeks were positively associated to the filter related thrombosis, and these factors were considered as the 
risk factor of the presence of filter thrombosis.

Keywords: Inferior vena cava filter, thrombosis, complication

Introduction

Venous thromboembolism (VTE) which is char-
acterized by a blood clot formed in a vein deep 
in the body is a major medical problem world-
wide. It is reported the annual incidence and 
mortality of VTE is about 1% and 6% [1], respec-
tively, making it one of the most common and 
severe form cardiovascular diseases. Among 
patients with symptomatic VTE, approximately 
one third manifest pulmonary embolism (PE) 
[2, 3]. With the social aging, the increasing inci-
dence of PE is expected. Therefore, effective 
measurements to prevent PE in VTE patients 
are urgently needed. 

Anticoagulation, the standard treatment for 
VTE, is often used as the active treatment of 
thrombosis. However, it is infeasible in patient 
with anticoagulation contraindications or low 
extremity injuries [4]. Inferior vena cava (IVC) 
filter insertion is a safe and efficacy measure 
for preventing PE in such cases [5]. Moreover, 

novel retrievable IVC filters have developed to 
minimize the potential negative long-term effect 
of permanent IVC filter. However, with the 
increasing use of the filters, certain complica-
tions such as filter fracture, migration and per-
foration were also presented [6, 7]. According 
to the report by Corriere et al [8], the incidence 
of vena cava thrombosis was 12.5% in patients 
placed with retrievable IVC filters. However, lit-
tle study has focus on the risk factor in filter 
related vena cava thrombosis.

The purpose of this retrospective study was to 
assess the risk factors associated with throm-
bosis after retrievable inferior vena cava filter 
placement.

Materials and methods

Patients

After obtaining approval from institutional re- 
view board of the second affiliated hospital of 
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Table 1. Patient demographic data
Variables Patients (n = 164)
Age (years, mean [range]) 55.6 (21-88)
Gender
    Male 106 (64.6%)
    Female 58 (35.4%)
Comorbidities
    Lower extremity DVT 85 (51.8%)
    Lower extremity DVT with PE 23 (14.0%)
    Trauma 13 (7.9%)
    Post-surgery 11 (6.7%)
    Gynecological malignant tumor 10 (6.1%)
    Lung cancer 7 (4.3%)
    Digestive tract malignant tumor 4 (2.4%)
    Intracerebral hemorrhage 4 (2.4%)
    Gastrointestinal hemorrhage 4 (2.4%)
Anticoagulation
    Low molecular weight heparin calium 47 (28.7%)
    None 117 (71.3%)
DVT: deep vein thrombosis.

Nantong University, we per-
formed a retrospective re- 
view in 164 consecutive pa- 
tients who underwent IVC fil-
ter retrievals between June 
2008 and June 2014. Of 
164 patients, 106 (64.6%) 
were men and 58 (35.4%) 
were women, with a mean 
age of 55.6 years (range, 
21-88 years). Patients were 
further classified by comor-
bidities, including 85 (51.8%) 
patients with low extremity 
DVT, 23 (14.0%) with low 
extremity DVT with PE, 13 
(7.9%) with trauma, 11 (6.7%) 
with surgery, 10 (6.1%) with 
gynecological malignant tu- 
mor, 7 (4.3%) with lung can-
cer, 4 (2.4%) with diges- 
tive tract malignant tumor,  
4 (2.4%) with intracerebral 
hemorrhage, 4 (2.4%) with 
gastrointestinal hemorrhage. 
In addition, anticoagulation 
with low molecular weight 
heparin calium (5000 U) was 
applied in 47 (28.7%) pati- 
ents. Optic Patient demo-
graphics and medical comor-
bidities are listed in Table 1.

Filter placement was per-
formed in patients with PE 
and/or DVT in the lower 
extremities, followed by ca- 
theter-directed thrombolysis 
(CDT) with urokinase (300- 
000-600000 U/day) for 7 
days. The mean dwell time 
was 18.9 (10-56) days.

Methods

Parameter definition: Vena 
cave filter trapping region 
was defined as the zone  
from proximal segment of  
filter to the region comprised 
of distal segment of filter  
and vena cava wall. Digi- 
tal Subtraction Angiography 
(Artis zee multipurpose sys-
tem; Siemens Healthcare, 
Erlangen, Germany) was per-

Figure 1. Vena cava thrombosis at the level of a filter. A. Venography before 
removal of retrievable inferior vena cava (IVC) filter. The tilt angle was 12.91°. 
Good filter hook wall apposition and a perfusion defect strip could be found on 
the right side of non-trapping zone. B. Attached thrombus was observed after 
removal of filter and the thrombus length was 13 mm. C. Venography after 
removal of filter. Stenosis with multiple perfusion defects (arrow) around the 
vessel wall was found at the location of filter placement, regional blood flow 
disorder was also found.
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Table 2. Association between filter characteristics and thrombus for-
mation after retrievable inferior vena cava (IVC) filter

Characteristics No thrombus 
(n=113)

Thrombus 
(n=51) χ2 P value

Tilt angle 75.3297 < 0.0001
    Highest tilt angle < 15° 94 (83.2%) 6 (11.8%)
    Highest tilt angle ≥ 15° 19 (16.8%) 45 (88.2%)
Filter hook wall apposition 88.4997 < 0.0001
    Yes 11 (9.7%) 43 (84.3%)
    No 102 (90.2%) 8 (15.7%)
Dwell time 49.9779 < 0.0001
    ≤ 2 weeks 109 (96.4%) 26 (51.0%)
    2-4 weeks 3 (2.7%) 17 (33.3%)
    ≥ 4 weeks 1 (0.9%) 8 (15.7%)
Dilation rate of filter 22.6106 < 0.0001
    < 50% 101 (89.4%) 29 (56.9%)
    ≥ 50% 12 (10.6%) 22 (43.1%)
Anticoagulation 1.8198 0.177
    Yes 36 (31.9%) 11 (21.6%)
    No 77 (68.1%) 40 (78.4%)

Figure 2. Hematoxylin-eosin (H&E) staining of throm-
bus (100×). Part of thrombus was covered with en-
dothelial cells and intimal hyperplasia could be ob-
served (arrow). 

formed to identify the filter related thrombosis 
and perfusion defects in the non-trapping zone. 

Attached thrombus was 
determined after removal 
of filter. The highest tilt 
angle was determined by 
measuring the angle be- 
tween the central longitu-
dinal axis of the filter and 
vena cava wall in the pic-
tures captured by 3D- 
digital subtraction angiog-
raphy (DSA). Filter hook 
wall apposition was noted 
when the hook was em- 
bedded in the caval wall. 
IVC dilation rate was de- 
termined as follows: (larg-
est diameter of IVC after 
IVC filter placement-diam-
eter of adjacent normal 
vessel)/diameter of ad- 
jacent normal vessel × 
100%.

Filter retrieval: Retrieval was performed using. 
One day before retrieval, a B mode vena cava 
ultrasound (Philips, HD15 Pure Wave Ultra- 
sound System, Bothell, WA) was performed to 
measure the largest diameter at site of filter 
placement and diameter of adjacent normal 
vena cava. A 10 Fr sheath is introduced into the 
femoral vein by the Seldinger technique. 3-D 
rotational DSA was then performed and 60 mL 
of contrast agent (Ioversol; Optiray 320; Mal- 
linckrodt, St Louis, MO) was injected at 10 
mL/s for 6 seconds to obtain the information 
about highest tilt angle, filter hook wall apposi-
tion and perfusion defect in the non-trapping 
region. A snare kit was used (Amplatz Goose 
Neck Snare Kit; ev3 Inc., Plymouth, MN, USA). 
After snaring the filter hook, the sheath was 
advanced over the filter and the device removed 
leaving the sheath to perform a control cavog-
raphy. For the control cavography, 12 mL of 
contrast agent (Ioversol) was injected at 6 mL/s 
for 2 seconds to confirm the patency of the ves-
sel and thrombus at the location of filter place-
ment. After the sheath withdrawal and washed 
with 0.9% NaCl, the location, length of attached 
thrombus were determined and collected for 
pathological analysis. A scanning electron mi- 
croscopy (SEM, Hitachi S-3400N, Tokyo, Japan) 
was employed to examine the surface of filter. 

If the above retrieval technique failed, the 
buddy wire technique was applied. A stiff guide 

Table 3. The length of thrombus according to the 
filter characteristics

Characteristics Length of  
thrombus (mm)

Highest tilt angle ≥ 15° (n = 64) 8.6 ± 1.7 mm*
Filter hook wall apposition (n = 54) 5.3 ± 1.4 mm
Dwell time > 2 weeks (n = 29) 3.6 ± 0.9 mm 
Dilation rate of filter ≥ 50% 10.1 ± 2.2 mm**
*p < 0.05 compared to those with highest tilt angle; **p < 
0.01 compared to those with dilation rate of filter < 50%.
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wire with the help of 5F catheter (Cobra; Cook) 
was used to catch the filter hooklet. After 
removal of the stiff buddy wire, the sheath is 
advanced over the filter while it is retained with 
the snare. 

Statistical analysis

The measurement data and counting data was 
expressed as mean ± SD and number (percent-
age), respectively. The one wan ANOVA and Chi 
square test was used to analyze the difference 
in measurement data and counting data. All the 
statistical analysis was performed with SPSS 
18.0 software (SPSS Inc. Chicago, IL). P < 0.05 
was considered as statistical significance.

Results

Filter placement was performed in patients 
with DVT and/or PE in the lower extremities, fol-
lowed by catheter-directed thrombolysis (CDT) 
with urokinase (300000-600000 U/day) for 7 
days. The mean dwell time was 18.9 days, 
ranging from 10 to 56 days. The success rate of 
filter retrieval was 100% in this study. 

Among 164 cases of filter retrieval, 64 (39.0%) 
cases were with the highest angle ≥ 15°, includ-
ing 45 (70.3%) cases filter related thrombosis 
with a mean 8.6±1.7 mm length of thrombus. 
Filter hook wall apposition was found in 54 
(32.9%) cases, including 43 (79.6%) filter relat-
ed thrombosis with a mean 5.3±1.4 mm length 
of thrombus (Figure 1). Filter dwell time > 2 
weeks was found in 29 (17.7%) cases, including 

25 (86.2%) filter related thrombosis with a 
mean 3.6±0.9 mm length of thrombus. Vena 
cava dilation rate > 50% was presented in 34 
(20.7%) cases, including 22 (64.7%) filter relat-
ed thrombosis with a mean 10.1±2.2 mm 
length of thrombus. Compared to the no thro- 
mbus control group, significant differences 
were found on highest tilt angle ≥ 15°, filter 
hook wall apposition, filter dwell time > 2 
weeks, vena cave dilation rate > 50% in patients 
with thrombosis (P < 0.001). No significant dif-
ference was found on filter related thrombosis 
between the patients with or without anticoag-
ulation (P = 0.177) (Table 2). On the thrombus 
length, the patients with highest tilt angle ≥ 
15° and vena cave dilation rate > 50% was sig-
nificantly higher than in patients with filter dwell 
time > 2 weeks (P < 0.05) (Table 3).

Discussion

Although IVC filters are beneficial in PE preven-
tion, the potential negative long-term effect has 
result in the development of retrievable IVC fil-
ter. Currently, many retrievable IVC filter have 
come to market, and most have exhibited excel-
lent properties [9, 10]. However, occurrence of 
filter complications, such as migration, strut 
perforation through the IVC wall, fracture, and 
tip embedding, has reported in these filters 
[11]. In present study, our result demonstrated 
that filter tilt ≥ 15°, hook wall apposition, vena 
cava dilation rate ≥ 50% and dwell time > 2 
weeks were positively associated to the filter 
related thrombosis, and we identified these 
factors as the risk factor of the presence of fil-
ter thrombosis. 

Figure 3. Scanning electron microscopy results. A large amount of fibrin and collagen was located on the surface of 
filter with embedded red cell. A. 50× Magnification; B. 2000× Magnification.
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In the patients with IVC filter insertion, the inci-
dence of IVC thrombosis is between 1% and 
32%. This variance is caused by multiple fac-
tors, including the type of filter, length of follow-
up, degree of surveillance for thrombosis, and 
concurrent use of prophylactic anticoagulation 
therapy [6, 12, 13]. In this study, the incidence 
of IVC thrombosis was 31.1% (51/164), which 
is a relative high number. We attributed the rea-
sons as follows: 1. There is no consensus on 
the criteria of filter thrombosis. Here, we defined 
the thrombosis as the perfusion defect in non-
trapping region according to DSA imaging or the 
attached thrombus after removal of the filter. 
The presence of trapped thrombus in filter 
could result in inaccurate results. 2. The type  
of filter. In this study, we used the OptEase 
retrieval IVC filter and inverted conical design of 
these filters marginates captured thrombus to 
the wall of the cava where flow is the lowest 
and may predispose to thrombosis [14, 15]. 3. 
Other factors such as differences in patient 
populations, selection criteria for filter inser-
tion, duration of follow-up, management of anti-
coagulation, and technical factors may also 
attribute to the results. 

Minimizing tilt angle plays an important role in 
quality improvement [16] and ongoing filter 
design modification, highlighting the concern 

the measurement error by a single detection 
[21]. The filter hook wall apposition was pre-
sented in 32.9% of the patients, resulting in a 
79.6% filter thrombus. Endothelial injury caused 
by the tip incorporation into the vessel wall 
could increase the incidence of thrombosis and 
intimal hyperplasia. According to the pathologi-
cal analysis of thrombus, intimal hyperplasia 
was actually existed (Figure 2). The SEM results 
showed that the filter was covered with large 
amount of fibrin and collagen (Figure 3). Vena 
cave dilation ≥ 50% is another important factor 
for thrombosis. Over dilation of the vessel by 
the filter could lead to the filter embedding into 
the vessel wall and blood flow retardation, 
eventually resulting in thrombosis (Figure 4). In 
addition, in the patients with filter dwell time > 
2 weeks, thrombosis was found in 86.2% with a 
shortest mean length of 3.6 ± 0.9 mm among 
all the risk factors, and the distribution of 
thrombus was mainly on the tip or interconnec-
tion part of the filter. We did not observe a sig-
nificant difference between patients with or 
with our anticoagulation (P > 0.05) and the rea-
son may attribute to the ineffective anticoagu-
lation with heparin.

There are also some limitations in our study. 
Relative small number of patients could result 
in conclusion bias on the results. The proper-
ties of retrospective review of this study could 

Figure 4. Color Doppler ultrasound of retrievable inferior vena cava (IVC) filter 
placement. Opposite (vortex flow, red) flow was found between the central 
longitudinal axis of the filter (axial flow, blue) and the dilated IVC wall. 

that excessive tilt can theo-
retically compromise filtra-
tion of embolic materials [17, 
18]. As higher tilt angle could 
lead to closer apposition of 
the filter tip to the IVC wall, 
resulting in greater difficulty 
in filter retrieval [19] and 
increased risk of tip incorpo-
ration into the IVC wall [20], a 
close relationship between 
tilt and embedding has been 
suggested. In this study, 64 
(39.0%) patients were pre-
sented with highest tilt angle 
≥ 15° with a significantly 
increased incidence (70.3%) 
of thrombus compared to the 
patient with highest tilt angle 
< 15°. By using 3D DSA, the 
tilt angle could be deter-
mined by 360° measure-
ment, which could minimize 
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lead to incomplete information on the follow-up 
and long-term effect, and what we presented 
here were only eventual results. Furthermore, 
varying levels of experience of interventional 
radiologists could also influence the outcome 
of complicated retrievals. 

In conclusion, increased filter tilt, hook wall 
apposition, increased vena cava dilation rate 
and longer dwell time are factors associated 
with IVC filter related thrombosis. Awareness of 
these factors prior to retrieval attempt maybe 
used to optimize retrieval approach and set 
appropriate patient expectations. In addition, 
large sample study with multiple variable analy-
ses should be performed in the near future to 
confirm the conclusion conducted here.
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