
Figure 1. Forest plots of clinical outcomes. Abbreviations: ARISTOTLE: apixaban for reduction in stroke and other thromboembolic events in atrial fibrilla-

tions; DAWA: dabigatran versus warfarin after bioprosthesis valve replacement for the management of atrial fibrillation postoperatively; DOAC: direct oral

anticoagulants; ENGAGE AF-TIMI 48: effective anticoagulation with factor Xa next generation in atrial fibrillationthrombolysis in myocardial infarction

48; RIVER: rivaroxaban for valvular heart disease and atrial fibrillations.
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Change in

Hospitalization Rates
After Percutaneous
Coronary Intervention for

Chronic Total Occlusion (from a

Nationwide Cohort Sample)

Successful percutaneous coronary
intervention (PCI) for chronic total

s
a
e
a
o
t

occlusion (CTO) has been associated
with improvement of disabling anginal
symptoms in patients with maximal
medical therapy, improvement of left
ventricular function, and reduces risk of
ventricular arrhythmias.1 Despite these
benefits, patients continue to suffer
from high hospitalization rates post-
CTO PCI with chest pain being the
most common cause.2 In order to better
understand the influence of CTO PCI
on hospitalization rates, we aimed to
explore the change in hospitalization
rates pre- and post-CTO PCI by using
the Nationwide Readmission Database
(NRD).

NRD is a deidentified publicly avail-
able all-payers discharge database
accounting for 58.2% of US hospital-
izations.3 By utilizing ICD-9/10 codes,
we identified hospitalized patients with
a diagnosis of CTO and underwent a
ingle-vessel PCI during the same index
dmission from 2010 to 2017. We
xcluded patients with a diagnosis of
cute coronary syndrome (ST-elevation
r non-ST-elevation myocardial infrac-
ion (MI), and unstable angina). This
approach was designed before to iden-
tify patients undergoing CTO PCI using
administrative database.4 We excluded
patients who died during index admis-
sion and were admitted January-March
or October-December in each year to
capture 90-day follow-up before and
after index admission since NRD data
do not cross the calendar year.5 The pri-
mary outcome was the change in 90-
day all-cause hospitalization rate pre-
and post-CTO PCI. The secondary out-
comes included: (1) Change in 90-day
hospitalization rates for heart failure,
acute MI, chest pain without MI, and
ventricular tachycardia-related hospi-
talizations; (2) a 30-day time frame
analysis for the 90-day all-cause hospi-
talization rates pre- and post-CTO PCI;
(3) change in all-cause 90-day hospital-
ization rates among key subgroups
(Figure 1A). McNemar test was used to
compare the hospitalization rates pre-
and post-CTO PCI. A p value <0.05
was considered statistically significant.
This study was exempted by the institu-
tional review board due to the deidenti-
fied nature of the database.
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Figure 1. Hospitalization rates before and after percutaneous coronary intervention (PCI) for chronic total occlusion (CTO)

(A) A 90-day all-cause hospitalization rates pre- and post-CTO PCI among key subgroups. p value for all-comparison <0.001. AF = atrial fibrillation;

CKD = chronic kidney disease; CLD = chronic lung disease; DM = diabetes mellitus; HF= heart failure; HTN = hypertension.

(B)Monthly all-cause hospitalization rate pre- and post-CTO PCI.
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Analytic cohort of 17,868 patients
met our inclusion criteria. The 90-day
all-cause hospitalization rate pre- and
post-CTO PCI increased from 18.1% to
23.8% (p <0.001). A similar pattern of
change was observed across the exam-
ined subgroups (Figure 1A). The
change in 90-day hospitalization rates
pre- versus post-CTO PCI for: Heart
failure 1.7% versus 1.8% (p = 0.635),
acute MI 2.2% versus 1.3% (p <0.001),
chest pain without MI 0.8% versus
1.0% (p = 0.011), and ventricular tachy-
cardia-related hospitalization 0.2% ver-
sus 0.4% (p <0.001). The 30-day
interval hospitalization rates over 90-
day before and after the procedure
showed a significant rise in the first 30-
day post-CTO PCI (Figure 1B).

This nationwide observational
analysis showed that CTO PCI was not
followed by a reduction in 90-day all-
cause, heart failure, chest pain without
MI or ventricular tachycardia hospitali-
zation rates, although a reduction in
acute MI-related hospitalizations was
noticed. The first 30-day post-CTO PCI
was associated with the highest rate of
hospitalization rate. Despite the known
symptomatic improvement of the angi-
nal symptoms and improvement of LV
systolic function after CTO PCI, our
study identified increased health care
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utilization. Further studies are needed
to investigate methods to reduce post-
CTO PCI hospitalizations in order to
maximize the benefits from the proce-
dure.

These results should be cautiously
interpreted in the context of limitations
for using administrative database to
identify CTO PCI. First, we cannot
ensure the success of the procedure
which may affect the postprocedure
readmission rates however this is likely
a small number, and that does not
explain the increase in the hospitaliza-
tion rates post-CTO PCI. Second, we
may have captured non-CTO PCI
patients; however it is less likely since
we limited our cohort to a single-vessel
PCI, excluded patients with ACS event,
and the current practice paradigm
favors coronary artery bypass graft for
patient with multivessel coronary artery
disease.4 Finally, this analysis is
restricted to inpatient procedures only,
and does not capture outpatient CTO
PCI, which is a big portion of this
patient population with a possible dif-
ferent patient risk profile between both
groups.
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The Chronic Kidney

Disease Phenotype of
HFpEF: Unique Cardiac

Characteristics
Heart failure (HF) is highly prevalent
in patients with chronic kidney disease
(CKD), with HF with preserved ejection
fraction (HFpEF) accounting for half of
these cases.1 CKD is independently asso-
ciated with worse outcomes and higher
mortality rates in patients with HFpEF.2

With no proven therapies available to
improve outcome in HFpEF patients, crit-
ical questions remain unsolved across the
spectrum of HFpEF. One key question
towards providing improved care for
HFpEF is to discern whether subpopula-
tions of HFpEF should be treated accord-
ing to their pathophysiological phenotype.
By assessing cardiac, exercise capacity,
and body composition parameters and
biomarkers, we aimed to characterize the
phenotype of patients with HFpEF and
CKD in order to identify pathophysiologi-
cal mechanisms that are unique to this
group.

Seventeen HFpEF patients with nor-
mal renal function (NRF) (Male/Female:
5/12; median [IQR] Age: 54 [50 to 60]
years); N-terminal pro-brain natriuretic
peptide (NTproBNP) 110 [48 to 255] pg/
ml; estimated glomerular filtration rate
(eGFR, by CKD EPI formula) 88 [75 to
96] ml/kg/1.73m2) and 10 patients with
HFpEF and CKD (Male/Female: 5/5;
Age: 53 [47 to 67] years; NTProBNP
135.5 [33.0 to 333.3] pg/ml; eGFR 50
[42 to 57] ml/kg/1.73m2) were studied.
The investigation conformed with the
principles outlined by the Declaration of
Helsinki. Ethical approval was provided
by the Virginia Commonwealth Univer-
sity Institutional Review Board and all
participants provided written informed
consent. A conservative ramping, maxi-
mal effort cardiopulmonary exercise test
was performed on a treadmill as previ-
ously described.3 Breath-by-breath gas
analysis averaged over 10 seconds inter-
vals was acquired with an automated gas
analyzer to measure peak oxygen con-
sumption (VO2peak). Echocardiographic
Doppler measures of systolic and dia-
stolic function were performed at rest
and at immediately postexercise. Meas-
ures included left ventricular ejection
fraction, end-systolic volume index
(LVESVI), end-diastolic volume index,
mitral inflow velocities (E wave; A
wave; E/A ratio; E wave deceleration
time [DT]), early diastolic mitral annular
velocity (e’), and e’ indexed to DT
(e’DT). Diastolic function reserve index
was calculated as e’rest x D e’exercise.
Body composition was estimated by
single-frequency bioelectrical impedance
analysis. Self-reported functional status
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