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EDITORIAL COMMENT

Transcatheter Aortic Valve Replacement
Risk Prediction for Benchmarking
Work Under Construction*
Stuart J. Head, MD, PHD,a Nicolas M. Van Mieghem, MD, PHDb
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isk prediction in cardiovascular procedures is

valve replacement but at low risk for TAVR and vice

important for myriad reasons. Physicians

versa. Established surgical risk models, including

need risk prediction to aid clinical decision

the Society of Thoracic Surgeons Predicted Risk of

making, inform their patients and obtain informed

Mortality, European System for Cardiac Operative

consent, recruit patients in clinical trials, and

Risk Evaluation, and European System for Cardiac

evaluate outcomes that are benchmarked against

Operative Risk Evaluation II, were not calibrated for

other hospitals or health care systems. A clinical risk

patients undergoing TAVR (1). Frailty and procedural

prediction model should assess the propensity for

aspects may complement archetypical risk factors,

adverse events in an individual patient and should

such as age, sex, renal failure, and chronic obstructive

ideally be a bedside tool that includes only the

pulmonary disease, to improve risk prediction (2).

most relevant variables, which are practical and

Furthermore, models developed speciﬁcally for TAVR

measurable. However, accuracy is the most important

did show better performance than models derived

feature of a model that is used for benchmarking

from cardiac surgery populations (3–6) and: 1)

purposes, and this may require a larger number of

contributed to our overall understanding of the TAVR

variables if these would improve the accuracy of the

procedural risk; 2) it has improved decision making;

model; at this point, practicality may be subordinate

3) provided more reliable patient information; and 4)

to accuracy.

allowed accurate patient inclusion in contemporary

In the case of risk prediction for aortic valve

trials (7,8). However, the use of risk prediction for

procedures, the emergence of transcatheter aortic

benchmarking TAVR outcomes has been somewhat

valve replacement (TAVR) made risk prediction

neglected.

in clinical practice more challenging. TAVR is

The importance of benchmarking is underscored

undisputedly less invasive than surgical aortic valve

by faster adoption of novel (disruptive) technologies

replacement and disruptive to the extent that

into

new paradigms apply in terms of indications, expec-

involvement

clinical

practice,

tations, and complications. The population targeted

intriguing that within 10 years of the pioneering

for TAVR may be older, with more comorbidities, and

TAVR procedure by Alain Cribier and only 1 year

frail. Patients may be at high risk for surgical aortic

after U.S. Food and Drug Administration approval of

of

enhanced

competent

scrutiny,

authorities.

and
It

is

TAVR, more than 200 centers in the United States
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were already performing TAVR (9,10). However,
technology that is still in a development phase is less
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well established and deﬁned, with the risk of
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centers, outcomes should be adjusted for the pro-

The investigators have presented another crucial

cedural risk of the treated patient population. If risk

step toward improved risk prediction for TAVR.

prediction in benchmarking is performed with risk

However, important limitations should be recognized.

models that lack accuracy, the adjustment may not

The fact that the majority of centers participating in

overcome the positive bias toward centers that

the TVT Registry were excluded from the analysis is

include

Sophisticated,

notable and a potential important bias. Furthermore,

comprehensive risk prediction models are therefore

this proposed prediction model was based largely on

crucial for appropriate adjustment.

clinical variables, yet important anatomic variables

only

low-risk

patients.

such as the height of the coronary arteries (especially

SEE PAGE 581

for procedures in degenerated bioprosthetic valves),
In this issue of JACC: Cardiovascular Interventions,
Arnold et al. (11) propose a novel risk prediction
model with the goal of risk adjustment of TAVR
outcomes that could be used for benchmarking
purposes. The novel model was used to predict
30-day mortality, which might be more reliable for
benchmarking purposes than in-hospital mortality
because of different discharge protocols among
hospitals or than 1-year mortality because the impact
of the procedure is confounded by events during
follow-up caused by comorbidities of patients (4).
Another strength of the analysis was that the
data were derived from the TVT (Transcatheter Valve
Therapy) Registry in the United States, which
includes clinical variables and assessments of frailty
and functional status by means of the Kansas City
Cardiomyopathy Questionnaire.

the angle of the ascending aorta and aortic root tract
calciﬁcation, percentage of oversizing, and others
were not addressed (12,13). Future studies will
be required to determine whether the inclusion of
additional anatomic variables in a more reﬁned
and comprehensive model could improve overall
risk model performance, like the anatomic SYNTAX
(Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery) score and
combined clinical and anatomic SYNTAX II score in
coronary artery disease (14).
One of the most important ﬁndings of the study
was that adjusted TAVR outcomes were comparable
among the participating centers. The rapid TAVR
uptake and dispersion apparently did not jeopardize
quality or safety. Reassuring as this may be, the
present study included only 188 of the 450 centers

Of the 450 sites in the United States that performed
TAVR through 2013 to 2016, the investigators included
188 sites with near-complete data on the Kansas City
Cardiomyopathy Questionnaire, frailty, and 30-day
mortality. Among the 21,661 real-world patients,
mortality at 30 days was 4.7% (n ¼ 1,025). In a development cohort that consisted of 70% of the patients, a
multivariable model identiﬁed a number of clinical
characteristics, moderate or severe tricuspid insufﬁciency, pre-operative functional status, inability to
walk, pre-operative platelet count, and nonfemoral
access as independent predictors of mortality. The
model showed moderate to good performance, with a C

participating in the TVT Registry. Conceivably,
underperforming centers that would require additional guidance and surveillance might have been
excluded from this analysis because of incomplete
data completion. External validation studies will be
important to evaluate whether results within the TVT
Registry can be extrapolated to other geographies
with different practices and health care systems and
allow benchmarking between countries. Therefore,
Arnold et al. (11) should be commended for this
important contribution to the development of a TAVR
risk prediction model used for benchmarking, which
remains a work under construction.

statistic of 0.71 and good calibration with dependable
observed versus expected mortality ratios throughout
the spectrum of risk (range: 1.1% to 13.8%). In the
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