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Inferior vena cava filter use
at a large community hospital:
a retrospective cohort study
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Inferior vena cava (IVC) filters are considered when patients with venous thromboembolism (VTE)
develop a contraindication to anticoagulation. Use of IVC filters is increasing, despite associated
complications and lack of data on efficacy in reducing VTE-related mortality. We characterized

the pattern of IVC filter use at a large community hospital between 2018 and 2022. Specifically,

we assessed the indications for IVC filter insertion, filter removal rates, and filter-associated
complications. Indications for IVC filters were compared to those outlined by current clinical practice
guidelines. We reviewed 120 consecutive filter placement events. The most common indications
included recent VTE and active bleeding (40.0%) or need for anticoagulation interruption for surgery
(25.8%). Approximately one-third (30.0%) of IVC filters were inserted for indications either not
supported or addressed by guidelines. Half (50.0%) of patients had successful removal of their IVC
filter. At least 13 patients (10.8%) experienced a filter-related complication. In a large community-
based practice, nearly one-third of IVC filters were inserted for indications not universally supported
by current practice guidelines. Moreover, most IVC filters were not removed, raising the risk of filter-
associated complications, and supporting the need for development of comprehensive guidelines
addressing use of IVC filters, and post-insertion monitoring practices.

Anticoagulation remains the first-line treatment for acute deep vein thrombosis (DVT) and pulmonary embolism
(PE)%; although, use of inferior vena cava (IVC) filters has risen over recent decades®. IVC filters were originally
designed to trap thrombus originating from lower extremity veins and prevent the development of clinically-
significant PE. Contraindications to anticoagulation, such as major bleeding or need for surgical intervention
among recently diagnosed venous thromboembolism (VTE), remain the most consistent indications for IVC
filter placement®=. Additional scenarios where filters are considered in clinical practice are neither addressed
nor universally supported by professional bodies” guidelines.

The majority of evidence informing on IVC filter use comes from retrospective reviews or case series’. Two
major randomized controlled trials (RCTs) evaluating use of filters, A Clinical Trial of Vena Caval Filters in the
Prevention of Pulmonary Embolism in Patients with Proximal Deep-Vein Thrombosis (PREPIC) and Effect of
a Retrievable Inferior Vena Cava Filter Plus Anticoagulation versus Anticoagulation Alone on Risk of Recurrent
Pulmonary Embolism: A Randomized Clinical Trial (PREPIC2), failed to demonstrate a benefit of IVC filters
among individuals receiving anticoagulation, although risk of recurrent DVT was increased among patients who
received a filter®®. Furthermore, RCTs evaluating the prophylactic placement of filters in trauma patients with a
contraindication to anticoagulation prophylaxis failed to demonstrate a reduction in symptomatic PE'*!!. How-
ever, there have been no RCTs assessing the use of IVC filters in patients with VTE who have a contraindication
to receiving therapeutic anticoagulation.

With continued improvements in IVC filter technology, the use of IVC filters has risen in recent decades
despite a lack of data on the effectiveness of filters in reducing VTE-related mortality>'>!*. Moreover, IVC filters
are associated with significant morbidity, including filter migration, recurrent lower extremity DV'T, IVC throm-
bosis, and fatal bleeding®'#-16. Once patients have safely resumed anticoagulation, IVC filters should be evaluated
for removal to minimize the risk of complications®!”. Most complications from filters occur following 30 days of
insertion, and prolonged insertion increases the likelihood of failed filter retrieval and chronic morbidity'*!%. A
systematic review of IVC filter use found that the majority of IVC filters are never removed, with rates of removal
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ranging from 12 to 42%'. Finally, the financial burden of IVC filters must be considered, as previous studies have
shown that filters are associated with a net financial loss under various reimbursement strategies'°.

This study aimed to understand the pattern of IVC filter use among patients with venous thrombotic disease
at Windsor Regional Hospital, a large community-based hospital with academic affiliations in Ontario, Canada.
Specifically, the indications for IVC filter insertion, rates of IVC filter removal, and filter-associated complications
were characterized. Indications for filter insertion were compared to those outlined by major clinical practice
guidelines.

Methods

We conducted a retrospective chart review of adult patients (aged 18 years and older) who had an IVC filter
inserted between August 1, 2018 and February 15, 2022 at Windsor Regional Hospital (WRH). This timeframe
was chosen to allow sufficient time for patient follow-up and capture filter-related outcomes. Patients were
identified using ICD10 codes for the insertion of IVC filters. This study was granted Category A approval by the
Windsor Regional Hospital Research Ethics Board, and all methods were carried out with relevant guidelines
and regulations. The requirement for informed consent from the study subjects were waived by the institutional
review board of WRH Research Ethics Board due to the retrospective study design.

REDCap® software (version 12.5.4) was used to collect and store patient data from WRH electronic health
records. The last day of follow-up corresponded to either the IVC filter removal date or, in patients who did
not have their IVC filter removed, the last date of documentation found in the electronic medical records. For
patients who died while their filter was in-situ, the date of death was noted instead.

Indications for IVC filter insertion at WRH were compared to those outlined by the 2021 updated 9th edi-
tion of ACCP (American College of Chest Physicians), 2011 edition of AHA (American Heart Association) and
2020 edition of SIR (Society of Interventional Radiology)*-. These three guidelines were chosen by consensus
as the most comprehensive available and reflective of expert opinion across a variety of specialties including
Thrombosis, Vascular Medicine, Interventional Radiology, Cardiology, etc.

Patient demographics, anticoagulation use, filter removal rates, and filter outcomes were summarized descrip-
tively using median, interquartile range (IQR), and frequency. Chi-square tests of independence were performed
to examine the relationship between filter-related complications and the appropriateness of filter insertion, pres-
ence of active cancer and duration until removal.

Ethics approval
Category A approval was granted by the Windsor Regional Hospital Research Ethics Board. (January 26, 2022
/REB #22-422).

Results

Characteristics of patients who received an inferior vena cava filter

We reviewed 120 consecutive IVC filter placement events in 118 patients with a median duration of follow-up of
53 (IQR: 20-170) days. All IVC filters in this review were retrievable Cook Celect filters. Two patients received
an IVC filter during two different occurrences (Table 1). Seventy-six (64.4%) patients were male and forty-two
(35.6%) female, with a median age of 68 years (IQR: 58-80) at the time of filter placement. The majority of
patients had at least one VTE risk factor (n=90; 75.0%), with the most common risk factor being active malig-
nancy in 45.0% of patients (n=54). Additional risk factors included: history of VTE (n = 34; 28.3%), surgery
within 3 months of VTE diagnosis (n=27; 22.5%), estrogen use (n=1; 0.83%), and inherited thrombophilia
(n=1;0.83%).

Lower extremity DVT (n=59; 49.2%) was the most common type of VTE experienced by the patients in our
study. Approximately one third of patients who received an IVC filter (n=38; 31.7%) had a PE without concur-
rent lower extremity DVT, and 19.2% (n=23) had both DVT and PE (Table 1). All DVT and PE were objectively
confirmed by imaging and documented prior to IVC filter placement. Most patients (n=61; 57.0%) had their VTE
diagnosed within 1 week of IVC filter insertion, 13.1% (n=14) within 2 weeks, 10.3% (n=11) within 4 weeks,
and 18.7% (n=20) within 3 months of IVC filter insertion.

Fifty-seven (48.3%) patients died during the course of follow-up. The most common cause of death was cancer
(n=21;17.8%), followed by multi-organ failure (n=8; 6.8%), cerebrovascular/cardiovascular disease (n=4; 3.4%),
infection (n=4; 3.4%), respiratory failure (n=4; 3.4%), and post-operative complications (n=2; 1.7%). Cause of
death was unknown in 14 patients (11.9%); in two of these patients, the IVC filter was removed prior to death
after a median of 970 days (IQR: 823-1113). Two patients died due to complications from lower gastrointestinal
bleeding. One of the two patients never resumed anticoagulation and therefore had no anticoagulants prior to
hemorrhage. The second patient’s anticoagulation was held within 24 h of death.

Indications for filter insertion at Windsor Regional Hospital
The most common indication for IVC filter insertion in our study was recent VTE, defined as DVT and/or PE
diagnosed within 3 months, and active bleeding (n=48; 40.0%) (Table 2). Active bleeding was a major bleeding
event defined according to the International Society on Thrombosis and Haemostasis (ISTH) criteria®'. Active
bleeding events included: intra-abdominal bleed (n=23; 47.9%), intracranial hemorrhage (n=12;25.0%), hema-
turia (n=6; 12.5%), intramuscular hematoma (n =3; 6.3%), hemorrhagic stroke (n=2; 4.2%), spinal hematoma
(n=1;2.1%), and hemorrhage post-open fracture (n=1; 2.1%).

Recent VTE with a need for anticoagulation interruption for major surgery was the second most common
indication for IVC filter insertion (n=32;26.7%) (Table 2). Thirty percent of IVC filters (n =36) were inserted for
indications that were either not addressed or supported by at least one of the three major guidelines (ACCP, AHA,
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Patient demographic (n=118) n (%)
Sex

Male 76 (64.4)
Female 42 (35.6)
Age (years) 67.8 (IQR: 58-80)
Deceased 57 (48.3)
Cause of death

Cancer 21(17.8)
Unknown 14 (11.9)
Multi-organ failure 8(6.8)
Cerebrovascular/cardiovascular disease 4(3.4)
Infection 4(3.4)
Respiratory failure 4(3.4)
Post-operative complication 2(1.7)

Characteristics of Filter Placement Events (n=120) n (%)

Type of VTE n (%)
DVT alone 59 (49.2)
PE alone 38 (31.7)
DVT & PE 23(19.2)
Presence of VTE Risk Factors 90 (75.0)
Active malignancy 54 (45.0)
History of prior VTE 34 (28.3)
Surgery within 3 months 27 (22.5)
Estrogen use 1(0.83)
Inherited thrombophilia® 1(0.83)

Table 1. Characteristics of patients who received an inferior vena cava filter. IQR, interquartile range; VTE,
venous thromboembolism; DVT, deep vein thrombosis; PE, pulmonary embolism. *Heterozygous for factor V
Leiden gene mutation.

Does the guideline support the indication for IVC filter use?
Indication for IVC filter IVC filter indication at WRH, n (%) ACCP SIR AHA
Recent VTE & major bleeding 48 (40) Yes Yes Yes
Recent VTE & interruption of anticoagulation for surgery 32 (26.7) Yes Yes Yes
E{:‘;ﬂt VTE & perceived risk of bleeding with no active 11(92) No Not addressed No
Non-acute VTE & active bleeding 10 (8.3) Not addressed Not addressed Not addressed
Non-acute VTE & interruption of anticoagulation for 10 (8.3) Not addressed No Not addressed
surgery
gg;ent VTE & non-major bleed with ongoing anticoagula- 5(4.2) Not addressed Not addressed Not addressed
Recent VTE & severe thrombocytopenia® 2(1.7) Yes Yes Yes
Anticoagulation failure 1(0.8) Not addressed No Yes
Massive PE & residual DVT 1(0.8) Not addressed Not addressed Yes

Table 2. Comparison of IVC filter indications at Windsor Regional Hospital to clinical practice guidelines
(n=120). ACCP, American College of Chest Physicians; AHA, American Heart Association; SIR, Society of
Interventional Radiology. *Platelet count less than 20 x 10°/L.

SIR) (Table 2). These indications included: (i) need for interruption of anticoagulation in patients with a remote
history of VTE (VTE greater than 3 months ago) and active bleed (n=10; 8.3%) or prior to surgery (n=10;
8.3%), (ii) recent VTE and perceived risk of bleeding with no active bleed or contraindication to anticoagulation
(n=11;9.2%), and (iii) recent VTE and non-major bleed with ongoing use of anticoagulant therapy (n=>5;4.2%).

Anticoagulant management before and after filter placement

The direct oral anticoagulants (DOACs) were the most common type of anticoagulant used before IVC filter
insertion (n=38, 31.7%) (Table 3). Anticoagulant therapy was resumed in 71 patients (59.2%) after a median of
6 days (IQR: 1-13) following IVC filter insertion. Among the 60 patients (50.0%) with a chronic indwelling IVC
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Anticoagulant type Pre-IVC filter insertion n (%) Post-IVC filter insertion n (%)
DOAC 38 (31.7) 41 (34.2)

LMWH 30 (25.0) 28 (23.3)

Unfractionated heparin 9(7.5) 0(0.0)

Vitamin K antagonist 7 (5.8) 2(1.7)

None 36 (30.0) 49 (40.8)

Table 3. Anticoagulant therapy use pre- and post-IVC filter insertion. DOAC, direct oral anticoagulant; IVC,
inferior vena cava; LMWH, low molecular weight heparin.

filter, 22 remained on anticoagulation in the form of a DOAC, vitamin K antagonist (VKA), or low molecular
weight heparin (LMWH).

Outcomes of inferior vena cava filters

Half (50.0%, n=60) of patients had successful removal of their IVC filter with a mean of 1.2 (IQR: 1-1) attempts
at filter removal per patient. Six patients (5.0%) did not have their filter removed after 1 or more attempts at
removal. Filters were not removed due to presence of thrombus at the filter at the time of removal (n=3, 2.5%),
filter was tilted or embedded in the caval wall and not retrievable (n=2, 1.7%), or renal function precluded use
of intravenous contrast necessary for the procedure (n=1, 0.8%). IVC filter retrieval was not attempted in 45.0%
of patients (n=>54), of which 47 (87.0%) died throughout the course of chart review and 7 (13.0%) were lost to
follow-up based on our last date of chart review. Fifty (42.4%) patients died with an IVC filter in place due to
reasons not related to the filter or VTE. Anticoagulation was not resumed following IVC filter insertion in 49
patients; consequently, the adjusted IVC filter removal rate was 69%.

Among patients who had successful removal of their filter, the median time that the IVC filter remained in
place was 51 (IQR: 20-106) days. At least 10.8% (95% CI 6.4-17.7%) of patients (n=13) experienced a com-
plication relating to their IVC filter, including recurrent DVT (n=4; 3.3%), IVC thrombotic occlusion (n=3;
2.5%), filter migration (n=3; 2.5%), recurrent PE (n=2; 1.7%), and IVC penetration (n=1; 0.8%). No statistical
association was found between duration of filter in place for greater than 30 days and filter-related complication
[X? (1, N=120)=0.87, p>0.05)]. Filter-related complication rates were similar among patients with guideline-
congruent indications for IVC filter insertion and those with filters inserted for indications not supported by
current guidelines [ X? (1, N=120) =0.86, p>0.05)].

Rates of filter removal were markedly reduced among patients with cancer. Fifty-four (47.5%) patients had
active cancer at the time of filter insertion, and only 19 (35.2%) had their filter successfully removed. Three
patients with active cancer (5.6%) experienced a filter-related complication, including filter migration (n=2;
3.7%) and IVC thrombosis (n=1; 1.9%). There was no significant association between the presence of active
cancer and filter-related complications [ X* (1, N=120)=2.83, p>0.05)].

We categorized a subgroup of patients with poor prognosis (which we defined as death within 3 months fol-
lowing IVC filter insertion) and cancer-related deaths to determine if these patients may have been susceptible
to worse outcomes. Out of the 18 patients that fit this criterion, only one patient had successful removal of their
filter (5.6%) and 3 patients had complications (16.7%), including recurrent DVT (n=2, 11.1%) and IVC throm-
botic occlusion (n=1, 5.6%).

Discussion

We explored the practice patterns of IVC filter use at our institution, which is a large community-based hospi-
tal in Ontario, Canada with academic affiliations that provides care to a population of approximately 400,000
people. Our study revealed two main issues: (1) IVC filters are used in clinical settings either not supported or
addressed by current major guidelines and, (2) lack of follow-up post-IVC filter insertion to ensure adequate
retrieval once anticoagulation has been resumed. These issues are not unique to our institution and reflect the
lack of standardization of care relating to the use of IVC filters, in general.

One-third of IVC filters were inserted for indications either not addressed or supported by major clinical
guidelines. While current guidelines agree that IVC filters should be considered for patients with acute VTE and
contraindications to anticoagulation®**-%, this recommendation fails to clearly define the optimal timing of IVC
filter insertion among individuals with acute VTE, recognizing that the risk of recurrent VTE is highest in the
initial 2-4 weeks of diagnosis?. The updated 2021 ACCP guidelines define acute VTE as one that is diagnosed
within the preceding month; however, most other guidelines do not provide a timeframe. Moreover, patients
presenting with a transient contraindication to anticoagulation following acute VTE may derive limited benefit
from a filter, while risking exposure to filter-related complications®.

As well, the utility of IVC filters in individuals with acute PE without concurrent lower extremity DVT is not
known, and similarly not supported by the updated 2021 ACCP guidelines. Nearly one third of patients in our
review had PE without DVT. Other indications vary among the guidelines and remain vaguely defined, such as
anticoagulant failure, massive PE with residual lower extremity DVT, etc. For example, the 2020 SIR and 2021
ACCP guidelines suggest that a filter should not be placed in patients who have recurrent VTE despite therapeutic
anticoagulation, while the 2011 AHA, 2019 ESC (European Society of Cardiology), and 2020 NICE (The National
Institute for Health and Care Excellence) guidelines recommend a filter in this instance® %%,
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We identified a 10.8% complication rate associated with IVC filters in our patient cohort, which is comparable
to other studies which have reported complication rates from 0 to 41%'>*?, Given that the risk of complications
increases with time that the filter is in situ, patients should have their filters removed as soon as possible following
anticoagulation resumption'”?. All of the IVC filters in our study were retrievable, yet just half of them were
removed. Moreover, 69.2% of patients in our study with indwelling IVC filters had resumed full-dose anticoagu-
lant therapy. Removal rates of retrievable IVC filters vary widely between institutions, ranging from 12 to 45%
in one systematic review in 2011 and under 58% in another review in 2018'*". In our study, patients with active
malignancy represented a significant proportion of the patients who failed to have their filter removed (31.7%)
and experienced high rates of filter-related complications, suggesting that patients with advanced malignancy
may derive limited benefit from IVC filters.

Our study has several limitations, including the retrospective design which is subject to confounding factors.
Subjective interpretation of the guidelines may have also limited our study, as there is not a uniform definition
of an acute VTE, contraindications to anticoagulation, and failure of anticoagulation, further highlighting the
uncertainty surrounding current available guidelines for IVC filter use. Although complications rates differ
across filter types, all participants in this study received the Cook Celect filter*?, so we were unable to assess the
effect of filter type on the complication rate. Given the retrospective nature of this study, we were also unable to
access information regarding the structural integrity of the retrieved filters, but this would have provided more
information on the reliability of these filters. Moreover, we only observed patterns of filter use from 2018 to
2022 to analyze the recent practice patterns in the context of current guidelines, which limited the number of
filter-related events included in this study.

Our study has several strengths, including review of recent data of a moderate patient size from a large
community-based hospital without a dedicated Thrombosis service, which is reflective of many other community
hospitals. The results of our study have helped to improve local practice patterns relating to IVC filter use. We
have developed a novel pathway whereby patients who undergo IVC filter insertion receive automatic follow-up
through the Interventional Radiology department within 2—-4 weeks for consideration of filter removal.

Given that the majority of clinical medicine takes place in community hospitals, it is imperative to better
understand the knowledge gaps in community-based practices that have the potential to impact the care of a
significant number of patients. Moreover, published data from academic centers highlight the practice variability
that exists relating to the use of IVC filters in general, regardless of center of practice.

Conclusions

Conflicting data from major guidelines likely contribute to the significant variation in use of IVC filters and may
predispose towards patient harm. Given that the majority of patient care occurs in the community setting, further
efforts are needed to understand patterns of IVC filter use in these hospital settings. As well, our findings further
support the need for development of concrete, universally-accepted guidelines on indications for IVC filter use
and improved monitoring practices post-insertion to minimize patient morbidity.

Data availability
The datasets generated and analyzed during the current study are available from the corresponding author on
reasonable request.

Received: 12 January 2024; Accepted: 29 April 2024
Published online: 03 May 2024

References

1. Kearon, C. et al. Antithrombotic therapy for VTE Disease: CHEST guideline and expert panel report. CHEST 149(2), 315-352.
https://doi.org/10.1016/j.chest.2015.11.026 (2016).

2. Stein, P. D, Kayali, E & Olson, R. E. Twenty-one-year trends in the use of inferior vena cava filters. Arch. Intern. Med. 164(14),
1541-1545 (2004).

3. Kearon, C. et al. Antithrombotic therapy for VTE disease: Antithrombotic therapy and prevention of thrombosis, 9th ed: American
college of chest physicians evidence-based clinical practice guidelines. Chest 141(2 Suppl), e419S-e496S. https://doi.org/10.1378/
chest.11-2301 (2012).

4. Stevens, S. M. et al. Executive summary: Antithrombotic therapy for VTE disease: Second update of the CHEST guideline and
expert panel report. CHEST 160(6), 2247-2259. https://doi.org/10.1016/j.chest.2021.07.056 (2021).

5. Jaff, M. R. et al. Management of massive and submassive pulmonary embolism, iliofemoral deep vein thrombosis, and chronic
thromboembolic pulmonary hypertension. Circulation 123(16), 1788-1830 (2011).

6. Kaufman, J. A. et al. Society of interventional radiology clinical practice guideline for inferior vena cava filters in the treatment
of patients with venous thromboembolic disease: Developed in collaboration with the american college of cardiology, american
college of chest physicians, american college of surgeons committee on trauma, american heart association, society for vascular
surgery, and society for vascular medicine. J. Vasc. Interv. Radiol. JVIR 31(10), 1529-1544. https://doi.org/10.1016/j.jvir.2020.06.
014 (2023).

7. Girard, P, Stern, J. B. & Parent, F. Medical literature and vena cava filters: So far so weak. CHEST 122(3), 963-967. https://doi.org/
10.1378/chest.122.3.963 (2002).

8. 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 112(3), 416-422.
https://doi.org/10.1161/CIRCULATIONAHA.104.512834 (2005).

9. Mismetti, P. 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 313(16), 1627-1635 (2015).

10. Ho, K. M. et al. A multicenter trial of vena cava filters in severely injured patients. N. Engl. J. Med. 381, 328-337 (2019).
11. Ho, K. M., Patel, P, Chamberlain, J., Nasim, S. & Rogers, E. B. Long-term outcomes after using retrievable vena cava filters in major
trauma patients with contraindications to prophylactic anticoagulation. Eur. J. Trauma Emerg. 49, 335-341 (2023).

Scientific Reports |

(2024) 14:10192 | https://doi.org/10.1038/s41598-024-60868-z nature portfolio


https://doi.org/10.1016/j.chest.2015.11.026
https://doi.org/10.1378/chest.11-2301
https://doi.org/10.1378/chest.11-2301
https://doi.org/10.1016/j.chest.2021.07.056
https://doi.org/10.1016/j.jvir.2020.06.014
https://doi.org/10.1016/j.jvir.2020.06.014
https://doi.org/10.1378/chest.122.3.963
https://doi.org/10.1378/chest.122.3.963
https://doi.org/10.1161/CIRCULATIONAHA.104.512834

www.nature.com/scientificreports/

12. Stein, P. D., Matta, F. & Hull, R. D. Increasing use of vena cava filters for prevention of pulmonary embolism. Am. J. Med. 124(7),
655-661. https://doi.org/10.1016/j.amjmed.2011.02.021 (2011).

13. Saeed, M. J., Turner, T. E. & Brown, D. L. Trends in inferior vena cava filter placement by indication in the United States from 2005
to 2014. JAMA Intern. Med. 177(12), 1861-1862. https://doi.org/10.1001/jamainternmed.2017.5960 (2017).

14. Angel, L. E, Tapson, V., Galgon, R. E., Restrepo, M. I. & Kaufman, J. Systematic review of the use of retrievable inferior vena cava
filters. J. Vasc. Interv. Radiol. 22(11), 1522-1530.e3. https://doi.org/10.1016/j.jvir.2011.08.024 (2011).

15. Caplin, D. M. et al. Quality improvement guidelines for the performance of inferior vena cava filter placement for the prevention
of pulmonary embolism. J. Vasc. Interv. Radiol. JVIR 22(11), 1499-1506. https://doi.org/10.1016/j.jvir.2011.07.012 (2011).

16. Deso, S. E., Idakoji, I. A. & Kuo, W. T. Evidence-based evaluation of inferior vena cava filter complications based on filter type.
Semin. Interv. Radiol. 33(2), 93-100. https://doi.org/10.1055/s-0036-1583208 (2016).

17. Jaberi, A., Tao, M. ]., Eisenberg, N., Tan, K. & Roche-Nagle, G. IVC filter removal after extended implantation periods. Surg. 18(5),
265-268. https://doi.org/10.1016/j.surge.2019.10.003 (2020).

18. Ho, K. M,, Tan, J. A,, Burrell, M., Rao, S. & Misur, P. Venous thrombotic, thromboembolic, and mechanical complications after
retrievable inferior vena cava filters for major trauma. Br. J. Anaesth. 114, 63-69 (2015).

19. Ho, K. M., Rogers, E. B., Rao, S., Chamberlain, J. & Geelhoed, E. Cost-effectiveness of early placement of vena cava filters to prevent
symptomatic pulmonary embolism in patients with contraindications to prophylactic anticoagulant. Vasc. Med. Lond. Engl. 26,
641-647 (2021).

20. Huber, T. C. et al. Analysis of costs and payments for inferior vena cava filter retrieval in the medicare population. J. Vasc. Interv.
Radiol. 32, 1164-1169 (2021).

21. Schulman, S., Kearon, C. & S.,. Definition of major bleeding in clinical investigations of antihemostatic medicinal products in
non-surgical patients. . Thromb. Haemost. 3(4), 692-694 (2005).

22. Ahmed, O,, Cifu, A. S. & Paul, J. Inferior vena cava filters for the treatment of patients with venous thromboembolic disease. JAMA
326(13), 1321-1322. https://doi.org/10.1001/jama.2021.9262 (2021).

23. Vedantham, S., Piazza, G., Sista, A. K. & Goldenberg, N. A. Guidance for the use of thrombolytic therapy for the treatment of
venous thromboembolism. J. Thromb. Thrombolysis. 41(1), 68-80. https://doi.org/10.1007/s11239-015-1318-z (2016).

24. Konstantinides, S. V. et al. ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in col-
laboration with the european respiratory society (ERS). Eur. Heart ]. 41(4), 543-603. https://doi.org/10.1093/eurheartj/ehz405
(2020).

25. National Institute for Health and Care Excellence (NICE). Venous thromboembolic diseases: Diagnosis, management and thrombo-
philia testing http://www.ncbi.nlm.nih.gov/books/NBK556698/ (2023).

26. Kearon, C. & Hirsh, J. Management of anticoagulation before and after elective surgery. N. Engl. J. Med. 336(21), 1506-1511.
https://doi.org/10.1056/NEJM199705223362107 (1997).

27. Bikdeli, B. et al. Inferior vena cava filters to prevent pulmonary embolism: Systematic review and meta-analysis. J. Am. Coll. Cardiol.
70(13), 1587-1597. https://doi.org/10.1016/j.jacc.2017.07.775 (2017).

28. Johnson, M. S. et al. Predicting the safety and effectiveness of inferior vena cava filters (PRESERVE): Outcomes at 12 months. J.
Vasc. Surg. Venous Lymphat. Disord. 11(3), 573-585.e6. https://doi.org/10.1016/j.jvsv.2022.11.002 (2023).

29. Swami, U, Annunziata, G. & Fulger, . Experience with vena cava filters at a large community hospital and level-I trauma center:
Indications, complications, and compliance barriers. Clin. Appl. Thromb. Off. J. Int. Acad. Clin. Appl. Thromb. 20(5), 546-552.
https://doi.org/10.1177/1076029613505766 (2014).

30. Sella, D. M. & Oldenburg, W. A. Complications of inferior vena cava filters. Semin Vasc. Surg. 26(1), 23-28. https://doi.org/10.
1053/j.semvascsurg.2013.04.005 (2013).

31. Crumley, K. D., Hyatt, E., Kalva, S. P. & Shah, H. Factors affecting inferior vena cava filter retrieval: A review. Vasc. Endovasc. Surg.
53(3), 224-229. https://doi.org/10.1177/1538574418814061 (2019).

32. Deso, S. E., Idakoji, I. A. & Kuo, W. T. Evidence-based evaluation of inferior vena cava filter complications based on filter type.
Semin Interv. Radiol. 33(2), 93-100 (2016).

Author contributions

SE YB, SB, KG, CH and AC designed the methods, collected and analyzed the data, and wrote the manuscript. AC
and CH conceptualized the study, provided medical expert opinion, and revised the manuscript. TW provided
medical expert opinion and revised the manuscript. All authors read and approved the latest version of the article.

Funding

The authors received no funding for the conduction of this research or preparation of the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:10192 | https://doi.org/10.1038/s41598-024-60868-z nature portfolio


https://doi.org/10.1016/j.amjmed.2011.02.021
https://doi.org/10.1001/jamainternmed.2017.5960
https://doi.org/10.1016/j.jvir.2011.08.024
https://doi.org/10.1016/j.jvir.2011.07.012
https://doi.org/10.1055/s-0036-1583208
https://doi.org/10.1016/j.surge.2019.10.003
https://doi.org/10.1001/jama.2021.9262
https://doi.org/10.1007/s11239-015-1318-z
https://doi.org/10.1093/eurheartj/ehz405
http://www.ncbi.nlm.nih.gov/books/NBK556698/
https://doi.org/10.1056/NEJM199705223362107
https://doi.org/10.1016/j.jacc.2017.07.775
https://doi.org/10.1016/j.jvsv.2022.11.002
https://doi.org/10.1177/1076029613505766
https://doi.org/10.1053/j.semvascsurg.2013.04.005
https://doi.org/10.1053/j.semvascsurg.2013.04.005
https://doi.org/10.1177/1538574418814061
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Inferior vena cava filter use at a large community hospital: a retrospective cohort study
	Methods
	Ethics approval

	Results
	Characteristics of patients who received an inferior vena cava filter
	Indications for filter insertion at Windsor Regional Hospital
	Anticoagulant management before and after filter placement
	Outcomes of inferior vena cava filters

	Discussion
	Conclusions
	References


