
alone may result in better graft patency
but clinical outcomes are similar.
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Effect of Acute
Pulmonary Embolism

on the Hospitalization

Rates in Patients With

Heart Failure (From a

Nationwide Cohort

Sample)

Patients with heart failure (HF)
experience high rates of hospitalization,
account for over 1 million admissions
annually, and place a large economic
burden on the US health system.1 HF
complicated by acute pulmonary embo-
lism (PE) is associated with even worse

outcomes.2 Previous studies demon-
strated a bidirectional relation whereby
both conditions increase the risk of hos-
pitalization and mortality for the
other.3,4 Further understanding the
inter-relationship between PE and HF,
particularly across types of HF (HF
with reduced (HFrEF) and preserved
(HFpEF) ejection fraction), may help
guide more tailored treatment strate-
gies. Accordingly, we sought to explore
the change in 30-day hospitalization
rates before and after a diagnosis of PE
in HF patients.

We used the Nationwide Readmis-
sion Database (NRD),5 which is a de-
identified publicly available all-payer
database from 28 states accounting for
58.2% of U.S. hospitalizations, to iden-
tify patients hospitalized with a primary
diagnosis of PE between 2010 and
2017. Patients were then stratified by
presence of HF, and further subdivided
into HFpEF and HFrEF by using rele-
vant ICD-9/10-CM codes. We excluded
patients < 18 years old, who died dur-
ing index admission and who were hos-
pitalized during January or December
to ensure 30-day follow-up for all
patients before and after index admis-
sion, as the NRD resets annually. The
primary outcome was change in the 30-
day all-cause hospitalization rates
before and after PE diagnosis in
patients with and without HF. The sec-
ondary outcomes included the change
in 30-day hospitalization rates in

Figure 1. Forrest plots for comparison of different clinical outcomes between FFR-guided CABG compared with angiography alone. Horizontal lines repre-

sent 95% confidence intervals (CI). The rectangles represent the point estimate, and the size of the rectangle is proportional to the weight given to each study

in the meta-analysis. The diamond represents the summary estimate (size of the diamond = 95% CI). The vertical line represents the reference of no increased

risk. [Wherever possible propensity matched data were used for Fournier/Toth. For IMPAG, vessels that were grafted and had FFR≥0.78 were considered

angiogram-guided and those that had FFR<0.78 were considered FFR guided].
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HFrEF and HFpEF, the annual trends of
30-day readmission rates post-PE in
patients with and without HF, and the
monthly hospitalization rate for 6
months post-PE in patients with HF
(cohort was limited for hospitalizations
during April-June to allow 3-month
before and 6-month after the index
admission). We used McNemar’s test
to compare the hospitalization rates
pre- and post-PE, and linear trend test
for the post-PE readmission trend anal-
ysis. Propensity score matching for HF
status was conducted for the primary
outcome by using age, sex, atrial fibril-
lation, hypertension, diabetes mellitus,
pulmonary hypertension, chronic lung
disease, and chronic kidney disease.
Patients with and without HF were
matched 1:1. A p value <0.05 was con-
sidered statistically significant. This
study was exempted by the institutional
review board due to the de-identified
nature of the database.

We identified 512,367 patients who
were hospitalized with a primary diag-
nosis of acute PE, of whom 61,963
(12.1%) had concomitant HF (64.6%
HFrEF). The 30-day all-cause hospitali-
zation rate pre- and post-PE in patients
with HF increased from 16.9% to
21.2% (relative increase 20.1%, p <
0.001), whereas in patients without HF
hospitalization decreased marginally
from 12.7% to 12.4% (p < 0.001). After
propensity matching 61,963 patients
with HF with 61,963 patients without
HF, the 30-day all-cause hospitalization
rate in HF patients increased from
16.9% before to 21.2% after PE (p <
0.001), whereas in patients without HF
rate remained similar (14.1% vs 14.4%,
p = 0.155). In patients with HFrEF hos-
pitalization rate increased from 16.7%
to 21.7% (relative increase 23.0%, p <
0.001) as compared with HFpEF, where
the rate increased from 17.4% to 20.4%
(relative increase 14.7%, p < 0.001).

The landmark analysis with 30-day
interval for hospitalization rates post-
PE in patients with HF (18,941
patients) showed a gradual decline over
6-month follow-up, with the highest
rate during the first 30-day post-PE
(Panel A). The post-PE annual trends
for 30-day readmission rates in patients
with and without HF showed small
reduction over years (Panel B).

There are several major findings in
our study. First, patients with HF suffer
from increased 30-day all-cause hospi-
talization rate after acute PE whereas
patients without HF do not follow the
same trajectory of repeat hospitaliza-
tions. Second, in the HF cohort, patients
with HFrEF have more pronounced
increase in the 30-day all-cause hospital-
ization rate as compared with patients
having HFpEF. Third, over 6-month fol-
low-up period for HF patients, the first
30-day has the highest rate of readmis-
sion and gradually trends down which

Figure. Panel A: Monthly all-cause hospitalization rates for HF patients over six months post-PE. Panel B: Trends of all-cause 30-day hospitalization rates

after PE in patients with and without HF over years from 2010 to 2017. HF = heart failure; PE = pulmonary embolism.
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highlights the possible need for standard-
ized postdischarge outpatient follow-up
to decrease the risk of early readmission.
Fourth, there was a small reduction of
30-day readmission rate after PE in the
recent years.

We recognize several limitations
which are inherent to an administrative
database. The NRD lacks clinical data
to assess risk severity and poses a risk
of miscoding and under-coding. In par-
ticular, we are not able to differentiate
between patients with low and interme-
diate-risk of PE and cannot quantify PE
burden. Additionally, we cannot
account for out-of-hospital mortality
through NRD which may lead to possi-
ble under-estimation for post-PE read-
mission rates.

In conclusion, in patients who were
hospitalized for PE with a history of
HF, 30-day all-cause hospitalization
rate increased after the index PE hospi-
talization versus before. This finding is
more pronounced in patients with
HFrEF as compared to HFpEF.
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Meta-Analysis of

Aspirin Monotherapy

Versus Dual Antiplatelet
Therapy After

Transcatheter Aortic

Valve Implantation

Transcatheter Aortic Valve Implanta-
tion (TAVI) is increasingly being per-
formed in patients with severe aortic
stenosis.1 The current American guide-
lines recommend dual antiplatelet therapy
(DAPT) for the first 3 to 6 months after
TAVI in patients who are not on anticoa-
gulation.1 These recommendations have
been established based on experts’ opin-
ions due to the lack of clinical trials
investigating the optimal antithrombotic
therapy in this population. More recently,
multiple studies have questioned the ben-
efit of DAPT in reducing thromboem-
bolic outcomes and revealed high
bleeding events in patients who received
DAPT after TAVI compared with aspirin
monotherapy.2−5 Therefore, we con-
ducted a meta-analysis of all randomized

controlled trials (RCTs) to assess the
safety and efficacy of DAPT versus aspi-
rin monotherapy after TAVI.

We performed a comprehensive
electronic databases search for RCTs.
Two authors extracted and analyzed the
data using STATA v15.1 software. The
outcomes of interest were all-cause
mortality, stroke, and clinically signifi-
cant bleeding (defined as valve aca-
demic research consortium major, life-
threatening or disabling bleeding). We
calculated hazard ratios (HRs) and 95%
confidence intervals (CIs) to account
for differences in follow-up duration
using a random-effect model. We also
calculated the number need to treat for
the clinically significant outcomes.

We identified 4 RCTs2-5 with 1,086
patients, mean duration of follow up (7
§ 4 months) (age 80 § 1 years; females
44%), randomizing 9,845 patient-months
of follow-up. Compared with DAPT,
aspirin monotherapy was associated with
a significant reduction of clinically sig-
nificant bleeding (HR 0.49, 95% CI 0.32
to 0.75, p = 0.001, number need to
treat = 19) (Figure). There was no differ-
ence between aspirin monotherapy and
DAPT in terms of all-cause mortality
(HR 1.00, 95% CI 0.62 to 1.62, p = 1.00)
and stroke (HR 1.05, 95% CI 0.58 to
1.90, p = 0.87) (Figure).

In conclusion, in patients with severe
aortic stenosis who underwent TAVI, an
antithrombotic strategy using aspirin
monotherapy has reduced the risk of
clinically significant bleeding by 50%
with no difference in all-cause mortality
and stroke compared with DAPT.
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