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Deep vein thrombosis is a common clinical peripheral vascular disease that
occurs frequently in orthopaedic patients and may lead to pulmonary embolism
(PE) if the thrombus is dislodged. pulmonary embolism can be prevented by
placing an inferior vena cava filter (IVCF) to intercept the dislodged thrombus.
Thus, IVCFs play an important role in orthopaedics. However, the occurrence of
complications after inferior vena cava filter placement, particularly recurrent
thromboembolism, makes it necessary to carefully assess the risk-benefit of
filter placement. There is no accepted statement as to whether IVCF should be
placed in orthopaedic patients. Based on the problems currently displayed in
the use of IVCFs, an ideal IVCF is proposed that does not affect the vessel wall
and haemodynamics and intercepts thrombi well. The biodegradable filters that
currently exist come close to the description of an ideal filter that can reduce
the occurrence of various complications. Currently available biodegradable
IVCFs consist of various organic polymeric materials. Biodegradable metals
have shown good performance in making biodegradable IVCFs. However,
among the available experimental studies on degradable filters, there are no
experimental studies on filters made of degradable metals. This article reviews
the use of IVCFs in orthopaedics, the current status of filters and the progress of
research into biodegradable vena cava filters and suggests possible future
developments based on the published literature by an electronic search of
PubMed and Medline databases for articles related to IVCFs searchable by
October 2022 and a manual search for citations to relevant studies.
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1 Introduction

DVT is the abnormal clotting of blood in the deep veins and
is a venous return disorder. It is commonly seen in patients who
are bedridden and have limited limb movement and is one of the
most common peripheral vascular diseases in clinical practice.

Venous thromboembolism (VTE) includes DVT and PE.
Acute PE is the most serious clinical manifestation of venous
thromboembolism (Konstantinides et al., 2014). When a DVT is
dislodged in the body, the embolus travels down the IVC to the
right atrium and into the right ventricle, where it reaches the
pulmonary artery through the blood flow, causing a serious
complication: PE.

The occurrence of PE is substantially associated with
untreated lower leg deep vein thrombosis. Currently it is
possible to prevent PE by placing an IVCF in the inferior
vena cava (IVC) to intercept the dislodged thrombus.

Although all published guidelines agree that IVCFs are
indicated in patients who have an acute VTE and who cannot
receive anticoagulation medications or in whom adequate
of
appropriate use and effect, some indications are more
(Weinberg et al., 2013). There has been
considerable debate about whether IVCF is recommended for

anticoagulation has clearly failed despite evidence

controversial

implantation as a preventive measure for patients in orthopedics
(Cohen-Levy et al., 2019).

Currently for orthopaedics, patients undergoing orthopaedic
surgery are at increased risk of DVT and PE due to factors such as
limited mobility, prolonged bed rest and the use of intraoperative
tourniquets, making them a high-risk group for the development
of VTE (El-Daly et al,, 2013).

The management of thromboprophylaxis in patients with
pelvic and acetabular fractures remains a highly controversial
topic within the trauma community. Despite anticoagulation,
VTE remains the most common cause of surgical morbidity and
mortality in this high-risk patient group (El-Daly et al., 2013).

Following surgically treated spinal injuries, the risk of
epidural haematoma is low but the consequences are
extremely harmful. Although some studies have concluded
that well-controlled anticoagulation is not associated with an
increased risk of postoperative spinal epidural haematoma
(Awad et al, 2005). However, there is still insufficient
evidence on the safety of postoperative chemoprophylaxis for
patients who have undergone spinal surgery. Therefore, some
physicians may be reluctant to start anticoagulation therapy soon
after surgery to prevent thrombosis. So some doctors may be
reluctant to start anticoagulation shortly after surgery to prevent
thrombosis. The impact of anticoagulation therapy on wound
healing also makes orthopaedic surgeons cautious about the use
of anticoagulants postoperatively (Ploumis et al., 1976). Some
surgeons therefore opt for prophylactic implantation of an IVCF
to prevent PE and to avoid the risks associated with
anticoagulation (Rosner et al., 2004).
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However, some studies have now shown that the placement
of IVCFs increases the probability of DVT and the long-term
benefits of inferior vena cava filters have been questioned
(Hirano et al, 2021), raising questions about whether
orthopaedic patients would benefit from preoperative IVCF
placement.

To perform a more visual assessment of the currently
available studies on the inferior vena cava filter, we have
visualized and analysed the relevant documentation through
vosviewer.

Supplementary Figure S1 shows that the research available on
vena cava filters is divided into four main topics: the causes,
prevention, and treatment of PE; methods and placement sites of
IVCFs in clinical use; complications associated with IVCF
implantation; and causes of thrombosis. In Supplementary
Figure S2, we can see that in recent years there has been an
increased interest in complications related to filter implantation
and surgical management.

2 Current orthopaedic preventive
measures for VIE

In the 2020 Interventional Radiology Society clinical practice
the
thromboembolic disease with IVCFs, it was mentioned that

guideline for treatment of patients with venous
given the high efficacy of modern venous thromboembolic
drug prophylaxis in surgical patients, future studies should
focus on whether certain patients considered to be at high
risk of venous thromboembolism (e.g., patients undergoing
bariatric, orthopaedic, or cancer surgery) would benefit from
IVCF placement (Kaufman et al., 2020).

Patients undergoing orthopaedic procedures, such as total
knee arthroplasty (TKA) or total hip arthroplasty (THA), are
considered to be at very high risk for the development of venous
embolism because of the many factors that contribute to venous
stasis, such as the age of the patient, the position on the operating
table, the use of a thigh tourniquet to provide a blood-free area
during knee arthroplasty, and prolonged resting of the patient
before and after surgery.

Before 1980, after a patient underwent orthopaedic surgery,
the incidence of symptomatic VTE events was 15-30% in the
absence of venous thrombosis prevention, and with modern
surgical techniques, postoperative care and effective
pharmacological prophylaxis, the rate of symptomatic DVT
was estimated at 0.8% and PE at 0.35% (Falck-Ytter et al., 2012).

In one study, it was also noted that the rarity of clinical VTE
observation by surgeons may be due to the subclinical nature of
coagulation masked by the postoperative inflammatory healing
process and the short hospital stay of only a few days in most
centres. With shorter hospital stays after major joint surgery, an
increasing proportion of patients will be discharged with VTE

(Bjornara et al., 2006).
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A study of medical costs for orthopaedic patients showed that
patients with DVT had more than $2,000 more in medical costs
compared to patients who did not have DVT (Nutescu et al.,
2008).

The above statistics show that patients are at significantly
higher risk of developing VTE after all types of orthopaedic
surgery, that VTE accounts for a greater proportion of serious
adverse outcomes in the postoperative period and that the cost
of care for patients with DVT complications after orthopaedic
surgery is significantly higher. Therefore, the prevention of
pulmonary embolism is particularly important for
orthopaedic patients, from both a life and an economic
point of view.

There are currently two main types of prevention methods
for VTE: post-operative walking, mechanical prophylaxis and
chemical prophylaxis.

In addition to reducing the incidence of postoperative
thromboembolism, early postoperative ambulation has a
positive impact on the patient’s recovery of gastrointestinal
function (Talec et al., 2016).

The main drugs commonly used for pharmacological
prophylaxis include heparin, factor Xa inhibitors, vitamin K
antagonists, direct coagulation inhibitors, and antiplatelets.

Heparin achieves anticoagulation mainly by inhibiting the
function of prothrombin (X, IX, XI and XII) after binding to
antithrombin (Olson and Chuang, 2002). The common heparin
analogues are unfractionated heparin (UFH)and low molecular
weight heparin (LMWH). Compared with heparin, LMWH has a
longer half-life, and produces a more predictable anticoagulant
response (Weitz, 1997).

Factor Xa inhibitors inhibit the production of thrombin by
selectively inhibiting factor Xa to achieve anticoagulation (Bauer
et al., 2002). Representative drugs include sodium fondaparinux
and rivaroxaban. A study in 2019 (Lewis et al., 2019) showed that
the use of rivaroxaban was the most effective strategy for
preventing deep vein thrombosis in patients undergoing
elective TKA.

Vitamin K antagonists inhibit the synthesis of coagulation
factors II, VII, IX and X in the liver, which are involved in vitamin
K. They are not resistant to coagulation factors II, VII, IX and X
that are already present in the blood. Representative drugs
include warfarin. In a 2016 guideline (Witt et al, 2016) on
warfarin for the treatment of venous thromboembolism, it is
stated that warfarin should be started as soon as possible after
diagnosis of venous thromboembolism, preferably on the same
day, in combination with UFH, LMWH or sulforaphane sodium.

Direct thrombin inhibitors such as dabigatran bind to the
fibrin-specific binding site of thrombin and prevent the cleavage
of fibrinogen to fibrin, thus blocking the final step in the
coagulation waterfall network and thrombosis. This drug is
already approved for the prevention of VTE after TKA and
THA (Schulman and Majeed, 2011).
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Antiplatelets such as aspirin has an antiplatelet effect by
inhibiting the production of thromboxane.

The use of these anticoagulants can sometimes be
accompanied by some negative effects. For example, the
development of heparin-induced thrombocytopenia may
occur with the use of heparin (Franchini, 2005), long-term
use of aspirin increases the risk of gastrointestinal bleeding
(Sostres and Lanas, 2011) and gastric ulcers, and the use of
various anticoagulants increases the risk of bleeding (Lewis
et al.,, 2019).

Mechanical prevention mainly includes compression
stockings (Hui et al, 1996), external mechanical equipment
(Zhao et al., 2014), etc. Devices such as compression stockings
and external mechanical devices can reduce the chance of DVT
by reducing stasis in venous blood flow, but external mechanical
devices should not be used in patients with lower limb trauma
and compression stockings are contraindicated in patients with
peripheral arterial disease and atherosclerosis. These mechanical
prophylaxis methods are only external to the body and are non-
invasive and do not increase the risk of bleeding compared to
pharmacological prophylaxis (Falck-Ytter et al., 2012).

3 IVCF for orthopaedic management
of VTE

The IVCF is an intravascular interceptor device that
intercepts foreign bodies flowing through the IVC and
prevents them from reaching the pulmonary artery and
causing PE. However, because the function of IVCF is
strictly speaking to intercept thrombus and not to prevent
thrombosis, IVCF has not been included in many studies as a
mechanical prophylactic device. Because of the various risk
factors for VTE in orthopaedic patients, IVCEF is increasingly
being used in the perioperative period in orthopaedic
surgery, and the risk benefit of IVCF placement in
orthopaedic patients is gaining attention, and the question
of whether IVCF should be placed in patients undergoing
orthopaedic surgery is beginning to be investigated.

However, these studies have shown mixed results, with some
suggesting that vena cava filters may be beneficial in patients
undergoing orthopaedic surgery (Stein et al., 2018), and others
suggesting that IVCF implantation is unnecessary in orthopaedic
patients (Segon et al., 1995). Therefore, determining which
patients may not benefit from prophylactic filters and limiting
unnecessary placement is one of the challenges of using inferior
vena cava filters for prophylactic treatment (Stein et al.,, 2018).

The incidence of DVT and PE after various types of
orthopaedic surgery has been statistically analysed by
several researchers. The types of orthopaedic surgery
involved in these studies are described separately below as
a basis for classification.
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3.1 The role of IVCF in joint surgery

The incidence of VTE in patients undergoing joint surgery
ranges from 2.9% to 3.7% and is the most common postoperative
complication after joint surgery (Bjornard et al., 2006). The risk
of VTE persists for up to 3 months after hip surgery and 1 month
after total knee replacement (TKR) (Bjornard et al., 2006). For
patients who undergo total joint replacement, the incidence of
postoperative pulmonary embolism is 1.07%, 81% within the first
3 days, 89% within the first week, and 94% within 2 weeks
(Parvizi et al., 2015). For those who underwent joint replacement
surgery, fatal pulmonary embolism resulted in 58% of deaths
(Dahl et al., 2005).

It is easy to see from the above studies the high incidence and
risk of VTE after arthroplasty. Thus, in a 1996 study on the
treatment of PE after TJA, the risk of treating symptomatic PE
with an IVCF was evaluated and the use of an IVCF for
symptomatic PE was shown to be a viable option (Bicalho
1996). This was followed by a 2007 study of
arthroplasty patients undergoing IVCF, which again
demonstrated that IVCF is a valuable and effective method of
preventing fatal thromboembolic outcomes in patients with
established thromboembolism (Austin et al., 2007).

However the small number of cases in the two studies

et al.,

mentioned above may have been more biased. Thus, a report
in 2021 reviewed 2,857 hip or knee replacements between
January 2013 and December 2018. The results showed that for
high-risk patients with a history of preoperative VTE the use of
an IVCF was associated with a significantly lower incidence of PE
and that the incidence of postoperative VTE was more than twice
as high in high-risk patients as in other patients. The results
demonstrate the effectiveness of prophylactic placement of
IVCFs during hip/knee arthroplasty.

In a study comparing approaches to PE prevention after TJA,
it was found that among patients who received warfarin, IVCF
was associated with fewer complications and lower overall
hospital costs compared to the use of heparin for the
treatment of PE after TJA (Raphael et al., 2014).

Although there is clear evidence of the efficacy of IVCF in
the
implantation have not been followed over time in the trials

arthroplasty, complications associated with filter
described above. In one case report from 2013 (Langlois et al.,
2013), it was shown that prolonged placement of the filter led to
vena cava thrombosis, which in turn led to intra-articular capsule
oedema and ultimately to femoral separation of the prosthesis.

The 9-year cumulative risk of IVC occlusion due to
permanent filters is estimated to be 33.2% (Crochet et al,
1999). The fact that IVC occlusion is long term and
progressive, even without obvious symptoms, may result in a
condition that is not observed by researchers in the short term.
Although the use of recyclable filters is now mostly
recommended, due to the low retrieval rate of filters,
unretrieved filters can remain in the body for long periods of
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time leading to complications and some patients still choose to
have permanent filters placed for various reasons.

Although there is debate as to which is the more effective
strategy for the prevention of VTE after TKA, single- or
combined-measure prevention strategies (Dorr et al, 2007;
Gesell et al., 2013; Lewis et al, 2019). However, the role of
IVCF placement in the prevention of PE in a high-risk group
with a previous history of VTE after joint surgery is well
established.

3.2 The role of IVCF in fractures

The studies found on the use of IVCF in fracture patients are
mainly in the area of pelvic and acetabular fractures and to a
lesser extent in lower limb fractures, the following will focus on
pelvic and acetabular fractures and the use of IVCF in these
patients.

Patients with pelvic and acetabular fractures have a high
probability of developing VTE, with estimates of the incidence of
DVT following pelvic trauma ranging from 35% to 61% (Godoy
Monzon et al., 2012)and the risk of PE between 2% and 10%
(Montgomery et al.,, 1996). The prevalence of VTE is more in
pelvi-acetabular trauma in comparison to hip arthroplasty. This
is attributed to multiple factors including high velocity injury,
disruption of pelvic vessels, immobilization for long duration and
manipulation during surgical procedure (Aggarwal et al., 2020).
Comprehensive data show that pulmonary embolism accounts
for 10-40% of all deaths in all cases undergoing hip fracture
surgery (Dahl et al., 2005).

There are conflicting findings on whether IVCF should be
placed in patients with pelvic and acetabular fractures. In two
reports in 2005 and 2008, IVCF was placed prophylactically in
patients with pelvic and acetabular fractures with preoperative
DVT findings and both showed that the filter was safe and
effective in preventing PE (Karunakar et al., 2005; Toro et al.,
2008).

However, in a recent 2019 study showing a significant
increase in prophylactic IVCF insertion during the study
period, and the failure of increased prophylactic IVCF use to
reduce the incidence of PE or DVT in patients with pelvic and
acetabular fractures, it was ultimately concluded that the benefit
of prophylactic IVCF placement in this patient population is
unclear (Cohen-Levy et al., 2019).

It then becomes a question of whether or not the placement
of IVCF will cause pelvic and acetabular fractures in patients. In
the guidelines for the prevention of venous thromboembolism in
hospitalised patients with pelvic-acetabular trauma, published in
2020, a grading scheme has been devised to classify patients into
five categories. Among these, prophylactic IVCF is not
recommended for patients in Category 3: Critically ill patient
presenting to emergency department (strong recommendation,
moderate evidence). For Category 4: Patient with established
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DVT and planned for surgery placement of IVCF is
recommended (weak recommendation, very low evidence)
(Aggarwal et al., 2020).

In addition to this, the evidence-based recommendations
published in 2021 on the perioperative management of
acetabular and pelvic fractures also mention that IVCF cannot
be routinely applied prophylactically in patients with pelvic and
acetabular fractures, but can be considered in preoperative high-
risk groups (Yakkanti et al., 2021).

For patients with lower limb bone fractures, there are fewer
relevant studies available.

A 2016 study reported a 2.2% incidence of PE after femur
fracture (28/453), with 57.1% of these occurring within 24 h of
injury and 89.3% within 48 h of injury (Kim et al., 2016).

In a 1973 study (Fullen et al., 1973), researchers randomly
assigned patients diagnosed with traumatic fractures of the
proximal femur to either have an IVC filter inserted or no
filter inserted. The results showed a lower incidence of PE in
patients with a filter placed compared to those without (2%
vs. 20%).

In another 2016 report, a retrospective analysis of 2,763 cases
of patients with lower limb fractures or pelvic fractures
complicated by DVT showed that recyclable IVCF makes a
safe and effective approach to prevent PE in patients with
fractures complicated by DVT (Pan et al, 2016). In the
2021 report, IVCF was implanted in 964 patients with
fractures complicated by DVT. the final results also concluded
that the retrievable filter was effective in preventing PE in patients
with fractures complicated by DVT (Huang et al.,, 2021).

From the available studies the placement of IVCF has a
significant effect on the prevention of PE in patients with lower
limb bone fractures.

3.3 The role of IVCF in spine surgery

The incidence of VTE following spine surgery is poorly
defined, with reported rates from 0.3% to 31%, suggesting
substantial variability in the literature (Kepler et al., 2018). A
study in 2018 (Cloney et al., 2018) showed a higher incidence of
VTE in patients who underwent spinal fractures compared to
those who underwent other spinal procedures.

The difference in postoperative thrombosis prevention
strategies for spinal surgery compared to other orthopaedic
procedures is the focus on the occurrence of epidural

haematomas. Although epidural haematoma is a rare
complication the incidence is about 0.2%, epidural
haematomas can lead to serious neurological damage

(Glotzbecker et al., 1976). Therefore, thromboprophylaxis in

spinal surgery requires a balance between the various
approaches to thromboprophylaxis and the development of

epidural haematomas. Prior to starting treatment, the clinician
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must consider the appropriate dose, timing and alternatives
available to avoid unnecessary complications (Moorthy et al.,
2020).

Although some of the current studies have shown that well-
controlled anticoagulation is not associated with the risk of
spinal epidural haematoma (Awad et al., 2005), some studies
have shown that the use of therapeutic doses of heparin is
associated with a better risk of bleeding complications
(Glotzbecker et al., 1976). However, some studies have also
shown that the use of therapeutic doses of heparin results in a
better risk of bleeding complications in patients undergoing
spinal surgery. There are not enough studies to prove the safety
of postoperative chemoprophylaxis for spinal surgery. Some
orthopaedic surgeons have therefore chosen to place IVCF.

In a 2005 study (Leon et al., 2005), prophylactic placement of
IVCF in 74 spinal surgery patients at high risk of VTE showed
that despite the high incidence of postoperative DVT in these
spinal surgery patients (23/74), prophylactic placement of IVCF
did protect patients from developing PE. However, there was a
flaw in this study in that the experiment did not have a control

group.
In a 2012 report, a retrospective study of 219 patients who
underwent spinal reconstruction surgery with IVCF

placement showed that prophylactic placement of IVC
filters
related events, including PE, compared to group controls.

significantly reduced venous thromboembolism-
In this study, the incidence of VTE was also found to be
significantly higher in patients who received Greenfield
permanent filters than in those who received retrievable
filters (OR = 2.8, p = 0.008).. (McClendon et al., 1976).

In another retrospective study in 2012, in which IVCF was
prophylactically placed in 12 patients at high risk of VTE from
spinal surgery, a total of 10 patients were eventually retrieved,
two of whom had thrombotic entrapment at the time of retrieval.
No complications or PEs occurred at subsequent follow-up
(Dazley et al., 2012).

In a retrospective study in 2020 on the occurrence of VTE in
patients hospitalised after spinal surgery and after discharge, it
was shown that IVCF placement was associated with the
formation of DVT in hospitalised patients (OR
6.380 [3.414-11.924]) (Cloney et al., 2020). This phenomenon
has increased the risk associated with prophylactic placement of
IVCF in patients undergoing spinal surgery, making the
indications for IVCF placement more limited.

There is no consensus on a postoperative protocol for venous
thrombosis prophylaxis after spinal surgery (Alvarado et al.,
2020).
chemical

Recommendations

vary greatly
However, in the results of the above-mentioned studies on

regarding mechanical  versus

prophylaxis among institutions.
thromboprophylaxis in patients undergoing spinal surgery, the
benefits of prophylactic placement of IVCF in high-risk patients

were all shown to be favorable.
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3.4 Summary of IVCF applications in
orthopaedics

Most of the current literature and guidelines suggest that
primary prophylaxis with IVCF is not recommended for major
surgery in patients without known venous thromboembolism
(Falck-Ytter et al.,, 2012; Mismetti et al., 2015; Kaufman et al.,
2020).

This may be due to the problems associated with the
of IVCF, which affects the
haemodynamics within the IVC and has led to a higher

prolonged  placement

incidence of DVT in patients with filters than in those
without filters in some studies (Cloney et al., 2020). This and
the occurrence of some other complications of IVCF make the
risks of filter placement for the average patient undergoing
orthopaedic surgery higher relative to the benefits. So if the
filter is to be made more suitable for the general public, there are
two improvements.

1. Use retrievable filters as much as possible, retrieve them as
soon as possible after the patient is out of the danger period,
increase the retrieval rate of filters by active postoperative
follow-up and minimise the time they remain in the body.

filter to reduce the

2. Improve the structure of the

haemodynamic impact of the filter.

In patients at high risk of VTE undergoing orthopaedic
surgery, the prophylactic placement of IVCF has been shown
in several studies to protect patients and effectively reduce the
incidence of PE in patients undergoing all types of orthopaedic
surgery.

In summary, the opinion of this article is that IVCF
placement is recommended for patients at high risk of VTE
who wundergo orthopaedic surgery, while for non-VTE
orthopaedic patients there is no conclusive data to prove that
the benefits of IVCF placement outweigh the risks and it is not
recommended.

4 IVCF for the prevention of
complications of percutaneous
vertebroplasty

The function of the IVCF is to intercept foreign bodies in the
IVC, so sometimes IVCF will intercept something other than a
blood clot, such as bone cement.

Polymethyl methacrylate (PMMA), commonly known as
bone cement, is widely used for its biocompatibility,
malleability and physical properties to anchor prostheses
during joint replacement surgery (Vaishya et al, 2013) and
the

percutaneous vertebroplasty (PVP) (Laratta et al, 2017).

for treatment of compression fractures, such as

Although uncommon in procedures such as THA, leakage of
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PMMA into the circulation is frequently observed during and
after vertebroplasty, and PMMA ‘migration’ is the most
commonly reported complication of PVP (Yoo et al., 1976).

There are three main mechanisms that cause bone cement to
migrate into the venous system: (1) inadequate bone cement
polymerization at the time of injection; (2) incorrect needle
position; and (3) overfilling of the vertebral body (Baumann
et al,, 2006). Bone cement leaking outside the vertebral body may
reach the IVC along tiny veins, such as the anterior external
vertebral plexus, eventually leading to serious conditions such
as PE.

4.1 Case reports related to filter
interception of bone cement

By searching for the role of filters in orthopaedics, we found
seven interesting and rare reports of IVCFs intercepting bone
cement.

In the first case of IVCF interception of bone cement in 2006
(Herbstreit et al., 1976), a DVT in the femoral vein of the iliac
vein was detected during the preoperative examination and a
filter was implanted prior to surgery to prevent pulmonary
embolism. Post-operatively, it was found that the bone cement
from the procedure migrated into the venous blood stream and
was captured by the filter, but the surgeon judged that the filter
could not be removed conventionally, and the patient
subsequently had successful removal of the filter by open surgery.

In the 2009 case (Athreya et al., 2009), during vertebroplasty
of L4, the cement leaked into the IVC through the paravertebral
vein and it formed a worm-like cast, over which a filter was
subsequently placed. Radiographs taken 4 h after the procedure
showed that the bone cement had been captured by the filter and
that the patient had no corresponding symptoms of cement
embolism in the lungs. On the second day after the operation,
the surgeon used a Gooseneck snare to successfully capture the
embolus and withdraw it into the right common femoral vein,
where it was successfully removed by surgery. The patient
recovered successfully.

In a 2010 case (Agko et al,, 2010), after the discovery of bone
cement infiltration into the IVC, no attempt was made to remove
the bone cement fragment directly to avoid further damage to the
patient, but a Greenfield IVCF was placed over the fragment to
prevent embolization. The fragment was subsequently found to
be dislodged and captured by the IVCEF at follow-up. Initially, the
cement fragment was successfully captured by the trap device,
but due to the shape of the fragment itself, it could not be
retrieved through the sheath. The captured cement fragment was
eventually moved to the level of the right common femoral vein
and successful retrieval by surgical means.

In the 2015 case report (Edwards et al., 2015), the patient
developed DVT during his hospital stay after the first corrective
spinal repair. The surgeon placed an IVCF as a means of DVT
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prophylaxis prior to the second surgery. During the injection of
bone cement into the L4 vertebral body during the second
procedure, it was discovered that the bone cement had
entered the retroperitoneal vein and the injection was stopped.
Postoperative observations revealed no complications and the
patient recovered function. The filter was then removed
5 months after the operation using an endovascular approach,
but the operation was very difficult to perform and took 2 h.

Following the filter retrieval procedure, a CT scan of the
patient revealed bone cement in the inferior vena cava where the
filter had been placed, presumably during the injection of the
bone cement not only had it infiltrated into the paravertebral
vein, but some of the bone cement had also reached the IVC and
was captured by the filter making the retrieval of the filter
unusually difficult.

In a 2013 report (Li et al., 2013), a free thrombus was
found in the patient’s left femoral vein on preoperative
ultrasound and a filter was implanted prior to PVP to
prevent PE. The physician placed a permanent filter due to
the patient’s history of malignancy and, referring to the
2010 report (Agko et al., 2010), concluded that the IVCF
with intercepted bone cement could not be removed solely by
endovascular techniques and that surgical removal would
have been extremely risky for this patient and ultimately
did not consider removing the IVCF. There were no filter-
related complications during the follow-up period of
8 months. In this report, and for the only time to date, the
entire process of cement migration into the IVC and capture
in the filter was documented intraoperatively by Digital
Subtraction Angiography fluoroscopy. This evidence clearly
confirms the ability of the filter to trap bone cement and
prevent it from migrating into the pulmonary circulation and
causing serious damage (Supplementary Figure S3).

In a report from 2021 (Prater et al., 2021), The patient had a
retrievable filter placed 2 years ago but not retrieved due to a
previous history of DVT. The patient was recently treated with a
PVP. She presented several days after her procedure with pain
and redness of the skin over the access site. The doctor’s
examination revealed that opaque bone cement material was
visible along the entire length of the tiny vein extending from the
vertebral body to the adjacent inferior vena cava and was
intercepted by the filter (Supplementary Figure S4). At the
subsequent outpatient follow-up at approximately 2 weeks, the
patient reported that the skin changes had subsided, and the
patient eventually chose to forgo further intervention in favour of
observation.

In the 2022 case report (Han et al, 2022), an IVCF was
implanted prior to surgery to prevent PE because of isolated
distal DVT in the left calf vein revealed on preoperative
ultrasound. Post-operative examination revealed that the bone
cement had leaked into the IVC through the paravertebral vein
and had become entangled with the filter, making it impossible to
remove the filter by conventional means (Supplementary Figure
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S5). Because of the absence of other symptoms, the patient was
eventually discharged from the hospital and given close follow-
up and lifelong anticoagulation after discharge for the prevention
of secondary IVC and collodion filter thrombosis.

4.2 The role of filters in bone cement
migration

The anatomical basis for the migration of cement into the
IVClies in the fact that the lumbar veins enter the IVC below the
level of the L1-L5 vertebral body and have many connections
with the basal vein and segmental veins (Iwanaga et al., 2020)
(Supplementary Figure S6). This requires a more accurate
understanding of the anatomy of the lumbar veins at the time
of surgery in order to avoid bone cement leakage as much as
possible. The migration of bone cement observed in the case was
through the paravertebral vein into the IVC.

In all of the above cases (Supplementary Table S2), the filter
was inserted in the IVC prior to the PVP, except in the 2009 and
2010 cases where the filter was placed specifically to intercept the
bone cement after it had migrated into the IVC. What is common
to all of these cases is the increased difficulty in retrieving the
filter after it has intercepted the bone cement. Some doctors opt
out of recycling due to the difficulty of filter recycling. The above
cases suggest that in PVP routine pre-operative and post-
operative imaging and aggressive intra-operative X-ray
fluoroscopy may help in the early diagnosis and treatment of
cement leakage.

Because IVCF interception of leaking PMMA is uncommon,
there is no recognized optimal remedy, but the aforementioned
study demonstrates that IVCF works effectively to intercept
leaking bone cement. When a postoperative leak of bone
cement into the IVC is identified, if it cannot be removed
immediately, consideration may be given to placing a filter
over the bone cement and waiting for the debris to dislodge
from the IVC wall before finding a way to remove it. In theory,
the approach published in 2010 (Agko et al., 2010) is a good
alternative if the bone cement does not cling to the filter, but if the
bone cement is firmly linked to the filter and the filter itself is
permanent, there is no viable solution other than open surgery, as
reported in 2006 (Herbstreit et al., 1976).

In 2015 (Guo et al., 2015), it was found that IVCFs had a
preventive effect on hypotension and decreased oxygen
saturation during the development of cement implantation
syndrome in sheep, which were used as experimental subjects
to study whether IVCFs could prevent or stop cement
This the

possible role of IVCFs in high-risk patients undergoing

implantation  syndrome. finding demonstrates
cemented arthroplasty. However, the risk-benefit of IVCF in
preventing bone cement implantation syndrome is still unclear
and a decision needs to be made on a case-by-case basis at the

discretion of the physician.
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In 2018 (Isaak et al., 2018), an attempt was made to remove
bone cement leaking into the IVC through a “fishing net”
technique, which was pretested in a 3D-printed model
simulating the patient’s body and was ultimately successful in
removing the leaking bone cement from the patient’s IVC. This
provides a safe and feasible solution for the removal of bone
cement leaking into the IVC (Supplementary Figure S7).

In conclusion, although the interception of leaking bone
cement by IVCF is a low probability practice, bone cement
leakage is the most common complication of PVP, and it is
theoretically unlikely that prophylactic implantation of IVCFs
will be used in the future to prevent the serious consequences of
bone cement leakage into the IVC because of the difficulty of
recycling the filters that intercept the bone cement and the high
cost of the filters the
interception of bone cement by the IVCF in the above case

themselves. However, successful
may provide an idea for the prevention of serious consequences
of bone cement leaks into the IVC in the future. Is it possible to
design a device that is simpler and cheaper, that only needs to
have an interception function for a few hours and does not need
to be stable in the body for a long time, and that can be recycled

together with the leaking bone cement?

5 Current status of IVCFs

Initially, IVCFs were mainly made of stainless steel, but due
to their mechanical strength, biocompatibility, thermal shape
memorability and unsuitability for nuclear magnetic
examination, most IVCFs used in clinical practice are now
made of nickel-titanium alloy, which is widely used due to its
good shape memory effect, superelasticity, corrosion resistance
and biocompatibility (Prince et al., 1988). Inferior vena cava
filters come in a variety of structures that differ in their capacity
to prevent thromboembolism, their effect on haemodynamics,
their capacity to maintain stability in the vasculature, and their
imaging profile. The inferior vena cava filter is compressed into a
delivery sheath at the time of fabrication and can be placed from
the femoral, internal jugular, subclavian or anterior elbow veins,
releasing the filter upon arrival at the designated location, which
is usually the IVC below the lower edge of the renal vein opening
(Caplin et al., 2011). The implantation of the filter intercepts the
thrombus and effectively reduces the incidence of pulmonary

embolism.

5.1 Classification of IVCFs

There is a wide range of inferior vena cava filters available,
which vary in shape, material and design, and these
characteristics have a direct impact on their use in clinical
practice. Due to the many characteristics of filters, there are
various ways of classifying them, but below, we classify them
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according to whether they can be recycled after being placed in
the clinic and how they can be recycled. These classifications are
permanent filters, recyclable filters and temporary filters.

Permanent filters were first employed in clinical practice, and
they cannot be removed until the vena cava is surgically incised,
and therefore, they remain in the IVC for a long time as a foreign
body. A series of linked issues (filter tilt, displacement, fracture,
etc.) have occurred as a result of its long-term installation in the
body. Some patients who require long-term filter implantation
but do not have the necessary health conditions for a filter
retrieval surgery will still use this type of filter, but this filter
is currently less commonly used clinically. Representative
products of this type of filter are the Mobin-Uddin umbrella
filter (Dupont, 1976), Greenfield filter (Kanter and Moser, 1988),
Bird’s Nest filter (Roehm, 1984), Vena Tech LGM filter (Crochet
et al.,, 1993), Vena Tech LP filter (Ahmed et al., 2016), Simon
nitinol filter (Poletti et al., 1998) and TrapEase filter (Liu et al.,
2005).

The temporary filter is designed for short-term implantation
and is released in the body with a rod at the closing end leading to
the body surface, at the end of which an anti-dislodgement
protection device is attached to prevent dislodgement and
placement under the skin. The temporary filter has a
connecting rod at the end that extends to the surface of the
body to keep it stable in the body. There is therefore no barb
fixation on the filter arm. Therefore, there is very little endothelial
dilation of the vessel wall by the temporary filter, the filter is safer
during recycling, the retrieval rate of the filter is high and no
special instrumentation is required for recycling. Representative
products of this type of filter are Tempofilter (Bovyn et al., 1997)
and Angel Catheter (Tapson et al.,, 2017).

Retrievable filters usually have a fixed barb in contact with
the vessel to maintain the normal position of the filter in the body
and a retrieval hook at the retrieval end, which can be removed
from the vena cava by a catheter technique, reducing the risk of
infection without the need for an external device. It is the most
widely used IVCF because it does not need to be removed within
a specific period of time and can be retained for a long time if
needed. Representative products of this type of filter are the
Ginther Tulip filter (Hoppe et al., 2006), Denali vena cava filter
(Hahn, 2015), OptEase filter (Kalva et al., 2011) Celect filter (De
Oliveira Leite et al., 2020), ALN filter (Pellerin et al., 2008) and
Crux Vena Cava Filter (Murphy et al., 2009).

5.2 Recycling of IVCFs

The filters
percutaneous puncture and retrieval using a retrieval device.
This step is technically demanding, and the filter will be more
difficult to remove when it is tilted and in contact with the wall.
Endothelial coverage is also one of the factors affecting the
retrieval success rate of retrievable filters. Endothelial fixation

removal of retrievable requires a new
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of the IVCF frame in contact with the vessel wall is usually
completed 2 weeks after filter insertion, which maintains the
stability of the filter in the body but increases the difficulty of
retrieving it and the probability of retrieval complications.

When endothelialization is too high, forcing removal can
break the vessel, and it can only be kept in the body as a
permanent sort of filter. With longer filter retention times, the
likelihood of filter-related complications, such as filter tilt, IVC
perforation, filter fracture, filter displacement, inferior vena cava
thrombotic obstruction, and recurrent DVT or PE, also increases.

There have been many statistical reports on vena cava filter
retrieval rates in recent years (Marquess et al.,, 2008; Minocha
et al.,, 2010; Iliescu and Haskal, 2012; Kalina et al., 2012; Al-
Hakim et al., 2014; Sutphin et al., 2015; Inagaki et al., 2016), but
most studies have had small sample sizes and extremely variable
filter retrieval rates (8%-95%), which may be due to small sample
sizes, differences in physician skill levels, and the adequacy of
hospital return systems. Nonetheless, it is clear from these studies
that IVCEF retrieval rates can be significantly improved through
more aggressive post-operative visits and the use of more
advanced filter retrieval techniques.

5.3 Common complications after filter
implantation

There are several complications associated with filter
implantation, such as filter tilt, filter displacement, inferior
filter
thromboembolism, and incomplete expansion of the filter. Of

vena cava perforation, fracture, recurrent
these, filter tilt seems to have the least impact, but the occurrence
of filter tilt greatly increases the likelihood of other complications
or is a precomplication of other complications (except for

incomplete filter expansion).

5.3.1 Filter tilt

Filter tilt is diagnosed when the angle between the central axis
of the filter and the longitudinal axis of the IVC exceeds 15°.
According to a review of the literature (Singer and Wang, 2011),
the tilt of the filter was greater than 5° in approximately 33% of
instances, and severe tilt (>15°-20°) occurred in approximately
3%-9% of cases. When the filter is excessively tilted (>15°), the
efficacy of thrombus filtration is lowered, and in vitro
investigations have shown that slanted filters have a lower
filtration capacity for smaller thrombi (Giinther et al., 2005).
Furthermore, when the tilt of the filter is increased, the thrombus
trapped at the filter tip promotes the production of in situ
thrombi in the vena cava wall (Singer and Wang, 2011).
(Supplementary Figure S8).

5.3.2 Filter displacement

Filter displacement is described as the filter being more than
10 mm away from the intended point, which is a dangerous
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complication. When the filter is placed too close to the renal vein,
the risk of renal vein embolism or possibly renal failure increases
(Janvier et al., 2010). Filter migration to the heart and lungs,
which can lead to serious consequences, has also been reported in
the past (Gelbfish and Ascer, 1991; Stosslein and Altmann, 1998).
Incorrect size selection at the time of placement is one of the
reasons for filter migration. (Supplementary Figure S9).

5.3.3 Inferior vena cava perforation

Vena cava perforation is defined when the filter penetrates
the vena cava into structures surrounding the IVC wall, such as
the aorta, psoas major, duodenum, and kidney. By more than
3 mm (Supplementary Figure S10). IVC perforation is linked to
the filter’s longer retention and tilting, with the angle between the
barbs on the strainer arm and the vessel wall becoming sharper as
the angle between the hook and the vessel wall grows, which
could raise the chance of perforation.

5.3.4 Filter fracture

Filter fracture refers to the loss of structural integrity caused
by filter shattering (Supplementary Figure SI1).

Filter fracture, according to Xin Li et al. (Li et al., 2020), is
caused by the IVC’s rhythmic expansion and contraction during
the cardiac cycle, subjecting the IVC filter to repetitive
mechanical pressure. This mechanical stress eventually leads
to wear and subsequent fracture of the cartridge joints. The
fragments move with the circulatory system and may damage
vital organs.

5.3.5 Recurrent thromboembolism

Most of the current research on the causes of recurrent
thromboembolism suggests that it is due to the adverse
haemodynamic effects of the filter on the body after the
interception of the thrombus by the IVCF, which slows the
blood flow and increases the probability of thrombosis.
Computational models suggest that filters may lead to
stagnation and turbulence in downstream blood flow after
the
probability of thrombosis (Leask et al., 2004) (Supplementary
Figure S12).

thrombus capture, with a significant increase in

5.3.6 Incomplete filter expansion

Incomplete deployment of the filter is usually caused by the
structure of the filter itself or by the practitioner’s operational
error (Supplementary Figure S13). Early filters, such as
Greenfield, were used in a small clinical study in which a
large gap was found between poorly distributed filter legs in
17 of the 24 filters placed (Sweeney and Van Aman, 1993). When
the filter is not fully deployed, it not only has a reduced ability to
intercept the thrombus but also has a reduced radial support,
which can result in filter displacement or even IVC perforation
(Shimoo and Koide, 2020). This problem has been significantly
reduced with improvements in filter construction design and
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materials, with recent studies showing a low rate of incomplete
opening in the range of 0.4-0.5% (Li et al., 2020).

6 ldeal IVCF

The various vena cava filters currently available are effective
in intercepting blood clots to prevent pulmonary embolism, but
complications can still occur after implantation. That is why the
search for the ideal filter is ongoing. Depending on the role the
filter should play and the needs in use, the ideal IVCF should
have the following characteristics:

1. High filtering capacity for blood clots in PE prevention

2. Excellent biocompatibility with minimal haemodynamic
effects for prevention of recurrent thromboembolism

3. Nonprocoagulant and nonelectrolytic corrosion capability

4. Strong radial support to prevent tilting and shifting

5. Excellent elasticity and compression qualities, allowing
recovery of proper dimensions after release in the IVC

6. High mechanical stability, reducing the possibility of filter
breakage

7. Ability to decrease vena cava endothelial damage and the
occurrence of vena cava perforation

8. Insensitivity to thrombolytic drugs, such as urokinase
heparin

9. Nonmagnetic materials that do not interfere with
examinations such as MRI

10. Clear visualization under imaging release localization and

postoperative review

7 Biodegradable IVCF

In recent years, IVCF has been used on a large scale in
clinical practice to prevent PE, but there has been a growing
interest in the series of problems associated with complications
of filter implantation while preventing PE. Data from an article
published by the British Society of Interventional Radiology in
2013 showed that 73% of patients with an IVCF implanted had
a retrievable IVCF, with 78% of these patients undergoing an
attempt to retrieve the filter and 83% experiencing successful
removal, with a significantly lower retrieval rate for filters
implanted >9 weeks (Uberoi et al., 2013). As the retention
time of the filter in the body increases, the probability of
complications during filter retrieval also increases (Grewal
et al., 2016). For elderly patients and those with coexisting
conditions, the filter retrieval rate is significantly lower
(Geisbiisch et al., 2012). It can also be complicated by filter
breakage and IVC injuries, such as bleeding and entrapment
during filter retrieval (Grewal et al., 2016). Biodegradable
IVCFs the body,
complications during retrieval and in long-term filter retention.

degrade spontaneously in avoiding
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Biodegradable IVCFs are IVCFs made from biodegradable
materials, also known as bioresorbable IVCFs. They can
gradually degrade in the body according to a predetermined
pattern after passing through the PE risk period, eliminating the
need for secondary surgery for removal, reducing the physical
burden of patients, and compensating for the occurrence of a
series of complications (tilt, displacement, fracture, perforation,
and so on) caused by existing filters that cannot be retrieved.

Biodegradable materials are frequently employed in medical
sutures, drug release carriers, tissue engineering, and other
surgery,
cardiovascular surgery, and plastic surgery (Spitalny, 2006).

sectors, such as orthopaedics, maxillofacial
Yin et al. (2022) used 3D printing technology to investigate
the phased degradation of poly-l-actide (PLLA) vascular scaffolds
in mice, as well as the alteration of vascular endothelial cells
during scaffold degradation, to elucidate the long-term effects of
poly-l-actide vascular scaffolds (PLSs) on vascular repair and to
demonstrate the potential of PLSs in promoting endothelial
function and positive remodelling. Currently, LP Medical’s
NeoVas stent (Han et al, 2018) has received State Drug
Administration permission for marketing and is believed to
have ushered in a new era of coronary intervention. In the
field of biliary stents, several types of biliary biodegradable
stents have been developed, and some are already in clinical
use (Song et al., 2022).

The above examples indicate the excellent potential of
biodegradable materials in the medical field, which is
progressively becoming a reality.

However, no therapeutic biodegradable IVCFs are currently
available. Because of its potential for great performance, the
biodegradable vena cava filter has been a prominent focus of
research in China and internationally.

7.1 Classification of biodegradable IVCFs

According to a review of the literature on biodegradable
IVCFs, there are two types of biodegradable filters explored by
researchers: completely biodegradable filters and partially
biodegradable filters. Completely degradable filters are made
of degradable materials and can be completely degraded after
reaching an expected time point; partially degradable filters are
usually made of a combination of degradable filters and
nondegradable metal stents, and the filter is completely
degraded after reaching an expected time point, while the
remaining part becomes a stent to support the inferior vena
cava; partially degradable filters are also called autodeformable
IVCFs or convertible IVCFs.

7.1.1 Partially biodegradable filter

Thors, Gao and Novate Medical Ltd. All use metal and
biodegradable materials to create partially biodegradable
filters. The common feature of these filters is that when the
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filter is first implanted, the filter itself remains intact using a filter
mesh to intercept the thrombus, but as the biodegradable
material degrades in the body, the filter transforms, and the
mesh structure disappears into a vascular stent in the inferior
vena cava.

Thors and Muck (2011), Gao et al. (2011) have progressed to
the animal stage but have had problems with severe endothelial
hyperplasia and filter displacement, respectively, and both have
yet to clarify the process of degradation of material fragments,
their destination, and their effect on the organism.

The Sentry Bioconvertible Inferior Vena Cava Filter from
Novate Medical Ltd. Was tested in animal trials in May 2018
(Gaines et al., 2018), and its performance was validated
against the OptEase filter. In a l-year analysis of the
prospective multicentre SENTRY clinical trial published in
August 2018 (Dake et al., 2018), it was shown that by month
12 post-implantation, morphological
completed in 96.4% (106/110) of the filters, and no
symptomatic pulmonary embolism was demonstrated at
12 months. In the November 2019 article (Dake et al.,
2018), that 96.5% (82/85) of filters
successfully converted morphologically at 24 months in the

conversion was

it was shown
second year of follow-up, and there was no evidence of late
inferior vena cava obstruction or thrombosis following filter
conversion at 24 months of follow-up, nor was there evidence
of a correlation between filter morphology conversion and
thrombosis. In 2020 (Dake et al., 2020), the Sentry
Bioconvertible Inferior Vena Cava Filter was clinically
implanted in an 85-year-old female patient who did not
of
implantation, and no subsequent adverse events were

experience any adverse events within 3 weeks

reported in this patient, making the Sentry filter the first

bioconvertible filter to be approved (Supplementary
Figure S14).

After the filter cone has entirely dissolved, the
semidegradable filter takes on the appearance of a vascular
stent. Although not completely degraded in vivo, the

remaining stent structure has minimal haemodynamic impact
and reduces the incidence of recurrent thromboembolism. It also
and the
undegraded component can be used as a vascular stent to

lowers the risk of recurrent thromboembolism,

maintain vascular morphology, avoiding subsequent surgery
and lowering the risk of problems associated with filter
implantation.

7.1.2 Fully biodegradable filter

Zhang, Yang and Eggers have each produced fully
biodegradable filters using various biodegradable materials,
which are characterized by the fact that the filters degrade in
the body over a predicted period of time, ultimately leaving no
residual material in the body.

Zhang’s study (Zhang et al, 2017) has progressed to the
animal testing phase, with in vivo experiments in beagles. The

Frontiers in Bioengineering and Biotechnology

1

10.3389/fbice.2022.1045220

results showed that all filters were mildly displaced, in one case to
the right atrium, and that there was an inflammatory reaction in
all inferior vena cava (Supplementary Figure S15).

Yang’s study (Yang et al., 2019), which only progressed as far
as in vitro simulations, confirmed that the filter degraded
progressively more rapidly in the cone than in the stent and
that the average in vitro thrombus capture efficiency of 90% was
comparable to that of a conventional descending vein filter. This
finding demonstrates the clinical potential of this filter, but the
efficacy of this filter in vivo is not yet known, as animal studies
have not yet been performed, and further studies are needed to
investigate the degradation in vivo.

Eggers screened Poly (p-dioxanone) (PPDO) as a candidate
material for a degradable descending interface filter in 2012
(Eggers and Reitman, 2012). The thrombus interception
ability of the filter was initially validated in pigs in 2015
(Eggers et al, 2015) and further validated by in vitro
simulations in 2016 (Dria and Eggers, 2016). The results
suggest that the absorbable filters are likely to be comparable
in efficacy to Greenfield filters. In 2017 (Huang et al., 2017), the
safety of the absorbable inferior vena cava filter was again
demonstrated in pigs, and in 2019 (Eggers et al., 2019) the
filter was compared with the Cook Celect inferior vena cava filter,
which demonstrated a good safety profile, particularly with
regard to vena cava perforation, as all control metal filters
showed perforation. For the first time in 2020 (Elizondo et al.,
2020), biodegradable vena cava filters made of PPDO were placed
prospectively in eight patients at high risk of lower limb deep vein
thrombosis. In this trial, all filters were successfully implanted
and intercepted the thrombus with a success rate of 100%, and no
pulmonary embolism or filter-related complications occurred.

The above summary shows that the current research on fully
degradable filters is based on the use of organic polymers for
production, and the production process is mostly based on the
use of weaving methods. However, research progress has varied
from in vitro validation in a simulated environment to animal
testing, with Eggers’ research being the most advanced and rapid
to date, having progressed to the stage of prospective
implantation of filters in humans.

The most serious problem that has arisen thus far in these
experiments is the inadequate mechanical properties of some of
the filters to maintain radial support in the body, which has led to
the displacement of the filters in several experiments. This issue
will have a direct impact on the safety of the filter, causing a
major safety hazard, and is the largest obstacle on the current
path of research into fully degradable filters.

The reason for this phenomenon may be, on the one hand,
that the filter itself does not have sufficient mechanical properties
to maintain sufficient radial support in the IVC or, on the other
hand, that the actual size of the filter is less than the theoretical
value due to compression by the compression sheath, and it does
not return to its proper size when it is released in the IVC.
Consideration can be given to increasing the radial support force
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directly by changing the structure of the filter so that the filter is
fixed in position in the IVC, by directly increasing the mechanical
properties of the filter itself by changing the material from which
the filter is made, or by increasing the memory and elasticity of
the filter so that the filter can return to its proper size after release.
In addition, the use of biodegradable polymers has the
unavoidable problem of significantly reducing their ability to
develop under radiation compared to metal filters. To solve this
problem, the use of biodegradable metallic materials can be
considered, or the composition of the material can be changed
to increase the developing power of biodegradable polymers.

7.2 Increase the imaging capability

There have been numerous attempts by scholars to address
the abovementioned situation where fully degradable materials
do not develop well under X-ray through various methods. The
development of organic polymer compounds with enhanced
the
biodegradable scaffolds in tissue engineering. The main

imaging capabilities may further expand use of
methods currently available are the blending of 2,3,5-
trilodobenzoic acid (TIBA) (Singhana et al., 2015; Zhao et al,,
2020), gold nanoparticles (AuNPs) (Tian et al., 2017; Tian et al.,
2018; Huang et al,, 2020) or bismuth nanoparticles (BiNPs)
(Perez et al, 2021; Damasco et al, 2022) into PPDO to
increase its imaging capacity.

Completely biodegradable IVCFs degrade completely after
functioning and have less impact on the human body than
partially biodegradable filters because they leave no residual
material in the body and have a lower probability of related
complications, but at the same time, they place higher demands
on the overall degradation time, degradation rate, control of the
degradation method and the manufacturing process.

The available studies on biodegradable filters have shown good
thrombus interception and good thrombus capture in vitro and
animal studies. However, displacement of the filters, which was
reported in several papers (Gao et al,, 2011; Zhang et al,, 2017), is
noteworthy and may be due to the inferior nature of the organic
polymer materials used in these filters in terms of mechanical
strength, radial support and the degree of recovery from
deformation after release compared to metallic materials. Most of
the above studies have not studied the specific degradation time,
degradation process, and degradation products and their destination
and effects on the body, and the formation process, size, destination
and effects of the degradation products may become a constraint to
the biodegradable filter in the clinic.

7.3 Biodegradable metal material

The most common materials for making biodegradable vena
cava filters are organic polymers, such as polycaprolactone,
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PLLA, and PPDO. When compared to metallic materials, the
radial force and mechanical strength of these organic polymer
compounds, as well as their ability to recover from deformation
after release, are weak; most of them cannot be fully expanded by
the balloon and require additional energy, which is potentially
dangerous for the vessel wall. Currently, biodegradable metals
have demonstrated good performance in the health care field,
with a variety of cardiovascular stents made from biodegradable
metals emerging, demonstrating the good biocompatibility of
biodegradable metals in vasculature (Bowen et al., 2016; Debieux
et al,, 2016; Shreenivas and Kereiakes, 2018), and biodegradable
metals show significant promise in the direction of making
biodegradable vena cava filters. Over the last few decades,
biodegradable metals (BMs) as temporary implants have
generated much scholarly interest in research.

BMs are metals expected to corrode gradually in vivo, with an
appropriate host response elicited by the released corrosion
products, which can pass through or be metabolized or
assimilated by cells and/or tissue and then dissolve completely
upon fulfilling the mission to assist with tissue healing with no
implant residues (Liu et al.,, 2019). This is also known as an
absorbable metal material.

In contrast to conventional metallic biomaterials, BMs
consist mainly of essential metallic elements that are present
in trace amounts in the human body. To date, there are three
main BM systems that have been extensively studied, namely,
Mg-based BM, Fe-based BM and Zn-based BM. For decades,
Mg-based and Fe-based metals and zinc alloys have been a
popular topic of research in the field of BMs (Yuan et al,
2022).

Although Fe-based BMs have excellent biocompatibility,
corrosion resistance and mechanical properties, Fe-based
alloys undergo degradation in vivo rather slowly without
systemic iron toxicity, so implants can persist in vivo for a
long time (Kraus et al, 2014). However, the corrosion
products of Fe are stable in the organism and accumulate
over time in the body, compromising the integrity of the
vessel wall and causing damage to it, making this metal
unavailable for the fabrication of absorbable implants that
require a large volume or cross-sectional thickness (Peuster
et al., 2006; Zhang et al.,, 2010; Pierson et al., 2012).

Existing BM research on zinc-based alloys, magnesium-
based has
potentially outstanding qualities as material choices for

alloys, and zinc-magnesium alloys revealed

biodegradable vena cava filters.

8 Summary

This article reviews the use of IVCFs in orthopaedics, the
current status of filters and the progress of research into
biodegradable vena cava filters and suggests possible future
developments based on the published literature. With the
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long-term use of IVCFs, the associated difficulties are
receiving increasing attention, and IVCF perfection is
increasingly desired. Although there are still certain issues
with current biodegradable filters, their ability to gradually
dissolve and absorb in the body without the need for further
surgery, as well as their ability to reduce the occurrence of
numerous complications, will continue to be of concern to
people. It is believed that with further development and
biodegradable  filter
improvements in the manufacturing process and design

perfection  of  the through

concept, it will eventually be suitable for clinical use and
may even be further developed into a drug-eluting
biodegradable IVCF in the future, which will have
increasingly broad application prospects.
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