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Abstract
Background: It has been widely reported that IVCFT is a type of thrombotic disease. However, there are
very few case reports regarding free-�oating thrombi on retrieval hooks.

Case presentation: This case report describes inferior vena cava �lter thrombosis (IVCFT) associated with
a free-�oating thrombus on a retrieval hook in a 26-year-old male. Rotational digital subtraction
angiography (RDSA) was used for the diagnosis and a second retrievable �lter was placed above the
original �lter to prevent detachment of the thrombi. Catheter-directed thrombolysis (CDT) and aspiration
thrombectomy (AT) were used to treat the thrombosis, and both �lter retrievals were performed
successfully.

Conclusions: Attention should be paid to the diagnosis and endovascular procedures of a free-�oating
thrombus on a retrieval hook. In the event of thrombosis, the therapeutic effect and safety level can be
increased through CDT combined with AT.

Background
Inferior vena cava (IVC) �lters can effectively reduce the risks of venous thromboembolism (VTE) and the
morbidity and mortality of pulmonary embolism (PE) [1]. However, the detachment of free-�oating thrombi
and primary thrombosis caused by the �lter may lead to inferior vena cava �lter thrombosis (IVCFT) [2],
which could result in IVC obstruction or increase the incidence of PE[3]. To date, no report has been found
on IVCFT associated with a free-�oating thrombus on a retrieval hook. Hence, we present a case of the
diagnosis and interventional therapy of IVCFT associated with a free-�oating thrombus on a retrieval
hook with a literature review.

Case Presentation
A 26-year-old male underwent skin grafting to the right calf due to sharp instrument injury. Postsurgical
swelling aggravated his right lower limb. On the fourth day after surgery, ultrasonography of the lower
extremity revealed right iliac vein and femoral vein thrombosis (complete) and a D-dimer of 9.23 mg/L.
The patient was diagnosed with mixed acute deep vein thrombosis of the right lower extremity. Catheter-
directed thrombolysis (CDT) was performed after Günther Tulip retrievable �lter (Cook Medical Inc.,
Bloomington, IN, USA) placement (Fig. 1). Postoperative systemic anticoagulant therapy was then
performed. After surgery, swelling in the right lower limb was obviously alleviated and the patient was
discharged at the �fth day after thrombolysis. Regular oral rivaroxaban was administered after discharge.
  

The patient returned to the hospital 45 days after �lter placement and was scheduled to undergo IVC �lter
retrieval. No swelling was observed in the patient’s right lower limb. Doppler ultrasonography of the lower
limb indicated that the right lower extremity deep veins were unobstructed with no thrombosis and a D-
dimer of 0.73 mg/L.
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Posteroanterior (PA) views of the lower IVC via right jugular vein puncture suggested unobstructed blood
�ow and no �lter migration. A sub-round �lling defect was detected in the �lter and a round �lling defect
was noted �oating above the �lter retrieval hook. A pigtail catheter was introduced below the �lter
through a sheath. Rotational digital subtraction angiography (RDSA) and 3D reconstruction were then
performed indicating that a �lling defect was seen in the retrieval hook and IVC �lter, but no �lter tilt was
detected. A retrieval Günther Tulip �lter was implanted above the original �lter. Urokinase (400,000 IU/d)
was then injected through the pigtail catheter for thrombolysis therapy (Fig. 1).

IVC angiography after 5 days suggested no obvious change in the �lling defect in the original �lter or the
retrieval hook and no obvious �lling defect in the retrievable �lter placed above. A short vascular 9F
sheath was implanted via right femoral super�cial vein puncture, while a long 7F sheath (90 cm) was
introduced to the original �lter. Multiple red and pale thrombi were then removed through negative
pressure aspiration thrombectomy (AT) (Fig. 2). Another angiography showed reduced �lling defects in
the original �lter and no obvious �lling defect in the second �lter. The original �lter was successfully
retrieved via the right jugular vein. The angiography of the sheath via right femoral vein demonstrated
multiple �lling defects (Fig. 1). The long 7F sheath (90 cm) was then inserted into the second retrievable
�lter to remove red and pale thrombi (mainly pale) through negative pressure AT. The angiography was
conducted again, resulting in obviously reduced �lling defects in the second �lter, which was then
successfully retrieved via the right jugular vein. Another angiography showed that the IVC was
unobstructed with no stenosis or extravasation of contrast agents. Angiography of the main pulmonary
artery via pigtail catheter insertion indicated no obvious �lling defects in the main pulmonary artery and
the primary to tertiary bronchi. Sparse blood vessels in the middle-upper part of the right peripheral lung
suggested the possibility of small PE.

The patient did not develop symptoms such as cough, hemoptysis, chest congestion, chest pain, or
dyspnea. ECG monitoring indicated a normal blood oxygen saturation level. The patient was discharged
on day 2 after the procedure. A 6-month follow-up showed that the patient's symptoms completely
resolved and he was able to bear weight and walk comfortably.

Discussion
According to research[4], the incidence of IVCFT in 598 cases of �lter implantation was approximately
18.6%, of which 4 cases were associated with thrombosis above the �lter. A prior study[5] reported 1 case
of IVC �lter thrombosis on a retrieval hook of a �lter tilted and attached to the IVC wall, in which the
thrombus detached without endovascular therapy. However, no report has been found on IVCFT
associated with a free-�oating thrombus on retrieval hook endovascular therapy.

Causes of free-�oating thrombi on retrieval hooks

The causes of IVCFT mainly include the following: (1) free-�oating thrombi are captured, (2) the �lter
stimulates the IVC wall resulting in IVCFT, and (3) iliac vein thrombi extend into the �lter and lead to
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IVCFT[6]. In addition, factors including various shapes of �lters produced by different manufacturers, �lter
implantation time, blood hypercoagulability (cancer, obesity, pregnancy, antiphospholipid syndrome, etc.),
and patient age can cause IVCFT[7]. In our case, no tilt was observed in the IVC �lter and standard
anticoagulant therapy was initiated. The �lling defects in the �lter are considered to be detached thrombi
captured by the �lter. When there is a small amount of thrombus in the �lter, if the IVCF is close to the
renal vein, the �uid dynamics of the renal venous vein will be affected. High wall shear stress (WSS)
occurs along the caval wall downstream from the thrombus in infrarenal �lter positions. The lower the
WSS, the slower the blood �ow velocity in the section, leading to an increased possibility of thrombosis.
When the IVCF is placed just below or near the level of the renal vein, the lowest WSS is close to the low
�ow area downstream of the bilateral renal veins[8]. This is the recovery hook location (Fig. 3). Therefore,
the causes of a free-�oating thrombus on a retrieval hook could be as follows: a vortex of venous return
forms near the retrieval hook after the detached IVC thrombi are captured by the �lter, leading to platelet
adhesion, so stagnation and even coagulation can occur among platelets. Blood cells are wrapped in
�brin strands and eventually form mixed thrombi (Fig. 2).

Diagnosis of free-�oating thrombi on retrieval hooks

Most IVCFT patients have no clinical symptoms[9]. Generally, IVCFT is diagnosed when the patient is
scheduled to undergo �lter retrieval surgery and DSA detects �lling defects in the �lter. This examination
is the gold standard for IVCFT diagnosis. Zhang et al.[10] conducted multi-angle IVC angiography on 1
patient with suspected IVCFT in which the �lling defects were eventually assessed as artifacts in the �lter;
hence, artifacts in �lters should not be overlooked. RDSA conducts data acquisition and imaging on
selected areas using a fast rotating C-arm, acquires dynamic subtraction images from different
continuous angles, and generates CT-like images through 3D reconstruction to provide more accurate and
detailed image information[11]. IVC angiography using RDSA can avoid the interference of intestinal gas
and centrum while improving the accuracy of IVCFT diagnosis. Moreover, RDSA can initiate multi-angle
and dynamic observation on IVC thrombi. The round �lling defect �oating above the retrieval hook in our
case had a candlelight shape, which was unattainable via regular IVC enhanced CT scan. 

Endovascular treatment of free-�oating thrombi on retrieval hooks 

IVCFT therapies involve anticoagulants, CDT, and PMT. The American College of Chest Physicians
(ACCP) in Antithrombotic Therapy for VTE Disease: CHEST Guidelines[12] recommend that when there are
no anticoagulant medication contraindications, anticoagulant therapy should be initiated after �lter
placement. New oral anticoagulants with low risks of bleeding and no need for INR measurement such as
rivaroxaban are also recommended. A prior study[7] indicated that once IVCFT is observed, the patient
should undergo immediate anticoagulant therapy as soon as anticoagulant medication contraindications
are ruled out, and the possibility of fatal PE and serious complications of the lower extremity should be
assessed. In cases of low possibilities, anticoagulant therapy should continue and angiography
reexamination should be performed in 2 to 3 weeks; in cases of high possibilities, further treatment is
required.
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CDT ensures the effect of thrombolysis while reducing the dosage and thrombolysis time, signi�cantly
lowering the risk of bleeding and bene�tting patients the most[12]. CDT is superior to peripheral venous
thrombolysis (PVT)[13]. Aiming at IVCFT, Tian et al.[14] noted that the therapeutic effect of local CDT far
exceeded that of PVT and the �lter removal rate in a local CDT group was higher than that in a PVT
group. 

In our case, the therapeutic effect of oral rivaroxaban combined with standard anticoagulant therapy and
CDT for 5 days was not satisfactory, which could have been caused by the following: (1) in CDT therapy,
the catheter’s side hole of the is usually placed inside the thrombi; however, it is relatively di�cult to insert
the wire through retrieval hook thrombi, which is especially true for free-�oating thrombi; hence,
thrombolytic drugs have only limited access to the thrombi; (2) thrombolytic drugs in the IVC �lter may be
removed by venous return before the thrombi is fully accessed; (3) the thrombi formation time is rather
long, while the therapeutic effect of CDT depends on the age and thrombi load. The thrombolytic effect of
chronic thrombosis is not ideal; therefore, the combination of AT or percutaneous mechanical
thrombectomy (PMT) with CDT could be more effective for removing thrombi and reducing the dosage of
thrombolytic drugs and the thrombolysis time, which is superior to the exclusive use of either
therapy[15,16]. Free-�oating thrombi on retrieval hooks have a detachment risk; hence, new retrievable
�lters should be placed above original �lters to prevent secondary PE caused by retrieval hook thrombi
detachment during AT. There are also indications[17] that when the IVCFT load is relatively heavy and the
thrombi are larger than 50% of the IVC diameter, retrieval �lters should be placed before AT. For AT
therapy against IVCFT, aspiration catheters should be placed as close as possible to the thrombi to
reduce the amount of bleeding, since the blood �ow around the thrombi is relatively heavy; hence,
adjustable curved sheaths or MPA catheters with a diameter over 8F are suggested. RDSA excels at
locating the positions of thrombi and guiding CDT catheters. Retrieval hook thrombi, free-�oating thrombi
in particular, should be crushed by the catheter and captured by the �lter above after detachment and
then removed by AT. Filters should be retrieved as soon as possible after IVCFT removal to eliminate
further risks.  

When IVCFT develops into chronic thrombosis, CDT and PMT may no longer effectively remove the
thrombi, so balloon dilatation and stent implantation should be considered to reconstruct the IVC. Branco
et al.[18] initiated balloon dilatation on 4 patients and stent implantation on 2 out of 9 IVCFT patients, and
the occlusions were successfully removed. Cui et al.[19] implanted IVC stents in 40 IVCFT patients. The
stents and �lters were in good shape with no serious bleeding or PE, and the restenosis rate was 7.7% 12
months after surgery. Marmagkiolis et al.[20] reported successful IVC reconstruction with PMT, balloon
dilatation, and stent implantation on 1 IVCFT patient. Self-expandable braided stents are recommended
(such as Wallstent) [21]. The stents can be placed either parallel or through the �lter in accordance with
the �lter shape; that is, the �lter can be regarded as the reference for stent anchorage. In brief, it is both
feasible and safe to implant stents in patients with chronic IVCFT to remove occlusions, whereas the
long-term patency rate of stents still needs to be further improved[20-23]. 
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Conclusion
A vortex of venous return formed near the retrieval hook caused by thrombi in the �lter leading to a free-
�oating thrombus on non-tilting IVC �lter retrieval hook thrombosis. RDSA can provide a reliable
diagnosis of IVCFT associated with retrieval hook thrombosis. Retrievable �lter implantation above the
original �lter is an effective method of preventing symptomatic PE caused by thrombi detachment. If
thrombosis occurs, the therapeutic effect and safety level can be improved by CDT combined with AT.
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Figures

Figure 1

(A) The �lter was placed at the level of the superior border of the L2 vertebra. (B) IVC angiography
indicated �lling defects in the �lter. The round �lling defect �oating above the retrieval hook appeared to
have a candlelight shape. (C) RDSA and 3D reconstruction revealed IVC �lter and retrieval hook
thrombosis. (D) A second retrievable �lter was placed above the original �lter (white arrow); the tip of a
pigtail catheter was placed in the original �lter for thrombolysis (black arrow). (E) IVC angiography
suggested that IVCFT had no obvious change. (F) The thrombi in the original �lter were partially removed
after AT. (G) The original �lter was retrieved, and the detached retrieval hook thrombi were captured by the
second �lter’s umbrella-shaped section (black arrow). (H) The thrombi in the second �lter were mostly
removed after AT.
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Figure 2

(A) A small number of thrombi were attached to the umbrella-shaped section of the original retrieved �lter
(black arrow). Several red and pale thrombi were removed after AT, some the color of salmon (white
arrow). (B) The shape of the second retrieved �lter (black arrow) and the red and mostly pale thrombi
after AT (white arrow).

Figure 3

Fluid dynamics simulation of blood �ow in IVC IVCFT (orange); high WSS area (red); low WSS area (blue);
retrieval hook thrombosis (green).


