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Abstract

Background—Inferior vena caval filters (IVCFs) may prevent recurrent pulmonary embolism
(PE). Despite uncertainty about their net benefit, patterns of use and outcomes of this device in
contemporary practice are unknown.

Objectives—We determined the trends in utilization rates and outcomes of I\VVCF placement in
patients with PE, and explored regional variations in use in the United States.

Methods—In a National cohort study of all Medicare Fee-For-Service beneficiaries aged =65
years with a principal discharge diagnosis of PE between 1999-2010, we determined the Rates of
IVCF placement per 100,000 beneficiary-years, and per 1,000 patients with PE. We also
investigated the 30-day and 1-year mortality rates after IVCF placement.

Results—Among 556,658 patients hospitalized with PE, 94,427 underwent I\VVCF placement.
Between 1999 and 2010, the number of PE hospitalizations with 1\VCF placement increased from
5,003 to 8,928, representing an increase in the rate per 100,000 beneficiary-years from 19.0 to
32.5 (P <0.001 for both). As the total number of PE hospitalizations increased (from 31,746 in
1999 to 54,392 in 2010), the rate of IVCF placement per 1,000 PE hospitalizations did not change
significantly (157.6 to 164.1, P = 0.11). Results were consistent across demographic subgroups,
although IVCF use was higher in blacks and patients aged =85 years. IVCF utilization varied
widely across regions, with the highest rate in the South Atlantic region and the lowest rate in the
Mountain region.

Conclusions—In a period of increasing PE hospitalizations among Medicare Fee-For-Service
beneficiaries, IVCF placement increased as utilization rates in patients with PE remained above
15%. Mortality associated with PE hospitalizations is declining, regardless of I\VCF use.

Keywords
deep vein thrombosis; trends; mortality

Introduction

Inferior vena caval filters (IVCFs) are an advanced therapy for pulmonary embolism (PE)
with uncertain net benefit. IVCFs can prevent recurrent PE (1); yet, this benefit might be
offset by procedural and longer-term device-related complications such as recurrent deep
vein thrombosis (DVT) and post-thrombotic syndrome. The available randomized controlled
trials have not shown a mortality benefit associated with use of IVCFs (1-4). Expert
guidelines recommend the use of IVCFs for cases with contraindications to anticoagulation
or with recurrent PE despite receiving anticoagulation (5-7). Given the equivocal data for
risks and benefits, clinical equipoise for use of IVCFs has persisted (8-11).

The older adults may represent a population in whom IVCF utilization is common despite
the uncertainties around clinical benefit. Age and medical comorbidities place older adults at
higher risk for the development of PE, as well as its complications, including right
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ventricular dysfunction (12) and death (12-15). Meanwhile, older adults are less likely to
receive alternative therapies such as thrombolytic therapy (12,16,17) due to concerns for
hemorrhagic complications, or surgical thrombectomy due to a high prevalence of multiple
comorbidities. These factors, as well as recent technological advances in IVCF design (18)
may have increased the use of IVCFs over time. Accordingly, we assessed the utilization
rates and outcomes of IVCF placement among all Medicare Fee-For-Service beneficiaries
aged =65 years in the United States, from 1999 to 2010 and also examined regional
variations in IVCF use.

Methods

Data Source

We used the 100% Medicare enrollment file from the Centers for Medicare & Medicaid
Services (CMS) to identify all Medicare Fee-For-Service (FFS) beneficiaries aged =65 years
from 1999 through 2010 with at least 1 month of enrollment who resided in and were
hospitalized in the United States. For each year, we counted the total number of beneficiaries
and calculated person-years for beneficiaries to account for new enrollment, disenrollment,
or death during the study period. We then linked the person-years beneficiary data with the
inpatient claims data to identify all FFS beneficiaries with a principal discharge diagnosis of
PE who underwent IVCF placement from January 1, 1999, through December 31, 2010. The
Medicare inpatient claims data encompass procedural and diagnostic information for
hospitalizations based on International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM), as well as demographics, and dates of hospital admission and
discharge. Death was determined through the Medicare enrollment file, which includes
information on out-of-hospital mortality.

Patients

We included patients with principal ICD-9-CM discharge diagnosis of PE using the
following codes: 415.1X (pulmonary embolism and infarction), 415.11 (iatrogenic
pulmonary embolism and infarction), 415.13 (saddle embolus of pulmonary artery), or
415.19 (other pulmonary embolism and infarction). We excluded patients with principal
discharge diagnosis of septic pulmonary embolism (415.12). For patients with multiple
hospitalizations (5.7% in 1999 and 2.5% in 2010) for pulmonary embolism in each given
year, we randomly selected one hospitalization. Among patients with principal ICD-9-CM
discharge diagnosis of PE, we used ICD-9-CM procedure codes to identify those who
received IVVCFs (38.7) during the index PE hospitalization.

Outcome Measures

We determined the number of hospitalized patients with PE who received IVVCFs in each
year during the study period and reported the rates of PE hospitalizations that underwent
IVVCF placement per 100,000 person-years of Medicare FFS beneficiaries. Further, to
provide a clinically meaningful denominator for use of I\VCFs, we determined the number of
patients with principal discharge diagnosis of PE in each year. Using the PE hospitalizations
that underwent IVCF placement as the numerator, we calculated the rate of IVCF use per
1,000 patients with principal discharge diagnoses of PE. Among patients receiving IVCFs,
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we determined the rates of in-hospital, 30-day, 6-month, and 1-year all-cause death. The
time zero for all deaths was the date of I\VCF placement, and the mortality rates are reported
as percentages. We determined the hospital length of stay and trends in utilization rate and
outcomes of IVCF placement from 1999 to 2010. We also determined the utilization of
IVCFs across 9 U.S. Census regions.

Statistical Analysis

Results

We used the Mantel-Haenszel Chi-squared test to assess the temporal trends in the procedure
utilization rates and mortality rates for IVCF placement. To obtain adjusted 30-day, 6-
month, and 1-year mortality rates, we fitted separate linear mixed-effects models with logit
link functions and hospital-specific random intercepts. We used the data from 1999 as the
referent and indicator variables for each subsequent year to estimate the likelihood of
mortality for each subsequent year adjusted for comorbidities (19,20). We converted the
odds ratio values to risk ratio estimates (21) and multiplied the risk ratio for each year by the
mortality rate of the baseline year (1999) to calculate adjusted mortality rates for subsequent
years. We performed all analyses with SAS 9.3 (SAS Institute, Cary, North Carolina). All
tests were 2-sided, and a p-value <0.05 was considered significant. The Human Investigation
Committee at Yale University exempted this study from additional review since all data were
de-identified.

Patient Characteristics

Among 335,302,975 beneficiary-years between January 1, 1999, and December 31, 2010,
there were 556,658 hospitalizations with the principal discharge diagnosis of PE. Among the
patients with PE, 94,427 (16.9%) underwent I\VCF placement. Compared with the entire
cohort of patients with PE, those undergoing IVCF placement had an overall greater
frequency of comorbidities (including cancer, heart failure, atherosclerotic and vascular
diseases, and functional disability, Table 1). Within the cohort of patients with PE that
received IVCFs, the demographic characteristics remained relatively unchanged from 1999
to 2010. Some comorbidities remained stable during the study period; some were less
frequent (such as atherosclerotic disease and heart failure, P <0.05 for both); and some were
more frequent (such as respiratory failure, renal failure, and hypertension, P <0.01 for all).

IVCF Utilization Rates

The number of patients with PE undergoing IVCF placement increased annually from 5,003
in 1999 to 8,928 in 2010 (P <0.001 for trend). The rate of PE hospitalizations undergoing
IVCF placement increased from 19.0 to 32.5 per 100,000 beneficiary-years (P <0.001). The
number of hospitalizations with principal discharge diagnosis of PE increased annually from
31,746 in 1999 to 54,392 in 2010. Therefore, the rate of PE hospitalizations undergoing
IVVCF placement per 1,000 patients with PE did not change significantly (from 157.6 in 1999
to 164.1 in 2010, P = 0.11 for trend).
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Short and long-term mortality rates declined in all subgroups with PE from 1999 to 2010.
Adjusted mortality rates in the entire cohort of patients with principal discharge diagnosis of
PE declined from 12.7% to 9.0% at 30 days, and from 26.3% to 22.4% at 1 year (P <0.001
for both time periods). Among patients with PE undergoing IVCF placement, there were
significant declines in in-hospital mortality (8.2% to 4.3%), and in post-procedural adjusted
30-day (13.4% to 10.9), 6-month mortality (28.8% to 26.7%) and 1-year mortality (33.4% to
30.6%; P for trend <0.001 for all, Table 2). A similar trend but with more pronounced
decline in mortality rates was also observed in the cohort of patients with PE that did not
undergo IVVCF placement (Figure 1; Table 3).

Findings across Demographic Subgroups

The oldest patients (aged =85 years) had the greatest relative increase in rate of IVCF
placement over time (from 150.0 in 1999 to 194.6 in 2010 per 1,000 patients with PE, P
<0.001). Men had higher procedure rates compared with women throughout the study
period. Across the racial subgroups, blacks had a significant decline in IVCF utilization rates
over time (P <0.05), nevertheless, blacks had a persistently higher IVCF placement rate
compared with the other races. Adjusted 30-day and 1-year mortality rates declined over
time among all age, sex, and race subgroups. Across the age subgroups, higher 30-day and
1-year mortality rates were observed in the oldest old (=85 years), with 1-year mortality rate
exceeding 33% throughout the study period (range: 33.2%-37.9%). Compared with women,
men had higher 30-day and 1-year mortality rates over time (Table 4).

Regional Variation

The utilization of I\VCFs varied across regions and states. From 1999 to 2010, IVCF use was
consistently highest in the South Atlantic region (from 217 to 222 per 1,000 patients with
PE) and lowest in the Mountain region (from 92 to 113 per 1,000 patients with PE). While
the utilization rates increased in the West North Central and Mid-Atlantic regions over time,
New England was the only region wherein the rates of I\VVCF placement declined throughout
the study period (P <0.001 for all comparisons, Figure 2).

Discussion

Among Medicare FFS beneficiaries, >15% of patients with PE received an IVCF in each
year from 1999 to 2010. In the context of a significant 71% relative increase in
hospitalizations with PE, we observed a significant 78% relative increase in the number of
IVCFs during the study period. Collectively, these 2 translated into a modestly increased
IVVCF use rate per 1,000 hospitalizations with PE which was not statistically significant. In
the setting of increasing PE hospitalizations and associated decline in mortality rates of the
entire cohort of patients with PE (including those who did not receive IVCFs), we observed
an increase in utilization of I\VCFs that coincided with a gradual decline in overall mortality
rates, including among the patients with PE that underwent IVCF placement (Central
Illustration; Figure 1). The trends were consistent across various age, sex, and race
subgroups, and across different regions. The rates of I\VCF placement were consistently
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higher among blacks and the oldest patients (=85 years). Wide regional variation in IVCF
use persisted from 1999 to 2010.

Our results are consistent with several theories that could explain the increasing utilization
of IVCFs and decreased mortality rates in the cohort with PE, including those receiving
IVCFs, over time. In addition to recent technological advancements such as availability of
retrievable IVVCFs that made them more palatable for referring physicians (18), the increased
use of IVCFs may reflect increased PE diagnoses (22). Such temporal increase in the pool of
patients with PE could, in turn, explain the increase in number of IVCFs placed over time.
With regard to decreased mortality rates over time, it is possible that I\VCFs are effective in
preventing fatal PE, and their increased use over time averted some fatal PEs. This would be
in line with our observation that the most notable change has occurred in short-term
mortality rates. Observational studies by Stein et al. (10,23,24) with limited adjustments
(8,9) showed lower inhospital mortality rates among elderly patients with PE who received
an IVCF compared with those who did not. Likewise, in a recent propensity-matched
analysis from a large registry of patients with venous thromboembolism, use of IVCFs was
associated with a non-significant reduction in all-cause death among patients at high risk of
bleeding (25). However, our study was not designed for comparative effectiveness. Further,
as discussed before, mortality rates similarly declined among patients that did not receive an
IVVCF. Another explanation for decreased mortality rates over time could be that procedure-
related mortality for IVCF placement may have declined due to improvements in technique,
equipment, and operator proficiency (18). It is also possible that improved utilization rates of
routine anticoagulants have occurred over time and have contributed to reduced mortality
rates over time, although we did not have access to data to investigate such patterns.

Alternatively, the constellation of increasing number of hospitalizations with PE in the
Medicare FFS population, increasing IVCF utilization, and reduced mortality rates,
including among those that did not receive IVCFs from 1999 to 2010, may indicate
inclusion of potentially less sick patients in the PE cohort over time, as well as more
permissive use of I\VCF placement among potentially less sick patients with PE. More
frequent diagnosis of PE among potentially less sick patients, in an era of more sensitive
diagnostic tools for PE, may help explain lower mortality rates in the entire cohort of
hospitalized patients with PE (26). Further, more widespread use of IVCFs among less
critically-ill patients might have limited impact on fatalities, but show reduced mortality
rates among recipients of I\VCFs, reflected by a dilution effect. This would be also in line
with the findings of the only three available randomized trials of I\VCF placement, which did
not show a mortality benefit with use of IVCFs (1-4). Finally, it is possible that the observed
trends in IVCF utilization and outcomes are multifactorial, with contribution from each of
the above explanations.

Our results are consistent with a recent study that showed marked variations in IVCF
utilization across the US states, which was not entirely explained by differences in rates of
DVT or PE hospitalizations (27). Similarly, a study in 263 California hospitals showed high
hospital-level variation in utilization of IVCFs within one state (28). While the uncertainty
around risks and benefits of I\VCF utilization may play a role, other reasons behind such
markedly different practice patterns, as well as changes in observed trends (such as increase
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in IVCF utilization rates in West North Central and Mid-Atlantic regions but a decline New
England) need further investigation.

We provide a contemporary national perspective about IVVCF utilization among older adults
with PE, as well as short-term and long-term outcome data. Our study, however, has several
limitations. First, we only studied Medicare FFS beneficiaries, and findings might not be
generalizable to the uninsured, Medicare Advantage patients, or younger patients with PE.
Second, interpretations related to appropriateness of IVCF placement are limited. Although
we did not have access to coexisting therapies, or indications for treatment, such as
contraindications to antithrombotic therapy or recurrence of PE despite adequate
anticoagulation, some studies suggest that 1\VCFs have been used more frequently than
guidelines recommendations (29). Likewise, we did not have access to information on
patient preferences regarding IVCF placement. Finally, although the comorbidities were
relatively stable over time and adjusted using our mixed-effects models, we did not have
access to reliable metrics for determining PE disease severity.

Conclusions

In this study of Medicare FFS beneficiaries between 1999 and 2010, we demonstrated
frequent and increasing use of IVCFs in patients with PE over time. This occurred in the
context of increasing PE hospitalizations and declining mortality rates in all patients with
PE, including those who did and did not receive IVCFs. Collectively, our results suggest that
more permissive use of technology has occurred over time in the setting of persistent
controversy for net benefit. The optimal use of this technology remains uncertain. Further
investigations should identify the subgroups that will benefit most from this procedure.
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Perspectives
Competency in Medical Knowledge

Use of inferior vena cava (IVC) filters has increased among Medicare fee-for-service
beneficiaries with pulmonary thromboembolism (PE), but mortality rates have declined in
patients with PE with and without I\VC filters.

Translational Outlook

Further studies are required to define patient subgroups that gain the most benefit from
IVC filters.

JAm Coll Cardiol. Author manuscript; available in PMC 2017 March 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Bikdeli et al.

Page 11
100% - 100%
L ‘ =
. [ ‘ g L
g Zz — = 3
s "z z s c 2 —_—
g Nofiter, sbve 3 " » 2 No fiter, alive L a3 5 >
] iN=23.381) [ ; w = 3 (N=41287) &? e
£ 8% - P 1o z VL%
g P g @ &
s = N S e
o | a o -—
|
20% | 20% |~ o
1z z_
Filter, slive | w= Filter, alive * 2
?=4333) FeE % =7,883) o8
] 8% | 8
J g LA
[ 1
20% 100% 20% 100%
30-day Mortality Rate 30-day Mortality Rate

Figure 1. Proportion of Medicare FFS Patients with PE with and without IVCF Placement in
1999 and 2010

Shown are the number of patients with PE, those that received IVCFs, and the fatalities in
those who did and did not receive IVCFs. The size of each rectangle is proportionate to the
number of patients in each subgroup. Note that the number of deaths in the entire cohort, as
well as among those with and without IVCFs increased from 1999 to 2010. However, in the
context of increasing PE hospitalizations (denominator), the mortality rates declined in all
cohorts, with most notable decline in the subgroup that did not receive an IVCF. The
fatalities in the figure represent 30-day unadjusted deaths. Adjusted 30-day and 1-year
fatalities follow a similar pattern. FFS: Fee-For-Service, IVCF: inferior vena caval filter PE:
pulmonary embolism.
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Figure 2. Rates of Inferior Vena Caval Filter Placement Across 9 U.S. Regions in 1999 and 2010
Note the changes in 2010 compared with 1999, including the decline in the New England

and the increase in most other regions. Rates are reported per 1,000 patients with PE. South
Atlantic: Delaware, Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia,
Washington D.C., and West Virginia. New England: Connecticut, Maine, Massachusetts,
New Hampshire, Rhode Island, and Vermont. Mid Atlantic: New Jersey, New York, and
Pennsylvania. East North Center: Illinois, Indiana, Michigan, Ohio, and Wisconsin. East
South Center: Alabama, Kentucky, Mississippi, and Tennessee. West South Center:
Arkansas, Louisiana, Oklahoma, and Texas. Pacific: Alaska, California, Hawaii, Oregon,
and Washington. West North Center: lowa, Kansas, Minnesota, Missouri, Nebraska, North
Dakota and South Dakota. Mountains: Arizona, Colorado, Idaho, Montana, Nevada, New
Mexico, Utah, and Wyoming
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Patient Characteristics

Table 1

Total

Demographics
Age (y)
Female (%0)
Race
White (%)
Black (%)
Other (%)

Comorbidities
Cancer (%)
Heart Failure (%)
Myocardial Infarction (%)
Unstable Angina (%)
Peripheral Vascular Disease (%)
Atherosclerotic Disease (%)
Stroke (%6)
CVD Other than Stroke (%)
Hypertension (%)
Respiratory Failure (%0)
COPD (%)
Pneumonia (%0)
Renal failure (%)
Liver Disease (%)
Diabetes (%0)

Other Conditions
Trauma (%)
Malnutrition (%)
Other psychiatric disorder (%)
Depression (%)
Dementia (%)

Functional Disability (%0)

Patients with PE
556,658

77.9
60.6

85.9
11.3
2.8

22.6
15.2
3.1
2.8
10.7
29.8
3.3
46
63.4
6.2
28.0
20.1
8.3
0.7
22.1

10.9
5.8
2.9
9.6

12.7
3.9

PE + IVCF Placement
94,427

78.2
58.7

83.9
13.2
2.9

29.4
18.4
3.7
2.8
16.9
31.2
6.0
5.7
62.6
7.9
30.0
22.3
10.6
11
22.6

135
8.3
3.2
9.0

15.0
6.2

COPD: chronic obstructive pulmonary disease, CVD: cerebrovascular disease, IVCF: inferior vena caval filter, PE: pulmonary embolism
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Temporal Change in Medicare FFS Patients with PE with and without IVCF Placement in 1999 and 2010.

Table 3

1999 2010  Change (N, %)
Hospitalizations
All Patients with PE 31,746 54,392 1 22646
T (71%)
Receiving an IVCF 5,003 8,928 13925
T (78%)
Not receiving an IVCF 26,743 45464 1 18721
T (70%)
30-day Mortality
All Patients with PE (N for mortality) 4,032 5222 11190
T (29.5%)
All Patients with PE (Mortality Rate [%]) 12.7 9.6 I (3.1%)
Receiving an IVCF (N for mortality) 670 1,045 1375
T (59.7%)
Receiving an IVCF (Mortality Rate) 13.4 11.7 v (L.7%)
Not receiving an IVCF (N for mortality) 3,362 4,177 1 815
1 (24.2%)
Not receiving an IVCF (Mortality Rate) 12.6 9.2 I (3.2%)

Note that fatalities in the table represent 30-day unadjusted deaths. Adjusted 30-day and 1-year fatalities follow a similar pattern. FFS: Fee-For-

Service, IVCF: IVCF: inferior vena cava filter, PE: pulmonary embolism.
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