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Abstract: Background: Inferior vena cava (IVC) filters serve as a vital intervention when systemic
anticoagulation proves ineffective or contraindicated, particularly in the context of cancer patients.
This study aimed to provide real-world insights into the outcomes of cancer patients following
IVC filter placement. Patients and methods: Cancer patients with IVC filters were retrospectively
reviewed. The indications and survival outcomes following IVC filter insertion have been reported.
Results: A total of 176 cancer patients with IVC filters were included in the study. The median patient
age was 56 years (range: 18-88 years). Solid tumors were the most common primary cancers (n = 125,
71.0%), and the majority (n =99, 79.2%) had the advanced-stage disease at the time of IVC insertion.
The filters were inserted because of contraindications to anticoagulation (n = 99, 56.3%) or the failure
of anticoagulation (n = 56, 31.8%). The median survival (range) following filter placement was only 2
(1.45-2.55) months for patients with advanced-stage solid tumors, 5 (0.62-9.38) months for patients
with brain tumors, and 44 (8.59-79.41) months for those with early-stage solid tumors, p < 0.001.
Conclusions: Our findings suggest that IVC filter placement offers limited benefits to patients with
advanced-stage disease. The underlying tumor, stage, and life expectancy are crucial factors in the
decision-making process before IVC filter insertion.
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1. Introduction

Venous thromboembolism (VTE), which includes both deep vein thrombosis (DVT)
and pulmonary embolism (PE), is frequently encountered in cancer patients. The odds
of developing VTE in cancer patients are more than six times higher than those in the
general population [1]. Additionally, active cancer accounts for nearly 20% of all VTE
cases in the community [2]. The risk is considerably higher in certain types of cancers,
such as malignant brain tumors and mucinous-secreting adenocarcinomas like ovarian,
pancreatic, and gastric cancers [3]. Cancer patients receiving anticancer therapy, including
chemotherapy, targeted therapy, immunotherapy, and endocrine therapy, are at a higher
risk, especially during the first few months after cancer diagnosis [4,5]. Comorbidities,
especially in older cancer patients, also add to this risk. Pressure exerted by the tumor
on vascular structures and endothelial injury is frequently encountered in cancer patients.
Cancer surgery and poor ambulation during the postoperative period can be serious risk
factors for VTE when systemic anticoagulation is hazardous or contraindicated [6].
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Venous thromboembolism can be complicated by sudden death due to pulmonary
embolism and is considered a leading cause of death in patients [7,8]. Additionally, VTE can
lead to long-term complications that may impair the quality of life (QOL) of cancer patients.
Such complications may include pulmonary hypertension and chronic venous insulfficiency
(post-thrombotic syndrome) [9]. Additionally, treatment of VTE with anticoagulants may
preclude diagnostic or therapeutic procedures that patients with cancer may need [10].
Thus, VTE may lead to significant delays in anticancer therapy and further increase the
escalating costs of cancer therapy.

VTE is usually treated with anticoagulants; however, certain clinical scenarios, such
as active bleeding or a high risk of bleeding, may prohibit anticoagulant use [11,12]. Even
with adequate anticoagulation, the risk of recurrent VTE is significantly higher in cancer
patients compared to those without [13]. This led to the development of the inferior vena
cava (IVC) filter, an implantable device designed to intercept a thrombus that has broken
free from the lower extremities or pelvis veins to prevent pulmonary embolism (PE). First
conceived by Trousseau in 1868 [14], the IVC filter was developed in the 1960s to quickly
replace the old surgical techniques for mechanical PE prevention, such as IVC surgical
ligation or interruption [15,16]. Currently, IVC filter use has markedly increased to reach
levels that many clinicians deem controversial [17-19], especially considering that the
absolute indications for IVC filters have not expanded beyond adults with confirmed acute
PE or proximal DVT with contraindications to anticoagulation, active bleeding, or a high
risk of bleeding (Class I, level B evidence) [20]. Moreover, while IVC filters decrease the
recurrent PE rate, reviews and meta-analyses do not show any mortality benefits [17,21].
Additionally, IVC filter placement is not without complications, including bleeding, in-
fection, contrast-related toxicities, malpositioning, guidewire entrapments, acute venous
thrombosis, hematoma, or arteriovenous fistula formation [22-24]. Furthermore, there are
long-term complications, such as filter erosion/migration or embolization and chronic
thrombosis/recurrent thromboembolism [22-24]. Recent technological developments, such
as retrievable filters for temporary insertion, are gaining attention because they may miti-
gate some complications [25-27].

All IVC filter-related concerns and the surprising lack of strong evidence in the lit-
erature make the use of IVC filters challenging and their value debatable, especially in
cancer patients [28]. In this paper, we present the outcomes of IVC filter insertion in cancer
patients, particularly in those with advanced-stage disease.

2. Methods

This retrospective study was conducted at the King Hussein Cancer Center (KHCC)
in Amman, Jordan. This study was approved by the Institutional Review Board (IRB)
of KHCC (approval number: 20-KHCC-136). Patients aged 18 years or older with a
pathologically confirmed malignancy and IVC filter placed at our center were deemed
eligible for this study.

Electronic medical records and radiology databases were reviewed from 2006 to 2021
for all patients discharged with an IVC filter. Clinical data for the patients were collected
using case report forms. The following variables were collected for each patient: age at the
time of IVC filter insertion; age at cancer diagnosis; site and stage of malignancy; type of
anticancer therapy used during the six weeks before IVC filter insertion, including surgical
intervention, chemotherapy, and radiation therapy; site of VTE; indication for IVC filter
insertion; date of IVC filter insertion; date of death; and date of the last follow-up. The
patients were stratified into four groups based on the primary tumor stage: early-stage
solid tumors, advanced-stage solid tumors, hematological malignancies, and brain tumors.
Advanced-stage cancer was defined as a metastatic spread (stage IV), other than bone-only
disease. The procedure was performed by one of our interventional radiologists using
the jugular or femoral approach in a microaccess system. Before filter insertion, an IVC
venogram was performed to evaluate the anatomy and diameter of the IVC and to exclude
the existence or extension of the thrombus in the IVC. Various types of filters were used,
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including the OptionTM ELITE retrievable filter (Argon Medical Devices, Plano, TX, USA),
Celect™ Platinum filter (Cook Medical, Bloomington, IN, USA), and ALN filter (Macromed,
Lancashire, UK). Retrievable IVC filters are a newer generation of filters that can be removed
(retrieved) when the risk of a blood clot embolizing the lungs subsides significantly or
when anticoagulants are safe to use. Permanent filters, on the other hand, are placed to
stay and cannot be retrieved. Permanent filters are usually used for patients with short
anticipated survival or those with long-lasting contraindications for anticoagulation. IVC
retrieval helps reduce lower extremity swelling and potential recurrent DVT. However,
patients with retrievable filters have a higher risk of developing complications than those
with permanent filters. Filter migration, vena cava perforation, and filter fracture are
significantly more common with retrievable filters than with permanent ones [29].

Medical records were also reviewed for immediate and delayed complications related
to IVC filter insertion, including bleeding, hematoma, filter migration, lower-limb edema,
and DVT.

Survival analysis was performed using the Kaplan-Meier method in SPSS Inc. (version
16.0; Harvard University, Cambridge, MA, USA). The primary outcome of this study was
patient survival after the IVC filter insertion. Survival time was defined as the time between
IVC filter insertion and the occurrence of death and was calculated in months. Descriptive
statistics were interpreted as medians, interquartile ranges (IQRs), and percentages. The
Shapiro-Wilk test was used to check if the continuous variable followed a normal distribu-
tion of continuous data. Survival comparisons were carried out using the log-rank test and
were compared based on the type and stage of the tumor.

3. Results

During the study period, 176 cancer patients treated and followed up at our institution
had IVC filters inserted. The median age (IQR) was 56 (47-65) years, and 86 (48.9%)
patients were males. The most common primary cancers were solid tumors (n = 125, 71.0%),
brain tumors (n = 28, 15.9%), and hematological malignancies (n = 23, 13.1%). Breast,
colorectal, lung, bladder, and pancreatic cancers were the most common solid tumors
encountered. At the time of IVC insertion, most patients with solid tumors (n = 99, 79.2%)
had advanced-stage disease. Both hematological malignancies and brain tumors were
classified as “unstageable” (Table 1).

Table 1. Patient Characteristics.

Clinical Characteristics Number of Patients Percentage
Median age (IQR), years 56 (47-65)

Gender

Male 86 489
Female 90 51.1
Primary Cancer

Brain 28 15.9
Breast 16 9.1
Colorectal 14 79
Lung 13 74
Bladder 11 6.3
Leukemia 11 6.3
Lymphoma 10 5.7

Pancreatic 10 5.7
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Table 1. Cont.

Clinical Characteristics Number of Patients Percentage
Sarcoma 8 45
Prostate 5 2.8
Ovarian 5 2.8
Stage of cancer at the time of IVC insertion

Early stage 25 14.2
Metastatic 99 56.3
Unstageable (hematological) 24 13.6
Unstageable (brain) 28 159
Type of anticancer therapy during the 6 weeks

before IVC filter

Chemotherapy/Immunotherapy 70 39.8
Major surgery 14 7.9
Radiotherapy 10 5.7
Palliative care 41 23.3
Other 36 20.5
Site of VTE

PE 44 25
Lower extremity DVT 81 46
DVT and PE 41 23.3
Indication for filter insertion

Contraindication for anti-coagulation 99 56.3
Recurrent VTE while on anticoagulation 56 31.8

IQR, interquartile range; IVC, inferior vena cava; DVT, deep vein thrombosis; PE, pulmonary embolism.

During the 6 weeks before IVC filter placement, 70 (39.8%) patients were on active
chemotherapy, 14 (7.9%) had major cancer-related surgery, and 41 (23.3%) were on hospice
and palliative care services. Before IVC filter placement, 122 (69.3%) patients had DVT, with
or without PE, whereas 41 (23.3%) had isolated PE. Contraindication to anticoagulation
was the main indication for filter placement (n = 99, 56.3%) and was mostly related to
active bleeding or a high risk of bleeding, while 56 (31.8%) patients had their filters inserted
due to anticoagulation failure, which manifested as recurrent thromboembolic episodes
despite adequate anticoagulation. Following IVC filter placement, 83 patients (47.2%)
were anticoagulated using unfractionated heparin (UFH) or low-molecular-weight heparin
(LMWH). IVC filter insertion was complicated by filter thrombosis (n = 3, 1.7%) and
recurrent thrombosis in 19 (10.8%) patients.

The median survival (range) following filter placement was only two months (1.45-2.55)
for patients with advanced-stage solid tumors, five months (0.62-9.38) for patients with
brain tumors, and 44 months (8.59-79.41) for those with early-stage solid tumors (p < 0.001)
(Figure 1). Filters were retrieved from only eight (4.5%) patients. At the end of the follow-up
period, 131 deaths were reported, and 45 patients were still alive.
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Figure 1. Survival curves post-IVC filter insertion (months). Overall survival of patients following
IVC filter insertion according to tumor type and stage. Overall survival was the lowest in patients
with advanced-stage disease.

4. Discussion

In our study, although most IVC filters were appropriately indicated, the survival
following filter placement was poor. In patients with advanced-stage solid tumors, the
median survival time is only 2 months. Additionally, the median survival was between 5
and 44 months for patients with brain and early stage tumors, respectively. These numbers
are similar to those of a previously published study by our group. This study showed a very
limited value of the IVC filters in patients with advanced-stage disease. Among 59 patients
with stage IV disease for whom survival data were available, the median survival was only
1.31 (0.92-2.20) months. Notably, 23 patients (39.0%) survived for less than a month, and 40
(67.8%) survived for less than 3 months [30]. Similar conclusions were reached in a study
from the University of Pennsylvania, which showed poor survival rates of 68.8% at 30 days,
49.4% at 3 months, and 26.8% at 1 year in patients with all cancer stages [31]. Stratifying
patients by cancer stage revealed that the 1-year survival rate for stage I-III cancer was
77.9%, compared to only 13.7% for stage IV disease. It is worth noting that 42 of the 91 stage
IV cancer patients died within 6 weeks of the IVC filter placement [31]. Another study from
the University of Texas also demonstrated poor outcomes with median survival periods for
patients with solid and liquid tumors of 145 days (4.8 months) and 207 days (6.9 months),
respectively [32]. Furthermore, the probability of survival at 30 days was 0.76 in patients
classified with widely metastatic or disseminated disease [32].

The two largest randomized controlled trials, PREPIC1 [33] and PREPIC2 [34], on
IVC filter outcomes had questioned their added benefit on overall survival. Among the
799 patients, only 118 (14.8%) had active cancer, and the stage of the cancer was not
specified. Both these studies and others, including a California-based database study of
14,000 cancer patients with VTE, did not show a survival benefit from IVC filter use [35].
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An 8-year follow-up study of PREPIC1 showed an increased incidence of DVT in patients
with IVC filters [36]. Furthermore, even for recurrent PEs, the PREPIC2 trial did not show
a difference between patients treated with a retrievable IVC filter plus anticoagulation
and those treated with anticoagulation alone at 3 months [37]. A smaller randomized trial
conducted specifically on 64 cancer patients showed no advantage of using the IVC filters
in terms of recurrent thrombosis, recurrent pulmonary embolism, or survival [37].

IVC filter use has witnessed a substantive rise since the 1960s, especially in the US,
peaking in 2010 [38—41]. Following the 2010 US Food and Drug Administration (FDA)
safety communication, IVC filter utilization dropped significantly [42]. Moreover, IVC
filters are inappropriately inserted in several cases. In this study, a nationwide inpatient
sample was reviewed in recent years, before and after the FDA safety communication.
The authors concluded that the IVC filter placements steadily increased between 2005
(n = 100,434) and 2010 (n = 129,614), with a growth rate of 5.8%. However, IVC filter
placement subsequently declined between 2010 and 2014 (n = 96,005), with a decline rate of
—6.5% [42].

In a population-based study, the indications for IVC filter placement, as judged by
the reviewers, were debatable in 23% and clearly not indicated in 26% of cases, leaving
only half with undebatable indications [43]. The low rate of IVC filter retrieval in our study,
in only eight (4.5%) patients, may also indicate that the majority of such patients had an
anticipated poor outcome; thus, retrieving the IVC filter was not attempted.

A recently published single-institution study investigated the safety and outcomes
of IVC filters in 386 patients, 179 with retrievable filters and 207 with permanent filters.
These researchers also found that 20% of the patients with retrievable filters and 24%
with permanent filters had recurrent VIEs. The median survival in this study was also
consistent with previous literature, with 8.9 months in patients with the retrievable filter
group and 3.2 months in the permanent filter group [44]. In addition to the lack of benefits,
there are indicators of possible harm. In a large retrospective cohort study that used a
population-based sample from two databases, including 126,000 patients, 36.1% were cancer
patients. It was shown that in hospitalized patients with VTE and a contraindication to
anticoagulation, IVC filter placement was associated with a significantly increased hazard
of 30-day mortality (HR = 1.18; 95% CI, 1.13-1.22; p < 0.001) [45]. A study utilizing the
database of a large urban medical center in Bronx, New York, examined 5263 patients with
VTEs. Patients were divided into a group that received anticoagulation only and another
group that received an IVC filter in addition to anticoagulation. Both groups showed
no significant difference in the percentage of patients with cancer (26.7% versus 30.7%).
The study found that patients with IVC filters had increased mortality (HR 1.4, 95% CI:
1.14-1.71, p < 0.002). However, this mortality difference disappeared when age, cancer, and
albumin levels were adjusted in a multivariate Cox regression model (HR 0.98, CI: 0.79-1.2,
p = 0.85) [46].

The cost of IVC filters is another issue that should be considered. A study found
that a single retrievable filter may cost USD 1576 for the filter itself, USD 10,000 to place,
and USD 8824 to retrieve, totaling USD 21,383. The cost of a permanent filter device was
USD 4695 and USD 13,289, totaling USD 17,984. The authors’ institution found that over
the approximately five-year study period, the total cost of retrievable filters, including
their placement and retrieval, which only occurred in 40% of patients, was USD 2,883,389,
while the total cost of permanent filters and their placement was USD 3,722,688 for a
combined total of over USD 6.6 million for 386 patients in the study [44]. This adds to the
substantial financial burden cancer patients face in their final years or months, especially
when considering the lack of clear benefits [47].

Our study has certain limitations that must be addressed. First, it was a retrospective
study, which could have introduced a bias. However, designing and performing prospective
studies and clinical trials addressing this question might be difficult to execute, given the
potential harm associated with no IVC filter insertion. Second, the findings of our study
may have been affected by the wide range of cancer types and stages present in our sample.
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Lastly, this was a single-center study, and its findings may not be generalizable. However,
our study adds to the growing concerns related to the overutilization of IVC filters in
cancer patients with advanced-stage disease, poor prognosis and anticipated short survival.
The concept of supportive and palliative care should be emphasized, fully addressed, and
discussed with the patients themselves and their family members when appropriate.

In conclusion, the findings of our study suggest that the benefits of IVC filter placement
in patients with advanced-stage disease are limited. The complications associated with
IVC filters, their lack of benefits, and the financial burden they impose on patients and the
healthcare system must be addressed. Therefore, there is a need for prospective studies
and large randomized controlled trials tailored to cancer patients. Finally, clinicians should
consider the patient’s tumor type and stage, life expectancy, and the presence of proper
indications before IVC filter insertion.

Author Contributions: H.A.-R., ET. and M.J.A.-]. conceived and designed this study. R.A.-R., B.S,,
J.B.I, H.A.-]. and O.S. acquired, analyzed, and interpreted the data. H.A.-R., ET. and M.J.A.-]. took
responsibility for the integrity of the data and the accuracy of the data analysis. F.T. performed the
statistical analyses. H.A.-R., ET. and M.J.A.-J. drafted the manuscript. M.J.A.-]. critically revised the
manuscript for important intellectual content. H.A.-R. supervised this study. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Institutional Review Board
(IRB) (Approval Number: 20 KHCC 136) of King Hussein Cancer Center, and all procedures were
performed in accordance with the Helsinki regulations.

Informed Consent Statement: Given the retrospective nature of this study and the lack of patient
identifiers, consent to participate was waived by the IRB.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Heit, J.A,; Silverstein, M.D.; Mohr, D.N.; Petterson, T.M.; O’Fallon, W.M.; Melton, L.J., 3rd. Risk Factors for Deep Vein Thrombosis
and Pulmonary Embolism. Arch. Intern. Med. 2000, 160, 809. [CrossRef]

2. Heit, J.A,; Silverstein, M.D.; Mohr, D.N.; Petterson, T.M.; O’Fallon, W.M.; Melton, L.J. Relative impact of risk factors for deep vein
thrombosis and pulmonary embolism: A population-based study. Arch. Intern. Med. 2002, 162, 1245-1248. [CrossRef] [PubMed]

3.  Thodiyil, P.A.; Kakkar, A.K. Variation in relative risk of venous thromboembolism in different cancers. Thromb. Haemost. 2002, 87,
1076-1077. [CrossRef] [PubMed]

4. Abdel-Razeq, H.; Mansour, A.; Abdulelah, H.; Al-Shwayat, A.; Makoseh, M.; Ibrahim, M.; Abunasser, M.; Rimawi, D.; Al-Rabaiah,
A.; Alfar, R; et al. Thromboembolic events in cancer patients on active treatment with cisplatin-based chemotherapy: Another
look! Thromb. J. 2018, 16, 2. [CrossRef]

5. Yabeyu, A.B.; Hussen, S.U.; Tigneh, W.; Fentie, A.M. Incidence and determinants of chemotherapy associated thromboembolic
events among ethiopian patients treated for solid malignancy: A retrospective cross-sectional study. Clin. Appl. Thromb. Hemost.
2022, 28, 10760296221091216. [CrossRef]

6.  Hutten, B.A,; Prins, M.H.; Gent, M.; Ginsberg, J.; Tijssen, J.G.; Biiller, H.R. Incidence of recurrent thromboembolic and bleeding
complications among patients with venous thromboembolism in relation to both malignancy and achieved international
normalized ratio: A retrospective analysis. J. Clin. Oncol. 2000, 18, 3078-3083. [CrossRef]

7. Khorana, A.A,; Francis, C.W.; Culakova, E.; Kuderer, N.M.; Lyman, G.H. Thromboembolism is a leading cause of death in cancer
patients receiving outpatient chemotherapy. J. Thromb. Haemost. 2007, 5, 632-634. [CrossRef]

8.  Sgouros, J.; Maraveyas, A. Excess premature (3-month) mortality in advanced pancreatic cancer could be related to fatal vascular
thromboembolic events. A hypothesis based on a systematic review of phase III chemotherapy studies in advanced pancreatic
cancer. Acta Oncol. 2008, 47, 337-346. [CrossRef]

9. Bonnesen, K,; Klok, FA.; Andersen, M.].; Andersen, A.; Nielsen-Kudsk, J.E.; Mellemkjeer, S.; Serensen, H.T.; Schmidt, M.

Long-Term Prognostic Impact of Pulmonary Hypertension After Venous Thromboembolism. Am. J. Cardiol. 2023, 199, 92-99.
[CrossRef]


https://doi.org/10.1001/archinte.160.6.809
https://doi.org/10.1001/archinte.162.11.1245
https://www.ncbi.nlm.nih.gov/pubmed/12038942
https://doi.org/10.1055/s-0037-1613136
https://www.ncbi.nlm.nih.gov/pubmed/12083490
https://doi.org/10.1186/s12959-018-0161-9
https://doi.org/10.1177/10760296221091216
https://doi.org/10.1200/JCO.2000.18.17.3078
https://doi.org/10.1111/j.1538-7836.2007.02374.x
https://doi.org/10.1080/02841860701687267
https://doi.org/10.1016/j.amjcard.2023.04.023

J. Clin. Med. 2023, 12, 7209 80of9

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

Prandoni, P; Lensing, A.W.A; Piccioli, A.; Bernardi, E.; Simioni, P.; Girolami, B.; Marchiori, A.; Sabbion, P.; Prins, M.H.; Noventa,
F.; et al. Recurrent venous thromboembolism and bleeding complications during anticoagulant treatment in patients with cancer
and venous thrombosis. Blood 2002, 100, 3484-3488. [CrossRef]

Agnelli, G.; Becattini, C.; Meyer, G.; Mufioz, A.; Huisman, M.V.; Connors, ].M.; Cohen, A.; Bauersachs, R.; Brenner, B.; Torbicki, A.;
et al. Apixaban for the Treatment of Venous Thromboembolism Associated with Cancer. N. Engl. ]. Med. 2020, 382, 1599-1607.
[CrossRef] [PubMed]

Biiller, H.R.; Davidson, B.L.; Decousus, H.; Gallus, A.; Gent, M.; Piovella, F,; Prins, M.H.; Raskob, G.; Segers, A.E.; Cariou, R.; et al.
Fondaparinux or enoxaparin for the initial treatment of symptomatic deep venous thrombosis: A randomized trial. Ann. Intern.
Med. 2004, 140, 867-873. [CrossRef] [PubMed]

Van Hylckama Vlieg, M.A.M.; Nasserinejad, K.; Visser, C.; Bramer, WM.; Ashrani, A.A.; Bosson, ].L.; Crusan, D.]J.; D"Alessio, A,;
Fluharty, M.E.; Gibietis, V.; et al. The risk of recurrent venous thromboembolism after discontinuation of anticoagulant therapy in
patients with cancer-associated thrombosis: A systematic review and meta-analysis. EClinical Med. 2023, 64, 102194. [CrossRef]
[PubMed]

Gardella, L.; Faulk, J. Phlegmasia Alba and Cerulea Dolens. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2022.
Young, T.; Sriram, K.B. Vena caval filters for the prevention of pulmonary embolism. Cochrane Database Syst. Rev. 2020,
10, CD006212.

Jaff, M.R.; McMurtry, M.S.; Archer, S.L.; Cushman, M.; Goldenberg, N.; Goldhaber, 5.Z.; Jenkins, J.S.; Kline, J.A.; Michaels, A.D.;
Thistlethwaite, P.; et al. Management of massive and submassive pulmonary embolism, iliofemoral deep vein thrombosis, and
chronic thromboembolic pulmonary hypertension. Circulation 2011, 123, 1788-1830. [CrossRef]

Bikdeli, B.; Chatterjee, S.; Desai, N.; Kirtane, A.; Desai, M.; Bracken, M. Inferior vena cava filters to prevent pulmonary embolism:
Systematic review and meta-analysis. J. Am. Coll. Cardiol. 2017, 70, 1587-1597. [CrossRef] [PubMed]

Vestra, M.D.; Grolla, E.; Bonanni, L.; Pesavento, R. Are too many inferior vena cava filters used? Controversial evidences in
different clinical settings: A narrative review. Intern. Emerg. Med. 2018, 13, 145-154. [CrossRef]

Patel, G.; Panikkath, R.; Fenire, M.; Gadwala, S.; Nugent, K. Indications and appropriateness of inferior vena cava filter placement.
Am. J. Med. Sci. 2015, 349, 212-216. [CrossRef]

Li, X,; Haddadin, I; McLennan, G.; Farivar, B.; Staub, D.; Beck, A.; Thompson, D.; Partovi, S. Inferior vena cava
filter—Comprehensive overview of current indications, techniques, complications and retrieval rates. Vasa 2020, 49,
449-462. [CrossRef]

Liu, Y;; Lu, H,; Bai, H.; Liu, Q.; Chen, R. Effect of inferior vena cava filters on pulmonary embolism-related mortality and major
complications: A systematic review and meta-analysis of randomized controlled trials. J. Vasc. Surg. Venous Lymphat. Disord.
2021, 9, 792-800.€2. [CrossRef]

Sarosiek, S.; Crowther, M.; Sloan, ].M. Indications, complications, and management of inferior vena cava filters: The experience in
952 patients at an academic hospital with a level I trauma center. JAMA Intern. Med. 2013, 173, 513-517. [CrossRef] [PubMed]
Joels, C.S,; Sing, R.E,; Heniford, B.T. Complications of inferior vena cava filters. Am. Surg. 2003, 69, 654—-659. [CrossRef] [PubMed]
Nazzal, M.; Chan, E.; Nazzal, M.; Abbas, J.; Erikson, G.; Sediqe, S.; Gohara, S. Complications related to inferior vena cava filters:
A single-center experience. Ann. Vasc. Surg. 2010, 24, 480-486. [CrossRef] [PubMed]

Mismetti, P.; Rivron-Guillot, K.; Quenet, S.; Décousus, H.; Laporte, S.; Epinat, M.; Barral, EG. A prospective long-term study of
220 patients with a retrievable vena cava filter for secondary prevention of venous thromboembolism. Chest 2007, 131, 223-229.
[CrossRef] [PubMed]

Dabbagh, O.; Nagam, N.; Chitima-Matsiga, R.; Bearelly, S.; Bearelly, D. Retrievable inferior vena cava filters are not getting
retrieved: Where is the gap? Thromb. Res. 2010, 126, 493-497. [CrossRef]

Imberti, D.; Prisco, D. Retrievable vena cava filters: Key considerations. Thromb. Res. 2008, 122, 442-449. [CrossRef]
Abdel-Razeq, H.; Mansour, A.; Ismael, Y.; Abdulelah, H. Inferior vena cava filters in cancer patients: To filter or not to filter. Ther.
Clin. Risk Manag. 2011, 7, 99-102. [CrossRef]

Bajda, J.; Park, A.N.; Raj, A; Raj, R.; Gorantla, V.R. Inferior Vena Cava Filters and Complications: A Systematic Review. Cureus
2023, 15, e40038. [CrossRef]

Mansour, A.; Ismael, Y.; Abdel-Razeq, H. Inferior vena cava filters in patients with advanced-stage cancer. Hematol./Oncol. Stem
Cell Ther. 2014, 7, 136-141. [CrossRef]

Jarrett, B.P.; Dougherty, M.].; Calligaro, K.D. Inferior vena cava filters in malignant disease. |. Vasc. Surg. 2002, 36, 704-707.
[CrossRef]

Wallace, M.].; Jean, ].L.; Gupta, S.; Eapen, G.A.; Johnson, M.M.; Ahrar, K.; Madoff, D.C.; Morello, F.A.; Murthy, R.; Hicks, M.E. Use
of inferior vena caval filters and survival in patients with malignancy. Cancer 2004, 101, 1902-1907. [CrossRef] [PubMed]
Decousus, H.; Leizorovicz, A.; Parent, E; Page, Y.; Tardy, B.; Girard, P; Laporte, S.; Faivre, R.; Charbonnier, B.; Barral, F.-G.; et al.
A clinical trial of vena caval filters in the prevention of pulmonary embolism in patients with proximal deep-vein thrombosis. N.
Engl. ]. Med. 1998, 338, 409-416. [CrossRef] [PubMed]

Mismetti, P.; Laporte, S.; Pellerin, O.; Ennezat, P.V.; Couturaud, F; Elias, A.; Falvo, N.; Meneveau, N.; Quere, I.; Roy, PM.; et al.
Effect of a retrievable inferior vena cava filter plus anticoagulation vs anticoagulation alone on risk of recurrent pulmonary
embolism: A randomized clinical trial. JAMA 2015, 313, 1627-1635. [CrossRef]


https://doi.org/10.1182/blood-2002-01-0108
https://doi.org/10.1056/NEJMoa1915103
https://www.ncbi.nlm.nih.gov/pubmed/32223112
https://doi.org/10.7326/0003-4819-140-11-200406010-00007
https://www.ncbi.nlm.nih.gov/pubmed/15172900
https://doi.org/10.1016/j.eclinm.2023.102194
https://www.ncbi.nlm.nih.gov/pubmed/37731937
https://doi.org/10.1161/CIR.0b013e318214914f
https://doi.org/10.1016/j.jacc.2017.07.775
https://www.ncbi.nlm.nih.gov/pubmed/28935036
https://doi.org/10.1007/s11739-016-1575-7
https://doi.org/10.1097/MAJ.0000000000000386
https://doi.org/10.1024/0301-1526/a000887
https://doi.org/10.1016/j.jvsv.2021.02.008
https://doi.org/10.1001/jamainternmed.2013.343
https://www.ncbi.nlm.nih.gov/pubmed/23552968
https://doi.org/10.1177/000313480306900804
https://www.ncbi.nlm.nih.gov/pubmed/12953821
https://doi.org/10.1016/j.avsg.2009.07.015
https://www.ncbi.nlm.nih.gov/pubmed/19900783
https://doi.org/10.1378/chest.06-0631
https://www.ncbi.nlm.nih.gov/pubmed/17218580
https://doi.org/10.1016/j.thromres.2010.08.024
https://doi.org/10.1016/j.thromres.2007.06.017
https://doi.org/10.2147/TCRM.S17912
https://doi.org/10.7759/cureus.40038
https://doi.org/10.1016/j.hemonc.2014.09.005
https://doi.org/10.1016/S0741-5214(02)00121-0
https://doi.org/10.1002/cncr.20578
https://www.ncbi.nlm.nih.gov/pubmed/15386336
https://doi.org/10.1056/NEJM199802123380701
https://www.ncbi.nlm.nih.gov/pubmed/9459643
https://doi.org/10.1001/jama.2015.3780

J. Clin. Med. 2023, 12, 7209 90f9

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Brunson, A.; Ho, G.; White, R.; Wun, T. Inferior vena cava filters in patients with cancer and venous thromboembolism (VTE):
Patterns of use and outcomes. Thromb. Res. 2016, 140 (Suppl. S1), S132-5141. [CrossRef]

PREPIC Study Group. Eight-year follow-up of patients with permanent vena cava filters in the prevention of pulmonary
embolism: The PREPIC (Prevention du Risque d’Embolie Pulmonaire par Interruption Cave) randomized study. Circulation 2005,
112, 416-422. [CrossRef]

Barginear, M.F,; Gralla, R].; Bradley, T.P; Ali, S.S.; Shapira, I.; Greben, C.; Nier-Shoulson, N.; Akerman, M.; Lesser, M.; Budman,
D.R. Investigating the benefit of adding a vena cava filter to anticoagulation with fondaparinux sodium in patients with cancer
and venous thromboembolism in a prospective randomized clinical trial. Support. Care Cancer 2012, 20, 2865-2872. [CrossRef]
[PubMed]

Stein, P.D.; Kayali, F.; Olson, R.E. Twenty-one-year trends in the use of inferior vena cava filters. Arch. Intern. Med. 2004, 164,
1541-1545. [CrossRef] [PubMed]

Duszak, J.; Richard Parker, L.; Levin, D.C.; Rao, V.M. Placement and removal of inferior vena cava filters: National trends in the
medicare population. J. Am. Coll. Radiol. 2011, 8, 483-489. [CrossRef]

Kuy, S.; Dua, A.; Lee, C.]; Patel, B.; Desai, S.S.; Dua, A.; Szabo, A.; Patel, P.J. National trends in utilization of inferior vena cava
filters in the United States, 2000-2009. J. Vasc. Surg. Venous Lymphat. Disord. 2014, 2, 15-20. [CrossRef]

Tao, M.].; Montbriand, ].M.; Eisenberg, N.; Sniderman, K.W.; Roche-Nagle, G. Temporary inferior vena cava filter indications,
retrieval rates, and follow-up management at a multicenter tertiary care institution. J. Vasc. Surg. 2016, 64, 430—437. [CrossRef]
Wadhwa, V.; Trivedi, P.S.; Chatterjee, K.; Tamrazi, A.; Hong, K.; Lessne, M.L.; Ryu, R.K. Decreasing utilization of inferior vena
cava filters in post-FDA warning era: Insights from 2005 to 2014 nationwide inpatient sample. J. Am. Coll. Radiol. 2017, 14,
1144-1150. [CrossRef] [PubMed]

Frederick ASpencer, M.D. A Population-based study of inferior vena cava filters in patients with acute venous thromboembolism.
Arch. Intern. Med. 2010, 170, 1456-1462.

Shaikh, S.S.; Kamath, S.D.; Ghosh, D.; Lewandowski, R.J.; McMahon, B.J. Safety and outcomes of permanent and retrievable
inferior vena cava filters in the oncology population. Int. . Vasc. Med. 2020, 2020, 6582742. [CrossRef] [PubMed]

Turner, T.E.; Saeed, M.].; Novak, E.; Brown, D.L. Association of inferior vena cava filter placement for venous thromboembolic
disease and a contraindication to. JAMA Netw. Open 2018, 1, e180452. [CrossRef] [PubMed]

Billett, H.H.; Jacobs, L.G.; Madsen, E.M.; Giannattasio, E.R.; Mahesh, S.; Cohen, H.W. Efficacy of inferior vena cava filters in
anticoagulated patients. J. Thromb. Haemost. 2007, 5, 1848-1853. [CrossRef] [PubMed]

Mariotto, A.B.; Yabroff, K.R.; Shao, Y.; Feuer, E.J.; Brown, M.L. Projections of the cost of cancer care in the United States: 2010-2020.
J. Natl. Cancer Inst. 2011, 103, 117-128. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S0049-3848(16)30112-8
https://doi.org/10.1161/CIRCULATIONAHA.104.512834
https://doi.org/10.1007/s00520-012-1413-z
https://www.ncbi.nlm.nih.gov/pubmed/22421738
https://doi.org/10.1001/archinte.164.14.1541
https://www.ncbi.nlm.nih.gov/pubmed/15277286
https://doi.org/10.1016/j.jacr.2010.12.021
https://doi.org/10.1016/j.jvsv.2013.08.007
https://doi.org/10.1016/j.jvs.2016.02.034
https://doi.org/10.1016/j.jacr.2017.04.022
https://www.ncbi.nlm.nih.gov/pubmed/28623048
https://doi.org/10.1155/2020/6582742
https://www.ncbi.nlm.nih.gov/pubmed/32089887
https://doi.org/10.1001/jamanetworkopen.2018.0452
https://www.ncbi.nlm.nih.gov/pubmed/30646021
https://doi.org/10.1111/j.1538-7836.2007.02668.x
https://www.ncbi.nlm.nih.gov/pubmed/17723124
https://doi.org/10.1093/jnci/djq495

	Introduction 
	Methods 
	Results 
	Discussion 
	References

