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INTRODUCTION

Transcatheter aortic valve replacement (TAVR) has revolu-
tionized the care of older adults with symptomatic aortic
stenosis, enabling treatment where once there was none.1

One third of these high-risk patients remain severely symp-
tomatic or die 1 year after treatment and half of all deaths are
due to non-cardiac causes.2 TAVR patients provide a unique
opportunity to study multiple chronic conditions (MCC) for
older adults with advanced cardiovascular disease (CVD).
Here, we examine patterns of MCC present at the time of
treatment and explore associations with short- and long-term
patient-centered outcomes.

METHODS

Retrospect ive analys is of c la ims data f rom the
OptumLabs® Data Warehouse (OLDW) includes de-
identified claims data for privately insured and Medicare
Advantage enrollees in a large, private, US health plan. The
database contains longitudinal health information on
enrollees, representing a diverse mixture of ages, ethnici-
ties, and geographical regions across the USA. This study
was deemed exempt from Institutional Review Board (IRB)
review. The analytic cohort included all patients who
underwent TAVR between January 1, 2011, and December
31, 2017, and were covered by an enrolling health plan at
the time of treatment. For each patient we assessed the
presence or absence of each of the 30 component comor-
bidity claims is described by Gagne et al.3 during the 1 year
prior to TAVR. Cluster analysis was performed using the R

function poLCA, an expectation maximization algorithm
that identifies the maximum likelihood estimates of the
model parameters.4 Each TAVR patient was assigned to
the “best fit” class defined by the highest probability of
membership. Associations were assessed between cluster
membership and clinical outcomes. Mortality was assessed
as a composite from the Social Security Administration’s
Death Master File, a discharge status of “expired,” and an
EMR-based deceased indicator.

RESULTS

We identified 6910 TAVR patients for analysis. The average
age was 80.2 years and 45% were women. Over one third
(36%) of patients had > 7 comorbidities documented in the
year leading up to TAVR. Rates of re-hospitalization or death
were 16% and 26% at 30 and 90 days, respectively. One-year
mortality was 9%. Cluster analysis yielded six distinct comor-
bidity clusters (Fig. 1). The comorbidity clusters were minimal
disease (Cluster 1, n = 2232, 32%), failure to thrive (Cluster 2,
n = 1249, 18%), neuro/psych (Cluster 3, n = 778, 11%),
malignancy/thrombosis (Cluster 4, n = 1304, 19%), metabolic
syndrome (Cluster 5, n = 885, 12%), and high burden MCC
(Cluster 6, n = 452, 7%).]–>
The relationship between cluster membership and outcomes

is shown in the Table 1. Cluster 1 was the reference class.
Membership in Cluster 4 and Cluster 6 was associated with 3-
fold increased odds of prolonged LOS (OR 3.26, [95% CI
2.83–3.76] and OR 3.14, [95% CI, 2.55–3.86], respectively)
compared to Cluster 1. Membership in Cluster 6 was associ-
ated with 3.5-fold higher rate of re-hospitalization or death
following TAVR at 30 and 90 days (HR 3.54, [95% CI 2.85–
4.40] and HR 3.54, [95% CI 3.00–4.18]) compared to Cluster
1. Membership in Cluster 6 was also associated with a fourfold
increased risk of 1-year mortality compared to Cluster 1 [HR
4.13, CI (3.08–5.54)]. TAVR patients in Cluster 1 spent on
average 46.4 more days alive outside of the hospital in the year
following TAVR than did patients in Cluster 6.
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DISCUSSION

The primary finding from this study is that cluster analysis
yields novel patterns of MCC for patients with severe AS
treated with TAVR and that MCC is associated with less
favorable outcomes following treatment. Prognostically
significant comorbid conditions not routinely captured
through standard risk assessment or post-marketing sur-
veillance efforts5 are common and associated with worse
outcomes. These observations are relevant in the context

of decision-making for older adults with advanced cardiac
disease, as it is increasingly clear that some patients do
not benefit from treatment in terms of decreased symptom
burden or mortality because of competing risks from co-
morbid conditions.6 Patients with MCC who are unlikely
to do well may benefit from a broader perspective of
appropriate care since it is likely that prognosis following
TAVR is substantially affected by these conditions. The
magnitude and significance of comorbid conditions

Fig. 1 Survival curves for patients treated with TAVR according to comorbidity cluster. Comorbidities were assessed according to Gagne et al.24

Reference is Cluster 1 (minimal disease cluster)

Table 1 Cluster membership and outcomes

Cluster Prolonged LOS (> 4 days) Re-hospitalization or
death at 30 Days

Re-hospitalization or
death at 90 days

1-year mortality

N Rate OR Rate HR Rate HR Rate HR

1 2232 31.5% – 9.4% – 16.9% – 4.6% –
2 1249 39.6% 1.42 (1.23–1.64) 19.5% 2.17 (1.80–2.61) 31.5% 2.04 (1.77–2.35) 9.8% 2.19 (1.69–2.85)
3 788 37.7% 1.32 (1.11–1.56) 13.7% 1.50 (1.19–1.90) 25.8% 1.60 (1.35–1.90) 8.8% 1.98 (1.46–2.69)
4 1304 60.0% 3.26 (2.83–3.76) 19.0% 2.12 (1.76–2.54) 32.2% 2.09 (1.81–2.40) 14.4% 3.42 (2.69–4.35)
5 885 34.8% 1.16 (0.98–1.37) 14.6% 1.58 (1.27–1.96) 24.0% 1.47 (1.24–1.74) 5.9% 1.30 (0.93–1.82)
6 452 59.1% 3.14 (2.55–3.86) 29.6% 3.54 (2.85–4.40) 48.7% 3.54 (3.00–4.18) 17.3% 4.13 (3.08–5.54)

Cluster-specific outcomes. Unadjusted event rates are shown for each outcome stratified by cluster phenotype. The reference is Cluster 1. HR indicates
hazard ratio. LOS is length of stay. OR is odds ratio. 95% confidence intervals are presented
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require additional study and should be considered when
designing care for high-risk patients considering this
procedure.
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