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Abstract: Background: Anticoagulant therapy is the first choice for venous thromboembolism (VTE), and the inferior 
vena cava (IVC) filter is implanted when the anticoagulant therapy fails or the anticoagulation contraindications ex-
ist. The retrieving of IVC filter is very important in the treatment. This study aimed to investigate the clinical efficacy 
and safety of a new inferior vena cava filter retrieving technique using 9-Fr long sheath combined with memorable 
alloy trap. Methods: Thirty-four VTE patients who were implanted with Cook Celect/Günther Tulip retrievable IVC fil-
ters were enrolled. They were divided into conventional retrieving group (20 cases) and long sheath + trap group (14 
cases), which received the filter retrieving using the Cook MReye filter retrieving system and using 9-Fr long sheath 
combined with memorable alloy trap, respectively. The duration of filter in body, duration of filter retrieving surgery, 
radiation exposure time, intraoperative/postoperative adverse events, length of hospitalization, and treatment cost 
were recorded and compared in two groups. Results: The success rate of filter retrieving surgery was 100% in each 
group. The duration of filter retrieving surgery in long sheath + trap group was 29.36 ± 10.72 minutes, which was 
significantly shorter than 39.45 ± 15.94 minutes in conventional retrieving group (P < 0.05). The radiation exposure 
time in long sheath + trap group was 8.43 ± 1.40 minutes, which was significantly shorter than 11.80 ± 2.14 min-
utes in the conventional retrieving group (P < 0.01). The treatment cost in long sheath + trap group was 10126.79 
± 1612.17 yuan, which was significantly lower than 12226.50 ± 1182.72 yuan in conventional retrieving group (P 
< 0.05). There was no serious adverse event in surgery or postoperative follow-up in each group. Conclusion: The 
technique using 9-Fr long sheath combined with memorable alloy trap is a safe, effective and economical method 
for IVC filter retrieving and can be applied in the clinic.
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Introduction

Venous thromboembolism (VTE) is a common 
clinical disease. According to the epidemiologi-
cal survey in the United States, the incidence of 
VTE is as high as 422/100000 [1]. The An- 
tithrombotic Therapy and Prevention of Th- 
rombosis Guidelines issued by American Co- 
llege of Chest Physicians (ACCP) recommends 
that anticoagulant therapy be the first choice 
for VTE patients, and the inferior vena cava 
(IVC) filter should be implanted when the anti-
coagulant therapy fails or the anticoagulation 
contraindications exist [2]. After implantation 
of permanent IVC filter, with the time going on, 
the probability of severe adverse events such 
as filter displacement, fracture, perforating vas-

cular wall and IVC obstruction is gradually in- 
creased [3]. Therefore, the retrievable IVC filters 
are developed. They can be timely taken out 
without need of filter protection, which can 
avoid a series of adverse events that occur 
later [4]. The application of retrievable IVC fil-
ters has been increasingly widespread, and 
they have replaced most of permanent filters. 
Cook Celect/Günther Tulip retrievable IVC filter 
(Cook Medical Corp., IN, USA) is one of the com-
mon clinical products used in our department. 
However, the matched Cook MReye filter retriev-
ing system (Cook Medical Corp., IN, USA) is not 
incorporated into the local medical insurance 
catalogue in China, and the patients receiving 
the filter retrieving need to pay the cost of this 
system. 9-Fr long sheath (Cook Medical Corp., 
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IN, USA), memorable alloy trap (SHSMA Medical 
Corp., Shanghai, China) and assorted single-
bend catheter (Cordis Corp., FL, USA) are often 
used in peripheral vascular surgeries. They are 
incorporated into the local medical insurance 
catalogue in China. In order to reduce the eco-
nomic burden of the patients, the filter retriev-
ing technique using 9-Fr long sheath combined 
with memorable alloy trap has been developed 
in our department. In this study, the clinical 
data of patients receiving filter retrieving using 
9-Fr long sheath combined with memorable 
alloy trap and conventional filter retrieving tech-
nique were collected, and their efficacy and 
safety were compared.

Patients and methods

Patients

Thirty-four VTE patients who were implanted 
with the Cook Celect/Günther Tulip retrievable 
IVC filters and received the filter retrieving in 
Department of Vascular Surgery, Hangzhou 
Third Hospital (Hangzhou, China) from January 
2014 to March 2017 were enrolled in this study. 
According to the method of filter retrieving, the 
patients were divided into the conventional 
retrieving group (using the Cook MReye filter 
retrieving system, 20 cases) and the long sh- 
eath + trap group (using 9-Fr long sheath com-

bined with memorable alloy trap, 14 cases). 
The choice of the filter retrieving method was 
based on the wish of the patients after detailed 
communication. This study was approved by 
the Ethics Committee of Hangzhou Third Hos- 
pital. Written informed consent was obtained 
from all participants.

Inclusion criteria and exclusion criteria

The inclusion criteria were as follows: i) all 
patients received thrombus clearance (cathe-
ter-directed thrombolysis/Angiojet thrombus 
aspiration) and implantation of the IVC filter 
due to the central lower extremity deep vein 
thrombosis (DVT); ii) the interval between filter 
implantation and filter retrieving was not more 
than 4 weeks; iii) the enhanced CT examination 
confirmed that the IVC was unobstructed and 
there was no significant thrombosis load in fil-
ter (thrombus diameter < 1 cm); iv) the filter 
was in normal position, or it was inclined with-
out perforation or embedding of the end. The 
exclusion criteria were as follows: i) the patients 
used other types of filters; ii) the interval 
between filter implantation and filter retrieving 
was more than 4 weeks; iii) the enhanced CT 
examination showed that the filter perforated 
outside the IVC wall or had serious displace-
ment; iv) the preoperative ultrasound found the 
right jugular vein thrombosis, anatomical varia-
tion and other abnormalities.

Figure 1. Inferior vena cava filter retrieving using Cook MReye filter retrieving system. A: Angiography confirmed that 
the inferior vena cava was unobstructed, with no obvious filling defect in the filter. B: Cook MReye filter retrieving 
device was inserted. The retrieving trap was adjusted to lock the tail hook of filter. C: The long sheath was pushed, 
and the filter was retrieved into the long sheath.
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Preoperative preparation

Before the operation, the IVC enhanced com-
puted tomography (CT) scanning was perfor- 
med to confirm the IVC patency and to under-
stand the thrombus load in the filter. Pulmo- 
nary artery-computed tomography angiography 
(CTA) was performed to understand the pulmo-
nary embolization (PE) and the embolization 
site. In all patients, the Cook Celect/Günther 
Tulip filter was retrieved through the jugular 
approach. The right internal jugular vein condi-
tion was evaluated by B-ultrasound. Routine 
blood tests were used to exclude the surgical 
contraindications.

Surgical methods 

In the conventional retrieving group, the patient 
was in the supine position. The infiltration anes-
thesia was performed by injection with 1% lido-
caine at the surface projection site of right 
internal jugular vein in the right carotid triangle 
area. Under the B-ultrasound positioning, the 
right internal jugular vein was punctured using 
Seldinger method. The 5-Fr sheath was placed. 
The 5-Fr pigtail catheter was guided by the 
guide wire to descend to the common iliac vein 
through the vena cava. The patency of IVC was 
confirmed by radiography. After confirming that 
there was no obvious filling defect in the filter or 
IVC under filter, the Cook MReye filter retrieving 

device was inserted by exchange. The retrieving 
trap was adjusted to lock the tail hook of filter. 
After fixing the filter with retrieving device, the 
filter was closed up using the long sheath of 
retrieving device, and then was taken into the 
long sheath (Figure 1). After the operation, radi-
ography was performed again to confirm the 
patency of IVC, with no abnormal sign such as 
contrast agent extravasation, IVC stenosis or 
residual IVC wall thrombosis.

In the long sheath + trap group, the body posi-
tion of patients, anesthesia method, puncture 
and sheathing, and IVC angiography were the 
same with those in conventional retrieving gro- 
up. After angiography evaluation, the 9-Fr long 
sheath was inserted by exchange, and the 5-Fr 
single-bend catheter containing memorable 
alloy trap was placed. The direction of the trap 
was adjusted to trap the tail hook of filter. The 
single-bend catheter was pushed, and the tail 
hook of filter was locked. Then, the long sheath 
was pushed, and the filter was retrieved into 
the long sheath (Figure 2). Postoperative radi-
ography was performed to confirm the exis-
tence of abnormal signs or not.

During surgery, all patients were given standard 
whole body heparinization (80-100 unit/kg 
heparin sodium, with addition by 18-20 unit/kg 
per hour). The standard anticoagulant therapy 
was performed during the perioperative period. 

Figure 2. Inferior vena cava filter retrieving using 9-Fr long sheath combined with memorable alloy trap. A: Angiog-
raphy confirmed that the inferior vena cava was unobstructed, with no obvious filling defect in the filter. B: 9-Fr long 
sheath was inserted, and the 5-Fr single-bend catheter containing memorable alloy trap was placed. C: The direc-
tion of memorable alloy trap was adjusted to trap the tail hook of filter. D: The long sheath was pushed, and the filter 
was retrieved into the long sheath.
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Table 1. General information of patients
Index Conventional retrieving group Long sheath + trap group t/χ2 P
n 20 14
Gender [n (%)] 2.835 0.092
    Male 13 (65.00) 5 (35.71)
    Female 7 (35.00) 9 (64.29)
Age (years) 58.81 ± 16.92 57.93 ± 13.33 0.162 0.872
DVT site [n (%)] 2.072 0.150
Left side 16 (80.00) 8 (57.14)
Right side 4 (20.00) 6 (42.86)
Combined PE [n (%)] 2.505 0.113
    Yes 6 (30.00) 8 (57.14)
    No 14 (70.00) 6 (42.86)
Combined LIVS [n (%)] 2 (10.00) 4 (28.57) 1.954 0.162
DVT clearance method [n (%)] 3.603 0.058
    CDT 15 (75.00) 6 (42.86)
    Angiojet thrombus aspiration 5 (25.00) 8 (57.14)
DVT, Deep vein thrombosis; PE, pulmonary embolism; LIVS, left iliac venous stenosis; CDT, catheter-directed thrombolysis.

The oral administration of warfarin or rivaroxa-
ban was selected according to the patient’s 
economic conditions and wishes. The pulmo-
nary artery CTA was reexamined on the second 
day after the surgery.

Follow-up

After 1, 2, and 4 weeks from surgery, ultra-
sound examination was performed on the jugu-
lar vein and IVC to confirm whether there were 
puncture point hematoma, thrombosis or ste-
nosis in jugular vein, thrombosis in IVC, and 
exudation or hematoma beside IVC.

Data collection 

The general data of all patients were collected, 
including gender, age, VTE site, combined pul-
monary embolism (PE), VTE clearance method, 
etc. In addition, the duration of filter in body 
(from filter implantation to retrieving), duration 
of filter retrieving surgery, radiation exposure 
time, intraoperative/postoperative adverse ev- 
ents (filter retrieving failure, IVC injury, postop-
erative residual IVC stenosis, residual wall 
thrombosis, intraoperative/postoperative new 
PE, puncture site complications, etc.), length of 
hospitalization and treatment cost were re- 
corded.

Statistical analysis

All statistical analysis was carried out using 
SPSS 22.0 software (SPSS Inc., Chicago, IL, 

USA). The enumeration data are presented as 
number and rate, and were compared using χ2 
test. The measurement data are presented as 
mean ± SD, and were compared using t test. P 
< 0.05 was considered as statistically sig- 
nificant.

Results

General information of patients

In 34 patients, the average age was 58.4 ± 
15.3 years. There were 18 males (52.94%) and 
16 females (47.06%). Twelve patients (35.29%) 
were implanted with Cook Celect retrievable fil-
ter and 22 patients (64.71%) were implanted 
with Günther Tulip retrievable filter. The dura-
tion of filter in the body was 8-28 days. 

In the conventional retrieving group, there were 
20 cases using Günther Tulip retrievable filter 
and 0 case using Cook Celect retrievable filter, 
respectively. In the long sheath + trap group, 
there were 2 cases using Günther Tulip retriev-
able filter and 12 cases using Cook Celect 
retrievable filter, respectively. There was no sig-
nificant difference of gender, age, DVT site, 
combined PE, combined left iliac venous steno-
sis or DVT clearance method between the two 
groups (Table 1).

Efficacy of two filter retrieving methods 

In each group, the success rate of filter retriev-
ing surgery reached 100%. The duration of filter 
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retrieving surgery in long sheath + trap group 
was 29.36 ± 10.72 minutes, which was signifi-
cantly shorter than 39.45 ± 15.94 minutes in 
the conventional retrieving group (P < 0.05). 
The radiation exposure time in long sheath + 
trap group was 8.43 ± 1.40 minutes, which 
was significantly shorter than 11.80 ± 2.14 
minutes in the conventional retrieving group (P 
< 0.01). In addition, the treatment costs of filter 
retrieving surgery in conventional retrieving 
group and long sheath + trap group were 
12226.50 ± 1182.72 yuan and 10126.79 ± 
1612.17 yuan, respectively. Even without con-
sidering the incorporation of medical insurance 
reimbursement, the treatment cost in long 
sheath + trap group was significantly lower 
than that in conventional retrieving group (P < 
0.05) (Table 2). This helped to reduce the eco-
nomic burden of the patients. 

Safety of two filter retrieving methods

There was no serious adverse event (postoper-
ative new PE or recurrent PE, death, filter 
retrieving failure, IVC rupture, residual IVC ste-
nosis, residual IVC wall thrombosis, puncture 
site complications, etc.) in each group. In the 
long sheath + trap group, there was 1 patient 
(7.14%) in which the filter was difficult to be 
retrieved due to the serious filter inclining and 
filter tail hook sticking to vena cava wall. In this 
case, the Loop technique was added to the 
9-Fr long sheath combined with memorable 
alloy trap, and then the filter was successfully 
taken out. In each group, no serious adverse 
event occurred in the postoperative follow-up.

Discussion

VTE can lead to the high disability and high 
mortality [5]. The DVT of lower extremity and PE 
are the most common forms of VTE [6]. The 
implantation of IVC filter is an important sup-
plementary technique in treatment of VTE, 

which can reduce the risk of PE in DVT patients 
[7]. Although it has been reported that, in the 
DVT treatment there is no significant differenc-
es in PE incidence, VTE recurrence or thrombus 
formation between using permanent filter and 
retrievable filter [8], the time prolongation of 
filter in body can increase the probability of 
implantation related complications [3, 9]. The 
complications after the implantation of the IVC 
filter include IVC thrombosis, filter penetration 
into IVC wall, filter displacement, filter fracture, 
etc. [10]. Some literature [11, 12] has reported 
that the filter can migrate to right atrium and 
pulmonary artery, perforate duodenum and 
small intestine, and even the filter reversely can 
migrate to the rectum. The incidence of the 
above complications will increase with the 
increase of the duration of filter in body [13, 
14]. Therefore, FDA clearly suggests that, if the 
protective effect of temporary filter on PE is no 
longer obvious, it should be taken out as soon 
as possible [12].

In treatment of VTE, the implantation of tempo-
rary filters or retrievable filters and retrieving 
them as early as possible has become a con-
sensus in current clinical practice. Adopting the 
retrievable devices equipped by the manufac-
turer is the currently internationally used meth-
od. However, it has been found that, the dissat-
isfaction of retrieving rate of recoverable filter 
is related to the postoperative loss of visit and 
the use of conventional retrieving methods 
[15]. Even it has been reported that, more than 
15% of patients suffer from filter retrieving fail-
ure due to using the conventional filter retriev-
ing method [16].

In clinical practice, our experiences in using the 
conventional filter retrieving method and long 
sheath + trap method are as follows: (i) As the 
trap of the Cook MReye retrieving device is not 
memorable, the strangling is easy to happen 
during the hook process, which leads to the dif-

Table 2. Efficacy of two filter retrieving methods

Index Conventional retrieving 
group

Long sheath + trap 
group

t P

Duration of filter in body (day) 22.55 ± 13.48 22.50 ± 9.22 0.012 0.990
Duration of filter retrieving surgery (min) 39.45 ± 15.94 29.36 ± 10.72 2.060 0.047
Radiation exposure time (min) 11.80 ± 2.14 8.43 ± 1.40 5.158 < 0.001
Length of hospitalization (days) 1.75 ± 0.79 1.57 ± 0.65 0.702 0.488
Treatment cost (yuan) 12226.50 ± 1182.72 10126.79 ± 1612.17 4.387 < 0.001
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ficulty in trapping the tail hook of filter, even 
sometimes the trap needs to be taken out for 
reshaping. The memorable alloy trap can effec-
tively ensure the elliptical shape when it is 
working. The operator can conveniently adjust 
the direction of trap so as to trap the tail hook. 
In addition, the working area of the memorable 
alloy trap is larger than that of Cook MRey 
device. This also greatly facilitates the trapping 
of filter tail hook. (ii) The Cook MReye device 
has straight head long sheath, which lacks 
direction orientation for the inclined and adher-
ent filter. However, the 9-Fr long sheath can 
freely select the straight head or bended head, 
and even the Fustar adjustable sheath can be 
used as one of the options. Even without con-
sidering the head shape of the long sheath, the 
single-bend catheter can be controlled and 
rotated freely. This greatly increases the intra-
operative manipulation and shortens the trap-
ping time. In this study, the duration of filter 
retrieving surgery and radiation exposure time 
in long sheath + trap group were significantly 
shorter than those in conventional retrieving 
group, respectively. This indicates that, the 9-Fr 
long sheath combined with the memorable 
alloy trap can effectively shorten the length of 
operation, thus reducing the radiation exposure 
time. (iii) The external diameter of the Cook 
MReye filter retrieving device is 11-Fr. Compared 
with Cook MReye device, the 9-Fr long sheath 
system can reduce the damage to the approach-
involved vessels, and the complications of the 
puncture point.

In addition, in this study, even without consider-
ing the incorporation of medical insurance 
reimbursement, the treatment cost in long sh- 
eath + trap group was significantly lower than 
that in conventional retrieving group (P < 0.05). 
If the medical insurance reimbursement was 
considered, the treatment cost of the patients 
used the new retrieving method will be greatly 
reduced, compared with patients using conven-
tional retrieving method. A further detailed co- 
st-benefit analysis on the total treatment cost 
and cost of simple surgical consumables will be 
done in the future. It is believed that, the long 
sheath with memorable alloy trap is of great 
benefit for the reduction of the total economic 
burden of patients.

In conclusion, in filter retrieving surgery, the 
technique using 9-Fr long sheath combined 
with memorable alloy trap is superior to the 

technique using conventional Cook MReye filter 
retrieving device in duration of surgery, radia-
tion exposure time, and treatment cost. In addi-
tion, this technique has no serious intraopera-
tive or postoperative complications. This sug-
gests that, the technique using 9-Fr long sheath 
with memorable alloy trap is a safe, reliable and 
economical technique for retrieving the IVC fil-
ter. It has bright application prospects in clinic. 
This study still has some limitations. The sam-
ple size of this study is relatively small, which 
may affect the persuasiveness of the results. In 
our follow-up studies, the sample size will be 
further increased for obtaining more satisfac-
tory outcomes.
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