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Mortality according to the use inferior vena cava (IVC) filters in patients with pulmonary
embolism (PE) and heart failure (HF) has been sparsely studied. In the present investiga-
tion, we assess whether IVC filters in stable patients with PE and HF reduce mortality.
This is a retrospective cohort study of administrative data from the Premier Healthcare
Database, 2009 through 2015. Patients aged >18 years hospitalized with a primary diag-
nosis of PE and a discharge diagnosis of HF were identified by International Classification
of Diseases-Ninth Revision-Clinical Modification codes. Exclusions were unstable patients
(in shock or on a ventilator), patients who underwent pulmonary embolectomy, and
patients with co-morbidities. In-hospital all-cause mortality was 102 of 2,423 (4.2%) with
an IVC filter compared with 686 of 14,063 (4.9%) without an IVC filter (p = 0.16). Only
patients aged >80 years showed a lower in-hospital all-cause mortality with IVC filters, 38
of 933 (4.1%) with an IVC filter compared with 307 of 4,486 (6.8%) without an IVC filter
(p=0.0012). In conclusion, stable patients with PE and HF, if aged >80 years, showed a
reduced in-hospital all-cause mortality with IVC filters. © 2019 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;124:292—295)

The only randomized controlled trial of retrievable infe-
rior vena cava (IVC) filters in patients with pulmonary
embolism (PE), the Prevention du Risque d’Embolie Pul-
monaire par Interruption Cave (PREPIC II) trial, showed a
similar all-cause mortality at 3 and 6 months after insertion
in those who received an IVC filter and those who did not."
This trial, however, did not have enough patients to stratify
according to subgroups. Several subgroups of patients with
acute PE have been shown by retrospective cohort studies
of huge databases to have a lower mortality if the patients
received an IVC filter. Unstable patients with PE, defined
as those in shock or on a ventilator, had a lower in-hospital
all-cause mortality with IVC filters™”; irrespective of age,”
providing the IVC filters were inserted early, during the
period of instability.” Several subgroups of stable patients
with PE also showed a lower mortality with IVC filters.® A
subgroup that has been sparsely studied, his that with heart
failure (HF).” In the present investigation, we further assess
whether IVC filters in stable patients with PE and HF
reduce mortality.

Methods

This is a retrospective cohort study of administrative
data from the Premier Healthcare Database (Charlotte,
North Carolina).® This investigation was determined by the
institutional review board not to meet the definition of
“human subjects” because the database includes only dei-
dentified patients.
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We identified all patients aged >18 years hospitalized with
a primary (first-listed) diagnosis of PE from 2009 through
2015. From these, we selected patients with PE who had a
discharge diagnosis of HF. We excluded those who were
unstable (in shock or on a ventilator), because such patients
previously were shown to have a lower in-hospital all-cause
mortality if they received an IVC filter.” > For the same rea-
son, we excluded patients who underwent pulmonary embo-
lectomy.”” We matched patients by excluding those with
co-morbid conditions listed in the Charlson Comorbidity
Index other than HF.'” International Classification of Dis-
eases-Ninth Revision-Clinical Modification codes were used
and are shown in Tables 1 and 2. In-hospital all-cause mortal-
ity was assessed according to the use of IVC filters. Guide-
lines for Strengthening the Reporting of Observational
Studies in Epidemiology were followed.''

Differences of categorical variables were calculated by
the 2-tailed Fisher’s exact test or 2-tailed chi-square test
with Yates’ correction using GraphPad Software (San
Diego, California). Differences of means of continuous var-
iables were reported as mean =+ standard deviation and dif-
ferences of means were assessed by Student’s unpaired
t test. Relative risk and 95% confidence intervals (CI) of
relative risk were calculated using MedCalc statistical soft-
ware (Ostend, Belgium). Linear regression analyses were
performed using InStat 3.0; GraphPad Software, San Diego,
California.

Results

From 2009 through 2015, 16,486 patients were hospital-
ized with a primary diagnosis of PE, had HF, were stable,
and had no co-morbid conditions (Figure 1). Those who
received an IVC filter were older than those who did not,
aged 74 £ 13 years compared with 70 £ 15 years (p <
0.0001). The proportion of females in those who received
IVC filters and those who did not was similar, 58% females

www.ajconline.org


http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2019.04.024&domain=pdf
mailto:steinp@msu.edu
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2019.04.024

Miscellaneous/Filters, Pulmonary Embolism, and Heart Failure

Table 1
ICD-9-CM codes used

ICD-9-CM code
415.1,415.13,415.19

Condition

Pulmonary embolism

Vena cava filter 38.7
Shock 785.50, 785.59
Ventilator dependence V46.1, V46.11
Pulmonary embolectomy 38.05

Heart failure 428.0,428.1,428.2,

428.3,428.4,428.1

ICD-9-CM = International Classification of Diseases-Ninth Revision-
Clinical Modification.

with ICV filters compared with 57% without IVC filters
(p=0.38).

The proportion of patients with PE and HF who received
an IVC filter increased linearly with age (Figure 2). In-hos-
pital all-cause mortality increased linearly with age in those
who did not receive an IVC filter (Figure 3). In those who
received an IVC filter, mortality was not age-related.

Among patients of all ages, in-hospital all-cause mortal-
ity was 102 of 2,423 (4.2%) with an IVC filter compared
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Table 2
ICD-9-CM codes in co-morbid conditions other than heart failure listed in
the Charlson Comorbidity Index’

Condition ICD-9-CM codes
Acute myocardial infarction 410
Peripheral vascular disease 440.2,443.9
Cerebrovascular disease 430-438
Dementia 290
Chronic obstructive pulmonary disease 490-496

Rheumatologic disease 710.0, 710.1, 710.4,

714.0,714.1,714.2,714.8

Ulcer disease 531-534
Acute or chronic liver disease 570, 571
Diabetes mellitus 250.0-250.3
Hemiplegia and hemiparesis 342.0-342.9
Paraplegia 344.1
Moderate or severe renal disease 580-586, 588
Diabetes with chronic complications 250.4-250.6
Any neoplasms, leukemia, lymphoma 140-195, 200-208
Metastatic cancer 196-199
HIV and AIDS 042

HIV =human immunodeficiency virus; ICD-9-CM = International Clas-
sification of Diseases-Ninth Revision-Clinical Modification.

All PE > 18 years
Hospitalized 2009-2015

n= 328,903
Secondary PE
n=150,579 (45.8%)
1st Diaghosis PE
178,324|(54.2%)
No Heart Failure
154.107 (86.4%)
Heart Failure
24,217 (13.6%)
Unstable or
Embolectomy
1,237 (5.1%)
Stable
22,980 (94.9%)
Co-morbid conditions
6,494 (28.3%)

No-comorbid conditions
16,486 (71.7%)

[
IVC Filter
2,423 (14.7%)

|
No IVC Filter
14,063 (85.3%)

Died
102 (4.2%)

Survived
2,321 (95.8%)

Died
686 (4.9%)

Survived
13,377 (95.1%)

Figure 1. Flow chart. IVC =inferior vena cava; PE = pulmonary embolism.
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Figure 2. Proportion of patients who received an inferior vena cava (IVC) filter in relation to age groups. The proportion of patients who received an IVC fil-
ter increased linearly with age. Correlation coefficient (r) = 0.9828, p < 0.0001.
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Figure 3. In-hospital all-cause mortality in relation to age groups. In those who did not receive an inferior vena cava (IVC) filter, mortality increased linearly
with to age, correlation coefficient (r) = 0.9941, p = 0.0005. Mortality did not increase with age in those who received an IVC filter, r=0.7658, p=0.13.

with 686 of 14,063 (4.9%) without an IVC filter (p =0.16), Discussion
relative risk 0.87 (95% CI=0.71 to 1.07). Only patients
aged >80 years showed a lower in-hospital all-cause mor-
tality with IVC filters, 38 of 933 (4.1%) with an IVC filter
compared with 307 of 4,486 (6.8%) without an IVC filter
(p=0.0012), relative risk 0.80 (95% CI=0.43 to 0.87;
Figure 3).

Among stable patients with PE and HF, those who
received an IVC filter showed a lower in-hospital all-cause
mortality only if aged >80 years.

In a previous retrospective cohort study based on admin-
istrative data from the Nationwide Inpatient Sample, 2005
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to 2014, patients aged >80 years had the largest absolute
risk reduction with IVC filters, 4.9%.” This is concordant
with our observation of a lower mortality with IVC filters
in patients aged >80 years. However, significant absolute
risk reductions with IVC filters that ranged from 0.4% to
2.1% were also shown in patients aged <80 years.” We
showed no risk reduction in such patients. We believe that
a lower mortality with IVC filters in patients aged <80 years
resulted from inclusion of unstable patients in the popula-
tion. This skews the results in favor of IVC filters. It is not
clear that mortality would have been reduced with IVC fil-
ters in patients aged <80 years if the population had been
limited to stable patients.

We are not certain that the lower mortality with IVC fil-
ters in stable patients aged >80 years with HF represents a
benefit of IVC filters in HF or is a reflection of the benefit
of IVC filters in the very elderly, irrespective of HF. We
previously showed a lower in-hospital all-cause mortality
with IVC filters in stable patients with PE aged >80 years
irrespective of which co-morbid conditions were present or
whether no co-morbid conditions were present.'> We presume
that patients aged >80 years are fragile, and, therefore, more
likely than younger patients to succumb to even a small recur-
rent PE.

Strengths of our investigation include the large number
of patients evaluated. Patients were matched by including
only those with HF and PE and excluding those with other
co-morbid conditions. Patients were further matched
according to decades of age. Interpretation of the results of
cohort studies, however well-done, must be circumspect,13
as indeed we are circumspect, in inferring cause. However,
in most cases, the estimates of the treatment effects from
observational studies and randomized controlled trials are
similar.'*"”

In conclusion, stable patients with PE and HF, if aged
>80 years, showed a reduced in-hospital all-cause mortality
with IVC filters.
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