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ABSTRACT

OBJECTIVES This study sought to characterize the long-term effect of chronic lung disease (CLD) on mortality, clinical

outcomes, quality of life, and health benefits after transcatheter aortic valve replacement (TAVR) with a self-expanding

bioprosthesis.

BACKGROUND The long-term effect of CLD after TAVR is unknown.

METHODS Prevalence and severity of CLD was determined at baseline in high- and extreme-risk patients with aortic

stenosis from the CoreValve US Pivotal Trial. Clinical outcomes and health status were assessed using the Kansas City

Cardiomyopathy Questionnaire overall summary score (KCCQ-OS). A favorable health benefit was defined as alive with a

KCCQ-OS $60 and stability (<10-point decrease) or improvement in the KCCQ-OS from baseline.

RESULTS CLD was present in 55% (20% mild, 13% moderate, 22% severe) of the 1,030 patients studied. All-cause

mortality was higher in patients with moderate and severe CLD at 1 year (19.6% mild, 28.1% moderate, 26.9% severe

CLD vs. 19.2% non-CLD; p ¼ 0.030) and 3 years (44.8% mild, 53.0% moderate, 51.9% severe vs. 37.7% non-CLD;

p < 0.001). New York Heart Association functional class improved in more than 80% of patients with CLD at 1 and 3

years. All patients had a nearly 20-point improvement in KCCQ-OS at 1 and 3 years. However, only 43.3% of patients with

CLD had a favorable health benefit at 1 year and 22.5% at 3 years.

CONCLUSIONS Moderate and severe CLD increases 1- and 3-year mortality after TAVR. Although functional status and

quality of lifewere improved inCLDat1 and3years after TAVR,a favorablehealthbenefitwasonlyachieved in selectedpatients.

(Safety and Efficacy Study of the Medtronic CoreValve System in the Treatment of Symptomatic Severe Aortic Stenosis in High

Risk and Very High Risk Subjects Who Need Aortic Valve Replacement; NCT01240902) (J Am Coll Cardiol Intv 2017;-:-–-)

© 2017 by the American College of Cardiology Foundation.

From the aDivison of Cardiac Surgery, Wexner Medical Center, The Ohio State University, Columbus, Ohio; bThe Departments of

Internal Medicine (Cardiovascular Division) and Surgery (Cardiovascular Surgery), Beth Israel Deaconess Medical Center, Boston,

Massachusetts; cDepartment of Cardiovascular Surgery, Mount Sinai Health System, New York, New York; dDepartment of Cardiac

Surgery, University of Michigan Medical Center, Ann Arbor, Michigan; eDepartment of Cardiovascular and Thoracic Surgery,

Pinnacle Health, Harrisburg, Pennsylvania; fStatistical Services, Medtronic, Minneapolis, Minnesota; and the gDepartment of

Cardiac Surgery, Houston-Methodist-Debakey Heart and Vascular Center, Houston, Texas. Funded by Medtronic, Minneapolis,

Minnesota. Dr. Crestanello serves on a medical advisory board and has received research grants from Medtronic. Dr. Popma has

received grant support to his institution from Medtronic, Boston Scientific, Abbott, and Direct Flow Medical; has served on the

medical advisory board for Boston Scientific; and has served as a consultant for Direct Flow Medical. Dr. Adams reports that the

Icahn School of Medicine at Mount Sinai receives royalty payments from Medtronic for intellectual property related to Dr. Adam’s

involvement in the development of a tricuspid repair ring; the Icahn School of Medicine at Mount Sinai receives royalty payments

from Edwards Lifesciences for intellectual property related to Dr. Adam’s involvement in the development of 2 mitral repair rings;

serves as the national co-principal investigator of the Medtronic CoreValve US Pivotal Trial; serves as the national co-principal

investigator of the Medtronic Twelve Intrepid TMVR Pivotal Study; and serves as the National co-principal investigator of the

NeoChord DS1000 System Study. Dr. Deeb has served on an advisory board and as a proctor for Medtronic; is a consultant and

research investigator for Edwards Lifesciences; is a consultant and proctor for Terumo; is a research investigator for Gore Medical;

served as an investigator in the Pivotal Trial; and served on the screening and steering committee for the Pivotal Trials with

Medtronic. Dr. Mumtaz has received consulting fees, proctoring fees, honoraria, and research support from Abbott, Atricure,

Direct Flow Medical, Edwards Lifesciences, and Medtronic. Dr. Huang is an employee and shareholder of Medtronic. Dr. Reardon

serves on a medical advisory board for Medtronic. All other authors have reported that they have no relationships relevant to the

contents of this paper to disclose.

Manuscript received March 3, 2017; revised manuscript received May 31, 2017, accepted July 2, 2017.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . - , N O . - , 2 0 1 7

ª 2 0 1 7 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O U N D A T I O N

P U B L I S H E D B Y E L S E V I E R

I S S N 1 9 3 6 - 8 7 9 8 / $ 3 6 . 0 0

h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j . j c i n . 2 0 1 7 . 0 7 . 0 2 5

https://clinicaltrials.gov/ct2/show/NCT01240902?term=NCT01240902&amp;rank=1
http://dx.doi.org/10.1016/j.jcin.2017.07.025


C hronic lung disease (CLD) is com-
mon in patients with severe aortic
stenosis treated by transcatheter

aortic valve replacement (TAVR) or surgical
aortic valve replacement (1–3). Although
many patients are considered for TAVR based
on the severity of their lung disease, CLD has
been associated with increased early and
1-year mortality after TAVR (4–6). In addi-
tion, the clinical symptoms of CLD and aortic
stenosis overlap and some patients do not
improve symptomatically after resolution of
the aortic stenosis. Thus, it is unclear
whether patients with severe aortic stenosis
and severe CLD achieve long-term clinical
benefits after TAVR.

Recent reports from the CoreValve US Pivotal Trial
showed that TAVR with a self-expanding bio-
prosthesis improved quality of life and health status
in surviving patients at 1 year (7,8). It remains unan-
swered whether patients with CLD achieved similar
improvements in their quality of life.

The aims of these analyses were to evaluate the
long-term effect of CLD on clinical outcomes and
quality of life and health benefits after TAVR.
Improvement in quality of life is of particular
importance because the underlying lung disease may
compromise the symptomatic benefits seen after
TAVR.

METHODS

Patients with severe aortic stenosis enrolled in the
CoreValve US Pivotal Extreme Risk or High Risk Trial
and treated with TAVR between 2011 and 2014 were
included in this analysis (3,9). TAVR was performed
with a CoreValve self-expanded bioprosthesis via an
iliofemoral, subclavian, or direct aortic approach
(3,9).

Inclusion and exclusion criteria were previously
described (3,9). Patients with symptomatic (New York
Heart Association [NYHA] functional class II or
greater) severe aortic stenosis considered at extreme
or high risk for surgery were eligible. Extreme-risk
patients were considered to have a surgical risk of
death or irreversible morbidity $50% at 30 days.
High-risk patients were considered to have a $15%
surgical mortality rate at 30 days. Severe aortic ste-
nosis was defined as an aortic valve area #0.8 cm2 or
aortic valve index #0.5 cm2/m2 and either a mean
aortic valve gradient >40 mmHg or a peak aortic
valve velocity >4.0 m/s at rest or with dobutamine.
Principal exclusion criteria were a gastrointestinal
hemorrhage within the prior 3 months, a major stroke

within the prior 6 months, or a life expectancy <1 year
because of comorbidities.

ASSESSMENT OF CLD SEVERITY. The severity of CLD
was categorized using the Society of Thoracic Sur-
geons (STS) adult database classification (10). The STS
database categorizes CLD as mild, moderate, or se-
vere CLD (10). Mild CLD was defined as forced expi-
ratory volume in 1 s (FEV1) between 60% and 75% of
predicted, and/or on chronic inhaled or oral bron-
chodilator therapy. Moderate CLD was defined as
FEV1 50% to 59% of predicted, and/or on chronic
steroid therapy aimed at lung disease. Severe CLD
was defined as FEV1 <50% predicted, and/or room air
PaO2 <60 mm Hg or room air PaCO2 >50 mm Hg. Per-
centage predicted FEV1 was calculated using the
Hankinson et al. (11) formula. Percentage predicted
diffusing capacity of the lungs for carbon monoxide
(DLCO) was documented by the investigational site.

CLINICAL OUTCOMES. Clinical outcomes at 30 days,
1 year, and 3 years were evaluated by STS CLD
severity at baseline. Outcomes evaluated included
all-cause and cardiovascular mortality, stroke, major
adverse cardiovascular and cerebrovascular events
(composite of any death, any stroke, myocardial
infarction, or reintervention), aortic valve–related
rehospitalizations, and changes in NYHA functional
class over time.

QUALITY OF LIFE AND HEALTH BENEFIT. Quality of
life outcomes were evaluated at baseline, 1 year, and
3 years using the Kansas City Cardiomyopathy Ques-
tionnaire (KCCQ) (12). The KCCQ is a 23-item self-
administered questionnaire that assesses symptoms,
functional status, and quality of life in patients with
heart failure, including those with severe, symptom-
atic aortic stenosis (12). The KCCQ assesses specific
health domains (physical limitation, symptoms,
quality of life, social limitation, and self-efficacy), the
first 4 of which are combined into an overall summary
score. Values for all KCCQ domains and the summary
score range from 0 to 100, with higher scores indi-
cating less symptom burden and better quality of life.
The KCCQ overall summary score generally correlates
with NYHA functional class as follows: class I, KCCQ
75 to 100; class II, 60 to 74; class III, 45 to 59; and class
IV, 0 to 44 (13,14). Changes in the KCCQ overall
summary score of 5, 10, and 20 points correspond to
small, moderate, or large clinical improvements,
respectively (13,14). We used a composite outcome of
survival and quality of life to evaluate health benefit
at 1 and 3 years. A favorable health benefit was
defined as all of the following at 1 and 3 years: 1) alive;
2) KCCQ overall summary score $60 (roughly
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