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Transcatheter aortic valve replacement (TAVR) is the standard of care for severe, symptomatic aortic stenosis. Real-world

TAVR data collection contributes to benefit/risk assessment and safety evidence for the U.S. Food and Drug Adminis-

tration, quality evaluation for the Centers for Medicare and Medicaid Services and hospitals, as well as clinical research and

real-world implementation through appropriate use criteria. The essential minimum core dataset for these purposes has

not previously been defined but is necessary to promote efficient, reusable real-world data collection supporting quality,

regulatory, and clinical applications. The authors performed a systematic review of the published research for high-impact

TAVR studies and U.S. multicenter, multidevice registries. Two expert task forces, one from the Predictable and Sus-

tainable Implementation of National Cardiovascular Registries/Heart Valve Collaboratory and another from The Society of

Thoracic Surgeons/American College of Cardiology TVT (Transcatheter Valve Therapy) Registry convened separately and

then met to reconcile a final list of essential data elements. From 276 unique data elements considered, unanimous

consensus agreement was achieved on 132 “core” data elements, with the most common reasons for exclusion from the

minimum core dataset being burden or difficulty in accurate assessment (36.9%), duplicative information (33.3%), and

low likelihood of affecting outcomes (10.7%). After a systematic review and extensive discussions, a multilateral group of

academicians, industry representatives, and regulators established 132 interoperable, reusable essential core data ele-

ments essential to supporting more efficient, consistent, and informative TAVR device evidence for regulatory submis-

sions, safety surveillance, best practice, and hospital quality assessments. (J Am Coll Cardiol Intv 2022;15:685–697)
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HIGHLIGHTS

� Core data elements to meet TAVR
quality, regulatory, and clinical needs are
lacking.

� A multilateral stakeholder group has
established 132 core data elements.

� TAVR core data elements can reduce data
burden while maintaining evidence
generation.

ABBR EV I A T I ON S

AND ACRONYMS

ACC = American College of

Cardiology

CMS = Centers for Medicare

and Medicaid Services

DCF = data collection form

EHR = electronic health record

FDA = U.S. Food and Drug

Administration

NCD = national coverage

determination

STS = The Society of Thoracic

Surgeons

TAVR = transcatheter aortic

valve replacement
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T ranscatheter aortic valve replace-
ment (TAVR) is a transformative
medical device technology that has

revolutionized the care of aortic stenosis,
and it has matured from a breakthrough tech-
nology to a broadly applicable standard of
care. Regulatory approvals of TAVR by
the U.S. Food and Drug Administration
(FDA) and reimbursement provided by the
Centers for Medicare and Medicaid Services
(CMS) created significant interest in more
efficient, higher quality real-world data
collection to help fulfill postmarket
surveillance and coverage with evidence
development requirements. Additionally,
TAVR was developed and approved in the
context of a novel multidisciplinary heart team
concept of clinical care. The combination of the initial
clinical introduction of a novel, transformational
medical device and a novel clinical pathway of care
also suggested a need for hospital quality assessment
and benchmarking. To create a uniquely comprehen-
sive system of data collection to meet these needs as
well as insight on novel developments and indica-
tions for use, The Society of Thoracic Surgeons (STS)
and the American College of Cardiology (ACC), in
collaboration with the FDA, CMS, and industry, hos-
pital, and patient partners, combined to create the
TVT (Transcatheter Valve Therapy) Registry, a
groundbreaking multistakeholder registry.

However, as TAVR has matured from a break-
through technology to a standard of care for severe,
symptomatic, aortic stenosis,1 the overlap in what
real-world data are needed for clinical, quality, and
regulatory evidence has evolved. Early studies of
TAVR used more extensive case report forms than
contemporary pivotal approval trials. The TVT
Registry’s efforts to include and balance the needs
of stakeholders such as the FDA, CMS, industry, and
professional societies have also focused on the
imperative for contemporary efficiency in TAVR
data collection on patients, procedures, and out-
comes, which has become redundant and burden-
some for clinical sites. Currently, sites collect
nearly identical data for: 1) clinical documentation
entered into electronic health records (EHR); 2)
quality metrics to satisfy CMS national coverage
determination (NCD) and coverage with evidence
development requirements documentation entered
into the TVT Registry2,3; and 3) case report forms in
patients participating in prospective TAVR device
studies.

To meet the needs of the evolving field of TAVR
and lower data capture burdens while enhancing the
quality of evidence applied to clinical trials, quality
assessment, and regulatory decisions, a collaboration
across the PASSION CV (Predictable and Sustainable
Implementation of National Cardiovascular Regis-
tries) Lean Valve Data Collection Form Initiative, the
HVC (Heart Valve Collaboratory) (a multidisciplinary
collaboration among academic physicians, industry
partners, and regulators), and the STS/ACC TVT
Registry sought to: 1) define a basic aortic valve
dataset by conducting a systematic research and data
collection form (DCF) review that informed
consensus identification of minimum core data ele-
ments; 2) implement the results of the consensus
process into the TVT Registry; and 3) deliver a peer-
reviewed document into the public domain delin-
eating the process, the minimum core data elements
comprising the basic (essential) dataset, and the data
elements excluded from the basic dataset. This first
report represents the completion of this process for
TAVR.

METHODS

SYSTEMATIC RESEARCH REVIEW. A systematic re-
view of the published research based on the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses statement4 was undertaken to identify
those data elements most frequently reported across
scientific reports of TAVR procedures.

The following criteria were used to build the search
strategy: 1) the population included patients with
aortic stenosis; 2) the intervention studied was TAVR
in native valves; 3) the control groups in randomized
studies were surgical aortic valve replacement, TAVR
with a different device, or medical management; 4)
no specific outcomes were selected; and 5) studies
included were randomized or well-conducted pro-
spective observational studies, evaluating current
FDA-approved devices, with a minimum of 1-year
clinical follow-up, and published in the New England
Journal of Medicine, The Lancet, or JAMA. When
multiple follow-up studies of the same trial were



FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses Diagram of the Systematic Review of

Published Research

A total of 17 studies fulfilled the criteria of prospective randomized or observational trials, evaluating transcatheter aortic valve replacement

in native severe aortic stenosis patients, and published in the New England Journal of Medicine, The Lancet, or JAMA. FDA ¼ U.S. Food and

Drug Administration.
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available, both the original study and the most recent
follow-up study were included. Results were limited
to these 3 journals under the rationale that although
they do not contain every informative study of TAVR,
they do represent all of the pivotal device trials of
TAVR and therefore reflect those variables necessary
to meet the clinical and regulatory bar for establish-
ing the efficacy and safety of TAVR devices.

The database used for the search was PubMed/
MEDLINE, ranging from January 1, 2009, to
September 1, 2020. The complete search strategy with
specific terms used is available in the Supplemental
Appendix. Three reviewers systematically identified
titles in the database search, removed duplicates,
screened abstracts, and confirmed eligibility through
the evaluation of the full text (Supplemental Table 1).
When there was disagreement, a fourth reviewer
made the final decision to include or exclude the
study. In addition, we included the TVT Registry DCF,
as the TVT Registry contains more than 98% of TAVR
sites in the United States,5 incorporates the Valve
Academic Research Consortium definitions, and has
provided evidence for both quality and regulatory
applications. ClinicalTrials.gov was searched to
identify any additional observational clinical regis-
tries currently active in the United States, recruiting
TAVR patients, and device agnostic. The search
strategy is available in the Supplemental Appendix.

SYNTHESIS OF DATA ELEMENTS. After study selec-
tion was completed, 3 reviewers meticulously
searched, selected for, and harmonized data elements
across all included studies. The collected data ele-
ments were reconciled and harmonized with the DCF
of the STS/ACC TVT Registry version 3.0 for TAVR,
the only active registry identified by our search
(see “Results”).

DETERMINATION OF MINIMUM CORE AND

COMPREHENSIVE DATA ELEMENTS. A task force
appointed by the Lean Aortic Valve DCF PASSION
CV/HVC team, composed of academic researchers in
structural heart disease institutionally supported by
the Cardiovascular Research Foundation, the Baylor
College of Medicine, the Duke Clinical Research
Institute, industry representatives, and FDA staff
members, reviewed all collected data elements and
the number of appearances in published papers and
DCFs. The TAVR data elements were grouped into 3
domains: baseline data (demographics and comor-
bidities, laboratory tests and imaging), procedural
data, and follow-up data (outcomes, laboratory tests
and imaging).

https://doi.org/10.1016/j.jcin.2022.01.014
https://doi.org/10.1016/j.jcin.2022.01.014
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TABLE 1 Selected Studies

First Author Title Year N Population Intervention Device Randomized Timing

Leon et al6 PARTNER IB 2010 358 Inoperable severe
aortic stenosis

TAVR vs medical therapy SAPIEN Yes 1 y

Smith et al7 PARTNER IA 2011 699 High-risk severe
aortic stenosis

TAVR vs SAVR SAPIEN Yes 1 y

Gilard et al15 FRANCE 2 2012 3,195 High-risk severe
aortic stenosis

TAVR SAPIEN,
CoreValve

No 1 y

Adams et al16 U.S. CoreValve
High Risk Study

2014 795 High-risk severe
aortic stenosis

TAVR vs SAVR CoreValve Yes 1 y

Holmes et al17 TVT Registry 2015 12,182 Severe aortic stenosis TAVR Not specified No 1 y

Kapadia et al18 PARTNER IB 2015 358 Inoperable severe
aortic stenosis

TAVR vs medical therapy SAPIEN Yes 5 y

Mack et al19 PARTNER IA 2015 699 High-risk severe
aortic stenosis

TAVR vs SAVR SAPIEN Yes 5 y

Leon et al20 PARTNER IIA 2016 2,032 Intermediate-risk severe
aortic stenosis

TAVR vs SAVR SAPIEN XT Yes 1 y

Thourani et al21 SAPIEN 3
Intermediate Risk

2016 1,710 Intermediate-risk severe
aortic stenosis

TAVR vs SAVR SAPIEN 3 No 1 y

Regueiro et al22 Infectious Endocarditis Registry 2016 250 Severe aortic stenosis TAVR SEV, BEV No 2 y

Reardon et al8 SURTAVI 2017 1,746 Intermediate-risk severe
aortic stenosis

TAVR vs SAVR CoreValve, Evolut Yes 2 y

Chakravarty et al9 RESOLVE and SAVORY registries 2017 931 Severe aortic stenosis TAVR vs SAVR Multiple No Mean follow-up
of 540 d

Feldman et al10 REPRISE III 2018 912 Extreme or high-risk severe
aortic stenosis

TAVR with MEV vs
TAVR with SEV

Lotus Yes 1 y

Inohara et al11 TVT RAS Inhibitor 2018 15,896 Severe aortic stenosis TAVR Not specified No 1 y

Popma et al12 Low-Risk Evolut Trial 2019 1,468 Low-risk severe
aortic stenosis

TAVR vs SAVR Evolut Yes 2 y

Mack et al13 PARTNER III 2019 1,000 Low-risk severe
aortic stenosis

TAVR vs SAVR SAPIEN 3 Yes 1 y

Makkar et al14 PARTNER IIA 2020 2,032 Intermediate-risk severe
aortic stenosis

TAVR vs SAVR SAPIEN XT Yes 5 y

FRANCE ¼ French Aortic National CoreValve and Edwards; MEV ¼ mechanically expandable valve; PARTNER ¼ Placement of Aortic Transcatheter Valve; RAS ¼ renin-angiotensin system; REPRISE
III ¼ Repositionable Percutaneous Replacement of Stenotic Aortic Valve Through Implantation of Lotus� Valve System - Randomized Clinical Evaluation; RESOLVE ¼ Assessment of Transcatheter and
Surgical Aortic Bioprosthetic Valve Thrombosis and Its Treatment With Anticoagulation; SAVORY ¼ Subclinical Aortic Valve Bioprosthesis Thrombosis Assessed With 4D CT; SAVR ¼ surgical aortic valve
replacement; SEV ¼ self-expandable valve; SURTAVI ¼ Surgical Replacement and Transcatheter Aortic Valve Implantation; TAVR ¼ transcatheter aortic valve implantation; TVT ¼ Transcatheter Valve
Therapy.
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The task force discussed individual data elements
in weekly teleconferences, reaching consensus on
whether to include each element as a “basic core
dataset” (eg, essential minimum core) or “compre-
hensive dataset” (additional data elements pertinent
to some, but not all, applications). Specifically, a data
element was included in the proposed basic (essential
minimum core) dataset only if a unanimous consensus
of all committee members was reached on its impor-
tance to the stated clinical, quality, and regulatory
applications. Conversely, unanimous consensus was
also required for all data elements excluded from the
basic core dataset. An independent team organized
by the leadership of the STS/ACC TVT Registry,
composed of TVT Registry steering committee mem-
bers, academic leaders in structural heart disease, TVT
Registry staff members, and members of the TVT
Registry analytical center, but not from industry or
from the FDA, performed a similar consensus evalua-
tion of data elements. The full list of participants, af-
filiations, and functions is available in Supplemental
Table 1. The final designations of “basic core data-
set” and “comprehensive dataset” represent unani-
mous consensus between the 2 independent groups,
and the rationale for rejection of data elements from
either of these designations was recorded according to
the definitions given in Supplemental Table 2.

RESULTS

SYSTEMATIC RESEARCH AND REGISTRY DCF

REVIEW. A total of 326 studies were identified in the
PubMed search (Figure 1). No duplicates were present,
and all were screened on the basis of the title and

https://doi.org/10.1016/j.jcin.2022.01.014
https://doi.org/10.1016/j.jcin.2022.01.014
https://doi.org/10.1016/j.jcin.2022.01.014


FIGURE 2 Flowchart of Minimum Core Element Selection

After initial separate element selection, the Heart Valve Collaboratory and the TVTR (Transcatheter Valve Therapy Registry) task forces

unanimously agreed on a minimum core element set of 132 elements. ACC ¼ American College of Cardiology; STS ¼ The Society of Thoracic

Surgeons; TAVR ¼ transcatheter aortic valve replacement.
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abstract for inclusion. Studies not relevant to the
topic (n ¼ 176) and papers that did not consist of
original research (n ¼ 109) were excluded. A total of
41 full-text papers were evaluated for eligibility. Of
these, a total of 17 studies fulfilled the inclusion
criteria and were selected for qualitative analysis.6-22

Selected studies are described in Table 1. In terms of
registries, 5 entries were identified in our Clinical-
Trials.gov search. Only the TVT Registry fulfilled the
criteria of an ongoing, prospective, device-agnostic,
national registry in the United States.

ELEMENT FREQUENCY AND SELECTION. A total of
276 data elements were identified in the aortic
research review and TVT Registry 3.0 form, appearing
1,054 times in the papers and DCFs (Supplemental
Table 3). Among the 276 data elements, 216 are pre-
sent in the TVT Registry 3.0 form (57 baseline de-
mographics and comorbidities, 35 baseline laboratory
tests and imaging, 25 procedural, 79 follow-up out-
comes, and 20 follow-up laboratory tests and
imaging). The majority (74.6%) appeared <5 times in
our search, with only 4.0% of data elements appear-
ing 15 or more times.

MEETING OF PASSION CV/HVC AND TVT REGISTRY

TASK FORCES. The Lean Aortic DCF PASSION CV/
HVC task force initially considered 79 of the identified
data elements as basic (minimum core) (22 baseline
demographics and comorbidities, 6 baseline labora-
tory tests and imaging, 9 procedural, 30 follow-up
outcomes, and 12 follow-up laboratory tests and im-
aging; 24 part of the risk model), and the TVT Registry
task force considered 160 as basic (minimum core)
dataset elements (48 baseline demographics and
comorbidities, 16 baseline laboratory tests and imag-
ing, 12 procedural, 72 follow-up outcomes, and 12
follow-up laboratory tests and imaging; 44 of these
variables constituted the complete risk model)
(Figure 2). Among the 160 data elements selected as
basic (minimum core) by TVT Registry, the Lean
Aortic DCF PASSION CV/HVC task force initially

https://doi.org/10.1016/j.jcin.2022.01.014
https://doi.org/10.1016/j.jcin.2022.01.014


TABLE 2 Core Variables: Baseline

Category

Number of
Appearances in
Literature/TVT

Registry

Agea Baseline, demographics, and comorbidities 18

Sexa Baseline, demographics, and comorbidities 18

STS score/surgical risk Baseline, demographics, and comorbidities 15

NYHA functional classa Baseline, demographics, and comorbidities 15

Race/ethnicitya Baseline, demographics, and comorbidities 4

Heighta Baseline, demographics, and comorbidities 1

Weighta Baseline, demographics, and comorbidities 1

Previous strokea Baseline, demographics, and comorbidities 15

Peripheral arterial diseasea Baseline, demographics, and comorbidities 14

Diabetes mellitusa Baseline, demographics, and comorbidities 10

Home oxygen usea Baseline, demographics, and comorbidities 9

Congestive heart failure Baseline, demographics, and comorbidities 4

Cardiogenic shock Baseline, demographics, and comorbidities 1

Symptoms of aortic stenosis present Baseline, demographics, and comorbidities 1

Chest wall deformity/hostile chesta Baseline, demographics, and comorbidities 6

Extensively calcified aorta/
porcelain aortaa

Baseline, demographics, and comorbidities 5

Dialysisa Baseline, demographics, and comorbidities 4

Carotid artery stenosisa Baseline, demographics, and comorbidities 2

Chronic lung diseasea Baseline, demographics, and comorbidities 2

Endocarditisa Baseline, demographics, and comorbidities 2

Smokera Baseline, demographics, and comorbidities 1

Previous myocardial infarctiona Baseline, demographics, and comorbidities 13

Previous CABGa Baseline, demographics, and comorbidities 13

Previous PCIa Baseline, demographics, and comorbidities 11

Atrial fibrillation/atrial fluttera Baseline, demographics, and comorbidities 15

Permanent pacemakera Baseline, demographics, and comorbidities 14

Implantable cardioverter
defibrillatora

Baseline, demographics, and comorbidities 3

Previous SAVR Baseline, demographics, and comorbidities 3

Previous TAVR Baseline, demographics, and comorbidities 1

Previous BAV Baseline, demographics, and comorbidities 6

Previous aortic valve procedurea Baseline, demographics, and comorbidities 2

Number or prior open heart cardiac
proceduresa

Baseline, demographics, and comorbidities 2

Previous valve surgerya Baseline, demographics, and comorbidities 2

Previous aortic valve repair surgery Baseline, demographics, and comorbidities 1

Aortic valve transcatheter
intervention

Baseline, demographics, and comorbidities 1

Mitral valve procedure Baseline, demographics, and comorbidities 1

Mitral valve annuloplasty ring
surgery

Baseline, demographics, and comorbidities 1

Mitral valve repair surgery Baseline, demographics, and comorbidities 1

Mitral valve replacement surgery Baseline, demographics, and comorbidities 1

Mitral valve transcatheter
intervention

Baseline, demographics, and comorbidities 1

Pulmonic valve procedure Baseline, demographics, and comorbidities 1

Tricuspid valve procedure Baseline, demographics, and comorbidities 1

KCCQ scorea Baseline, demographics, and comorbidities 6

Continued on the next page
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agreed on 72. Among the 56 data elements selected as
comprehensive by TVT Registry, the Lean Aortic DCF
PASSION CV/HVC task force considered 7 as basic
(minimum core). After discussion with involved
stakeholders of both task forces, there was unani-
mous agreement to select 132 data elements as basic
(minimum core: 45 baseline demographics and
comorbidities, 16 baseline laboratory tests and imag-
ing, 11 procedural, 48 follow-up outcomes, and 12
follow-up laboratory tests and imaging) (Tables 2 to 4)
and to maintain 84 data elements as comprehensive
(Supplemental Tables 4 to 6). All 44 variables of the
risk model were included in the final core
data elements.

Several reasons were cited by the Lean Aortic DCF
PASSION CV/HVC and TVT Registry task forces to
exclude certain data elements from the basic (mini-
mum core) dataset designation. The most common
reasons were that the element was believed to be
challenging to assess accurately (36.9%), that the
element is captured in duplicate (33.3%), or that the
element is unlikely to affect clinical outcomes
(10.7%). Figure 3 summarizes these reasons. The full
list of data elements and justifications is available in a
spreadsheet in the Supplemental Appendix.

IMPLEMENTATION OF CONSENSUS BASIC (MINIMUM

CORE) DATA ELEMENTS INTO THE TVT REGISTRY.

All 132 of the basic (minimum core) data elements
were implemented and were designated the
“required” basic dataset within the TVT Registry as of
January 2021. Because some of the variables desig-
nated as “basic” were programmatically linked to
variables not designated as basic, an additional 35
variables were kept in the “required” TVT Registry
3.0 dataset to ensure retention of all of the basic
(minimum core) data elements.

DISCUSSION

Current data needs in TAVR include fulfilling clinical,
quality, and regulatory evidence and reporting ex-
pectations, frequently through burdensome, redun-
dant, heterogenous work flow pathways that
undermine data integrity (missingness, accuracy),
add costs, and delay aggregation of evidence.
Recognizing the substantial content overlap across
these independent applications, the establishment of
a minimum core dataset essential to all of these needs
promotes substantial enhancement of consistency,
efficiency, and quality of TAVR evidence overall. This
critical landscape change thus provides a platform to
remove the current redundant “re-re-entry” of pro-
cedural and clinical data across clinical EHRs, quality

https://doi.org/10.1016/j.jcin.2022.01.014
https://doi.org/10.1016/j.jcin.2022.01.014


TABLE 2 Continued

Category

Number of
Appearances in
Literature/TVT

Registry

Gait speed, walking 5 ma Baseline, demographics, and comorbidities 10

Positive inotrope preprocedurea Baseline, demographics, and comorbidities 1

Left main coronary artery diseasea Baseline, laboratory tests, and imaging 2

Proximal LAD $70%a Baseline, laboratory tests, and imaging 1

Conduction defecta Baseline, laboratory tests, and imaging 1

Creatininea Baseline, laboratory tests, and imaging 6

Hemoglobina Baseline, laboratory tests, and imaging 2

Platelet counta Baseline, laboratory tests, and imaging 1

Baseline mean aortic valve gradient Baseline, laboratory tests, and imaging 13

Baseline LVEFa Baseline, laboratory tests, and imaging 12

Baseline aortic valve area Baseline, laboratory tests, and imaging 11

Bicuspid aortic valvea Baseline, laboratory tests, and imaging 1

Baseline aortic regurgitationa Baseline, laboratory tests, and imaging 2

Baseline mitral regurgitationa Baseline, laboratory tests, and imaging 2

Aortic valve disease etiology Baseline, laboratory tests, and imaging 1

Aortic stenosis Baseline, laboratory tests, and imaging 1

Baseline mitral valve mean gradient Baseline, laboratory tests, and imaging 1

Baseline tricuspid regurgitationa Baseline, laboratory tests, and imaging 1

aRisk model variables.

BAV ¼ bicuspid aortic valve; CABG ¼ coronary artery bypass graft; KCCQ ¼ Kansas City Cardiomyopathy
Questionnaire; LAD ¼ left anterior descending coronary artery; LVEF ¼ left ventricular ejection fraction;
NYHA ¼ New York Heart Association; PCI ¼ percutaneous coronary intervention; STS ¼ The Society of Thoracic
Surgeons; other abbreviations as in Table 1.

TABLE 3 Core Variables: Procedural

Category

Number of
Appearances in
Literature/TVT

Registry

Procedure datea Procedural 18

Type of valve Procedural 15

Access type (transfemoral vs apical, etc)a Procedural 10

Concomitant procedure Procedural 3

Anesthesia type Procedural 2

Dominant indication for procedure (AS vs AR) Procedural 1

Procedure status (emergent/salvage/CPR)a Procedural 1

Embolic protection Procedural 1

Shock during procedurea Procedural 1

Bioprosthetic valve fracture Procedural 1

Operator name Procedural 1

aRisk model variables.

AR ¼ aortic regurgitation; AS ¼ aortic stenosis; CPR ¼ cardiopulmonary resuscitation;
TVT ¼ Transcatheter Valve Therapy.
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registries, and clinical trial DCFs while enhancing
consistency, quality, and efficiency to TAVR
evidence accrual across clinical, quality, and regula-
tory benefit/risk and safety characterizations.
Although basic (minimum core) datasets are not
necessarily sufficient for any of these applications,
the fact that they are essential to all of them provides
an unique opportunity to enable efficiencies that
enhance the informative content of any regulatory,
quality, or clinical evidence derived through this
construct.

Through the conduct of a systematic review and
reconciliation across 2 independent consensus pro-
cesses, we present the first comprehensive effort to
produce a consensus list of “basic” (minimum core)
data elements in contemporary TAVR. The 132 basic
(minimum core) data elements represent 61% of the
216 data elements in the TVT Registry (Central
Illustration). In terms of categories, the consensus
basic (minimum core) data elements represent 79% of
original baseline demographics and comorbidities,
46% of the baseline laboratory tests and imaging,
44% of the procedural elements, 61% of follow-up
outcomes, and 60% of follow-up laboratory tests
and imaging. Although these “basic” (essential mini-
mum core) data elements were derived through a
consensus process designed to address U.S. regula-
tory expectations and hospital quality requirements,
the majority of these data elements, with the excep-
tion of U.S.-based demographic definitions, are likely
applicable to and already widely used in international
data collection as well.

TAVR is an established procedure with an extensive
list of randomized clinical trials supporting its use
performed over the course of a decade.6-8,12,13,16,18,19,20

Over this time, TAVR devices have undergone multi-
ple generational improvements and device designs, as
well as flattening of the volume-outcomes and
learning curves.23,24 As a result of the technological
maturity and the advanced dispersion of TAVR in the
United States, data elements necessary to fulfill FDA
benefit/risk assessment or safety surveillance and
real-world quality assessment requirements have
become more focused. In light of this, for example,
elements related to device identification, which may
be useful for the evaluation of long-term outcomes,
were preserved as basic (minimum core). In addition,
we have attempted to retain elements that were out-
lined in the most recent CMS TAVR NCD as necessary
for building a quality assessment composite.25

Certain elements essential for quality evaluation
by distinct levels (ie, patient, practitioner, and facility
level) were also kept. We have also included in
the basic (minimum core) dataset set the majority of
baseline demographic and comorbidity elements
(79%). This is important given the NCD requirement
to identify the factors that predict the quality metric.25

Finally, as another recently added priority of the



TABLE 4 Core Variables: Follow-Up

Category

Number of
Appearances in
Literature/TVT

Registry

Converted procedure to surgery Outcomes, immediate/perioperative 7

Aborted procedure Outcomes, immediate/perioperative 5

Multiple valves ($2 implanted) Outcomes, immediate/perioperative 6

Multiple valves because of valve
embolization

Outcomes, immediate/perioperative 5

Cardiac perforation Outcomes, immediate/perioperative 4

Stroke, ischemic Outcomes, immediate/perioperative 4

Annular rupture Outcomes, immediate/perioperative 2

Dialysis (new requirement) Outcomes, immediate/perioperative 2

Access-site complications Outcomes, immediate/perioperative 1

Atrial fibrillation Outcomes, immediate/perioperative 1

Cardiac arrest Outcomes, immediate/perioperative 1

Bailout/unplanned PCI Outcomes, immediate/perioperative 1

Permanent pacemaker Outcomes, immediate/perioperative 1

Reintervention, aortic valve Outcomes, immediate/perioperative 1

Stroke, hemorrhagic Outcomes, immediate/perioperative 3

Stroke, undetermined Outcomes, immediate/perioperative 3

Bleeding, genitourinary Outcomes, immediate/perioperative 1

Bleeding, other Outcomes, immediate/perioperative 1

Bleeding, gastrointestinal Outcomes, immediate/perioperative 1

Coronary artery compression Outcomes, immediate/perioperative 1

Transfusion and number of
transfusions

Outcomes, immediate/perioperative 2

Anticoagulation Outcomes, immediate/perioperative 1

Discharge location Outcomes, immediate/perioperative 3

Discharge, date/death Outcomes, immediate/perioperative 3

Hospice care Outcomes, immediate/perioperative 2

Cardiac rehabilitation referral Outcomes, immediate/perioperative 2

Death Outcomes, 1 mo/1 y 18

All stroke Outcomes, 1 mo/1 y 15

New pacemaker/ICD Outcomes, 1 mo/1 y 14

Repeat hospitalization Outcomes, 1 mo/1 y 13

NYHA functional class Outcomes, 1 mo/1 y 13

Major vascular complication Outcomes, 1 mo/1 y 12

Aortic valve reintervention Outcomes, 1 mo/1 y 12

Major bleeding Outcomes, 1 mo/1 y 11

Endocarditis Outcomes, 1 mo/1 y 11

New-onset atrial fibrillation Outcomes, 1 mo/1 y 11

Acute kidney injury Outcomes, 1 mo/1 y 11

KCCQ score Outcomes, 1 mo/1 y 6

Cardiac surgery or intervention,
other unplanned

Outcomes, 1 mo/1 y 1

Life-threatening/disabling bleeding Outcomes, 1 mo/1 y 9

Renal replacement therapy Outcomes, 1 mo/1 y 4

Stroke, ischemic Outcomes, 1 mo/1 y 3

Stroke, hemorrhagic Outcomes, 1 mo/1 y 1

Stroke, undetermined Outcomes, 1 mo/1 y 1

Hospitalization for heart failure Outcomes, 1 mo/1 y 6

Continued on the next page
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NCD is the evaluation of long-term outcomes
and durability, elements such as reintervention
and valve thrombosis were selected as basic (mini-
mum core).

Concurrently, when selecting elements for inclu-
sion, the task forces prioritized those that were
straightforward in their assessment and attempted to
exclude variables requiring further adjudication from
the basic (minimum core) dataset. For instance, the
“stroke” data element will now be defined as a com-
posite of all types of strokes, notwithstanding
whether it was reported as hemorrhagic, ischemic, or
unknown, because of the need for adjudication to
reliably differentiate stroke subtypes. Importantly,
the task forces agreed to preserve elements that
indicate the clinical severity of an event, including
the presence of neurologic sequelae. Other elements
that may be too convoluted, such as neuroimaging or
autopsy results, were not selected for the basic
(minimum core) dataset. Thus, for selected applica-
tions or clinical trials of novel device designs, adding
a module including core laboratory or independent
adjudication processes and data elements might
constitute a critical “module” to add to the core basic
dataset to make a body of evidence more compre-
hensive and “fit to purpose.” In summary, the
continued and pragmatic assessment of benefit/risk
and safety in TAVR procedures was the fundamental
priority guiding the selection of the basic (minimum
core) dataset. Establishment of the basic (minimum
core) dataset is complementary to the variable defi-
nitions established by the Valve Academic Research
Consortium, and together the 2 efforts help enhance
consistency in approach and concepts across the data
landscape for TAVR.

As a result of these fundamental guiding princi-
ples, data elements that are important for other pur-
poses, such as appropriate use criteria, were also not
included in this version of the basic (minimum core)
dataset. Although appropriate use represents an
important concept in the selection and provision of
care, it is distinct (though complementary) to the
assessment and improvement of quality of care.
Additionally, with the rapid expansion of TAVR into
all patient risk categories, existing appropriateness
criteria may need to be revised to be clinically rele-
vant.1,26 For instance, data elements such as SYNTAX
(SYNTA�) score and life expectancy <1 year, which
are resource intensive to obtain and were originally
embedded within TVT Registry to address issues of
appropriate use, were not included in the basic
(minimum core) dataset.26 Specifically, SYNTAX score
requires significant experience in its calculation and



TABLE 4 Continued

Category

Number of
Appearances in
Literature/TVT

Registry

Device thrombosis Outcomes, 1 mo/1 y 3

Vascular surgery or intervention,
unplanned

Outcomes, 1 mo/1 y 1

ICD Outcomes, 1 mo/1 y 1

Creatinine Follow-up, laboratory tests and imaging 1

Hemoglobin Follow-up, laboratory tests and imaging 1

Aortic regurgitation Follow-up, laboratory tests and imaging 2

Mean aortic valve gradient Follow-up, laboratory tests and imaging 2

Paravalvular vs central AR Follow-up, laboratory tests and imaging 1

Mean aortic valve gradient Follow-up, laboratory tests and imaging 14

LVEF Follow-up, laboratory tests and imaging 3

Aortic regurgitation Follow-up, laboratory tests and imaging 3

Date Follow-up, laboratory tests and imaging 1

Paravalvular AR Follow-up, laboratory tests and imaging 13

Valve thrombosis Follow-up, laboratory tests and imaging 5

Leaflet dysfunction Follow-up, laboratory tests and imaging 3

ICD ¼ implantable cardioverter-defibrillator; other abbreviations as in Tables 1 to 3.
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is unlikely to be reliably obtained without core labo-
ratory adjudication. In addition, physician-estimated
life expectancy is notoriously imprecise.27 Thus,
although the basic (minimum core) data construct
well supports evidence collections relevant to best
practice guidelines, these basic (minimum core) data
elements alone are not likely sufficient.

Another issue that the task forces frequently faced
when evaluating data elements were those that are
collected without methodologic consistency. An
example is the data elements related to pulmonary
disease. In TVT Registry 3.0, this comorbidity is
collected in a specific element evaluating severity of
chronic lung disease, in other data elements evalu-
ating forced expiratory volume in 1 second and
diffusing capacity for carbon monoxide, and finally in
a home oxygen need element. Notwithstanding the
difficulty in obtaining the data for some of these data
elements, there may be little additional benefit, but
consequential additional resource use, in obtaining
essentially the same information in multiple ways. In
alignment with the Academic Research Consortium
emphasis, data elements in the basic (minimum core)
dataset are intended to add value by adding consis-
tency across clinical, quality, and regulatory evidence
applications.

Given the CMS TAVR NCD requirements of quality
assessment, the TVT Registry has devised and vali-
dated the TVT Registry Composite Risk Model,28

which is extensively used to evaluate site perfor-
mance. As such, to maintain compliance with this
requirement and to foster collection of the minimum
data elements needed for adequate hospital quality
assessment, both task forces agreed to preserve
within the basic (minimum core) dataset all 44 data
elements needed to compute TVT Registry hospital
quality assessment metrics. This decision accepted
that some of the elements included by the current
model may be less pertinent to state-of-the-art TAVR
procedures and takes into account that the public
acceptance of a risk model is dependent on achieve-
ment of technically adequate risk adjustment that is
perceived to be comprehensive. For instance, data
elements such as hostile chest and porcelain aorta are
historical remnants of early TAVR and were reported
in our search of the published research only in trials
of first-generation devices,6,7 in the trial of a device
no longer available in the market,10 and in early reg-
istry data.15,17 However, these data elements were
originally selected through consensus by a group of
experts in risk modeling to ensure adequate and
comprehensive risk adjustment with face validity.
Importantly, existing TVT Registry TAVR risk models
have full endorsement of the National Quality Forum.
Future iterations of the risk model and of the DCF
may allow a reevaluation of the basic (minimum core)
dataset status of these elements through expert
consensus.

Importantly, the goal of the “lean” process under-
taken was to establish, through consensus across
stakeholders, the minimum data elements essential
for the purposes of clinical best practice, quality,
and/or benefit/risk and safety assessments. By defi-
nition, this also means that to create sufficient and
fit-for-purpose data for any specific clinical, quality,
or regulatory application per se, the basic (minimum
core) dataset may need to be augmented with addi-
tional modules. Additionally, we note that the size
and scope of any basic (minimum core) dataset mir-
rors the maturity of the field it serves. The present
work reflects an evolution of the original FDA, CMS,
and professional society efforts to construct an
appropriately wide dataset for TAVR as a “break-
through” technology to an updated version matching
the interim increase in knowledge and development
of quality initiatives as the provision of TAVR care in
the United States has matured from a clinical dis-
covery phase to an implementation phase.29

Certainly, as the field of TAVR continues to evolve
in the future, further adjustments to the basic (min-
imum core) dataset will likely again become
necessary.

Finally, we also describe the real-world imple-
mentation of the basic (minimum core) dataset into



FIGURE 3 Reasons for Element Exclusion From the Minimum Core Set

Most common reasons for preliminary element exclusion by the Heart Valve Collaboratory include difficulty to assess accurately, duplication

of data concepts, and low likelihood to affect outcomes. TAVR ¼ transcatheter aortic valve replacement.
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TVT Registry 3.0 and the process to reach these data
elements is made public through this paper. Future
efforts within the TVT Registry will include prospec-
tive plans to evaluate the implementation of the
minimum core dataset as a factor in enhanced data
quality within the TVT Registry or as a basis for
further refinement of the mandatory TVT Registry
data elements. Future efforts across clinicians, the
FDA, and industry may include leveraging the basic
(minimum core) data infrastructure for better, more
efficient, and prospective registry-based TAVR device
evaluations or safety assessments. Furthermore, in
sharing both these processes and the principles of
minimum core data element structure, future efforts
to develop minimum core data infrastructure for
other devices may be facilitated by “use/reuse” of the
“basic recipe.”

Developing a basic (minimum core) dataset within
structural heart disease has the potential to facilitate
future innovations ranging from automatic data
collection30 to registry-based trials31,32 and profound
international collaboration.33 Importantly, integra-
tion of the minimum core data elements within the
broader TVT Registry DCF will speed the instantia-
tion of these basic (minimum core) data elements
within data collection and health informatics sys-
tems through the TVT Registry’s national mandate
and reach. The integration of these basic data
elements into ongoing health informatics efforts to
develop semiautomated and automated data
extraction from EHRs will be a key future step
necessary to realize the full gains in efficiency and
data quality associated with the “lean” data element
concept.

Finally, an operational benefit that can be obtained
from the creation of a basic (minimum core) dataset is
in the reduction of data burden. There is a substantial
unreimbursed cost34 involved in participation in a
national registry, especially until ongoing efforts by
professional societies, EHR vendors, and electronic
interoperability standards groups result in automated
or semiautomated extraction of relevant data from
structured or unstructured EMRs. Therefore, the
designation of “basic” (minimum core) and
“comprehensive” data elements allow participating
centers to choose and manage the level of resource
use necessary to complete data collection. Although
extraction of the basic (minimum core) data elements
will provide the foundations for more efficient and
adequate prospective benefit/risk studies and safety
surveillance and for hospital quality assessment,
extraction and submission of the comprehensive data
elements permit assessment of appropriate use and
even potential improvements in hospital quality, as
exemplified by regional and other quality
collaboratives.35,36
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The Heart Valve Collaboratory and TVT (Transcatheter Valve Therapy) Registry task. Registry task forces unanimously selected 132 minimum

core data elements for transcatheter aortic valve replacement procedures, on the basis of an extensive systematic review of the published

research and discussions involving key experts and leaders in the field. ACC ¼ American College of Cardiology; KCCQ ¼ Kansas City Car-

diomyopathy Questionnaire; STS ¼ The Society of Thoracic Surgeons; TVT ¼ transcatheter valve therapy.
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CONCLUSIONS

After a systematic review and extensive discussions,
the collaborative partnership between the Lean Aortic
DCF PASSION CV/HVC task force and the TVT Registry
was able to establish 132 “basic” minimum core data
elements essential to clinical, regulatory, and hospital
quality assessment. These elements represent the
minimum dataset targeted to fulfill FDA and CMS
reporting requirements for TAVR, and collection of
additional elements may be needed to provide suffi-
cient fit-for-purpose evidence to establish extended
insights within the total device lifecycle. Establish-
ment of the “basic” (minimum core) data elements in
the public domain support the efficiency, speed, and
predictability of future TAVR device evidence collec-
tions and concomitantly reduce the burden on hospi-
tals. Furthermore, these processes and principles of
core data element’s structure can facilitate similar
approaches for other structural heart devices, cardio-
vascular devices, and medical devices in general.
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