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ABSTRACT

BACKGROUND A series of models have been developed to identify patients at high risk for poor outcomes after

transcatheter aortic valve replacement (TAVR) to help guide treatment choices, offer patients realistic expectations of

long-term outcomes, and support decision making.

OBJECTIVES This study examined the performance of the previously developed TAVR Poor Outcome risk models in an

external dataset and explored the incremental contribution of geriatric domains to model performance.

METHODS Poor outcome after TAVR was defined as death, poor quality of life (QOL), or decline in QOL, as assessed

using the Kansas City Cardiomyopathy Questionnaire. We tested 4 TAVR Poor Outcome risk models: 6-month and 1-year

full and clinical (reduced) models. We examined each model’s discrimination and calibration in the CoreValve trial dataset,

and then tested the incremental contribution of frailty and disability markers to the model’s discrimination using the

incremental discrimination index.

RESULTS Among 2,830 patients who underwent TAVR in the CoreValve US Pivotal Extreme and High Risk trials and

associated continued access registries, 31.2% experienced a poor outcome at 6 months following TAVR (death, 17.6%;

very poor QOL, 11.6%; QOL decline, 2.0%) and 50.8% experienced a poor outcome at 1 year (death, 30.2%; poor QOL,

19.6%; QOL, decline 1.0%). The models demonstrated similar discrimination as in the Placement of Aortic Transcatheter

Valves Trial cohorts (c-indexes, 0.637 to 0.665) and excellent calibration. Adding frailty as a syndrome increased the

c-indexes by 0.000 to 0.004 (incremental discrimination index, p < 0.01 for all except the 1-year clinical model), with

the most important individual components being disability and unintentional weight loss.

CONCLUSIONS Although discrimination of the TAVR Poor Outcome risk models was generally moderate, calibration

was excellent among patients with different risk profiles and treated with a different TAVR device. These findings

demonstrated the value of these models for individualizing outcome predictions in high-risk patients undergoing TAVR.
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O ver the past decade, transcatheter aortic
valve replacement (TAVR) has emerged as
a less invasive option for aortic valve

replacement and is currently approved in the United
States for patients at high or extreme risk of
morbidity or mortality with conventional surgical
aortic valve replacement. Several randomized trials
have demonstrated that TAVR substantially reduces
mortality and improves quality of life (QOL) as
compared with medical therapy among patients
considered to be inoperable (1), outcomes that are
similar or superior to those of surgical aortic valve
replacement in high-risk patients (2,3). Nonetheless,
some patients do not improve functionally or live
long following TAVR, with approximately 1 in 4 pa-
tients treated with TAVR dying within 1 year (4).
Moreover, despite substantial improvement in QOL
for many patients, a sizeable minority continues to
experience significant heart failure symptoms, with
associated functional limitation and poor QOL (5–9).

Consequently, there is considerable interest in
developing methods to identify patients at high risk
of poor outcomes post-TAVR (10–13). A series of TAVR
poor outcome risk models have been developed using
data from the PARTNER (Placement of Aortic Trans-
catheter Valve) trials. Based on pre-procedural char-
acteristics, these models were designed to identify
such individuals (7) to help guide treatment choices
and offer patients realistic expectations of outcomes
based on their personal characteristics. Unlike previ-
ous studies that focused solely on mortality (14,15),
these models integrated both mortality and health
status into a single construct (16). This outcome is
particularly relevant in this elderly population,
because one of the principal benefits of treatment is
to improve patient health status. Although these
models had moderate discrimination and good cali-
bration with the observed data, external validation
could not be performed, nor were other potentially
important predictors examined, such as frailty and
disability, which have demonstrated prognostic
importance (17).

To address these knowledge gaps, we used data
from the CoreValve U.S. Pivotal Extreme and High
Risk trials and their associated continued access reg-
istries to examine the performance of the prior
models in a distinct and broader patient population.
Additionally, we sought to determine the incremental
contribution of integrating geriatric domains, such
as gait speed and disability, in the risk models. Our
ultimate goal was to develop models that could be
deployed at the bedside.

METHODS

The specific details of the CoreValve trials
have been published previously (18,19).
Briefly, patients had severe, symptomatic
aortic stenosis (AS) and were estimated to be
at high (estimated 30-day risk of mortality
of $15%) or extreme (estimated 30-day risk of
mortality or irreversible morbidity of $50%)
surgical risk. Patients in the high-risk trial
were randomized to TAVR versus surgical
aortic valve replacement; after the random-
ized trial was enrolled, subsequent patients
underwent TAVR as part of a continued ac-
cess registry. All patients in the extreme-risk
cohort underwent TAVR. Our study included only
patients who underwent an attempted TAVR pro-
cedure, performed using the self-expanding system
(CoreValve, Medtronic, Inc., Minneapolis, Minne-
sota). The study was approved by the institutional
review board at each site, and all patients provided
written informed consent before participation.

HEALTH STATUS, FUNCTIONAL STATUS, AND MEMORY.

Disease-specific health status was assessed at base-
line, 1 month, 6 months, and 1 year after enrollment
using the Kansas City Cardiomyopathy Questionnaire
(KCCQ) (20). The overall KCCQ summary score (KCCQ-
OS) was the primary health status outcome for this
study. KCCQ-OS values ranged from 0 to 100; higher
scores indicated fewer symptoms and better QOL.
The KCCQ-OS score generally correlated with New
York Heart Association functional class as follows:
class I, KCCQ-OS 75 to 100; class II, 60 to 74; class III,
45 to 59; and class IV, 0 to 44 (21,22). Changes in the
KCCQ-OS of 5, 10, and 20 points correspond with
small, moderate, or large clinical improvements,
respectively (22).

Generic health status was assessed with the Medi-
cal Outcomes Study Short Form-12 Health Survey (23).
Functional status was assessed using a 6-min walk
test (6MWT), with patients permitted to use assist
devices (e.g., walkers, canes), if needed (24). If a pa-
tient could not perform the test, the value for the
6MWT distance was set to 0 m. Memory was tested
using the Mini-Mental State Examination (MMSE) and
scores were categorized as normal, mild dementia, or
severe dementia (MMSE 28 to 30, 19 to 27, 0 to 18,
respectively) (25).

FRAILTY AND DISABILITY. A syndrome of decreased
physiologic reserve, frailty is generally assessed
through a range of geriatric domains including
slowness, weakness, unintentional weight loss,
exhaustion, and inactivity (26). Frailty, as a syndrome,
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6MWT = 6-min walk test

ADLs = activities of daily living

AS = aortic stenosis

IDI = integrated discrimination

improvement

KCCQ-OS = Kansas City

Cardiomyopathy

Questionnaire-overall summary

score

MMSE = Mini-Mental State

Examination

TAVR = transcatheter aortic

valve replacement
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