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Abstract

Background and Standardized definitions for outcome measures in randomized clinical trials and observational studies are essential for robust

Aims and valid evaluation of medical products, interventions, care, and outcomes. The European Unified Registries for Heart Care
Evaluation and Randomised Trials (EuroHeart) project of the European Society of Cardiology aimed to create international
data standards for cardiovascular clinical study outcome measures.

Methods The EuroHeart methods for data standard development were used. From a Global Cardiovascular Outcomes Consortium
of 82 experts, five Working Groups were formed to identify and define key outcome measures for: cardiovascular disease
(generic outcomes), acute coronary syndrome and percutaneous coronary intervention (ACS/PCI), atrial fibrillation (AF),
heart failure (HF) and transcatheter aortic valve implantation (TAVI). A systematic review of the literature informed a modi-
fied Delphi method to reach consensus on a final set of variables. For each variable, the Working Group provided a definition
and categorized the variable as mandatory (Level 1) or optional (Level 2) based on its clinical importance and feasibility.

Results Across the five domains, 24 Level 1 (generic: 5, ACS/PCI: 8, AF: 2; HF: 5, TAVI: 4) and 48 Level 2 (generic: 18, ACS-PCI: 7, AF:
6, HF: 2, TAVI: 15) outcome measures were defined.

Conclusions Internationally derived and endorsed definitions for outcome measures for a range of common cardiovascular diseases and
interventions are presented. These may be used for data alignment to enable high-quality observational and randomized
clinical research, audit, and quality improvement for patient benefit.

Structured Graphical Abstract

Key Question
What are the most important clinical outcome measures to report for people with cardiovascular disease?

Key Finding
According to consensus of 82 international experts, 24 mandatory and 48 optional cardiovascular outcomes were prioritised for use in
clinical registries, observational studies and randomised clinical trials.

Take Home Message
The adoption of this international-derived and endorsed suite of cardiovascular outcome measures will result in greater uniformity of
event reporting and in more useful and comparable clinical research.

To develop internationally-derived standardized definitions
for outcome measures for cardiovascular disease
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Internationally derived, standardized definitions for outcome measures in people with cardiovascular disease. ACS-PCI, acute coronary syndrome-
percutaneous coronary intervention; HF, heart failure; AF, atrial fibrillation; TAVI, transcatheter aortic valve intervention

Acute coronary syndrome ¢ Atrial fibrillation * Heart failure « Transcatheter aortic valve intervention * Outcomes ¢

Keywords
Registry, data, EuroHeart

Introduction

Careful selection and use of clinical outcome measures is of paramount
importance to enable valid and reliable quantification of the benefits
and harms of different management strategies.”* Sets of outcome mea-
sures have been proposed for cardiovascular disease but these are of-
ten limited to single conditions or diseases, > or are specific to
individual randomized clinical trials (RCT),® and lack a structured hier-
archy.H’ At time of development, existing outcome sets have often not
included patient stakeholder involvement.”

The definitions of cardiovascular outcomes measures employed in
observational research have been inconsistent and heterogeneous,8
yet an increasing proportion of RCTs are using routinely collected
healthcare systems and/or clinical registry data for outcome evalu-
ation.”™"? Registry-based RCTs now span multiple geographies.” It
is therefore increasingly important that consistent, internationally
endorsed and robustly defined clinical outcome measures are
established."

The European Unified Registries for Heart Care Evaluation and
Randomised Trials (EuroHeart) project of the European Society of
Cardiology (ESC) has previously published data standards for four com-
mon cardiovascular domains: acute coronary syndrome and percutan-
eous coronary intervention (ACS/PCI), atrial fibrillation (AF), heart
failure (HF), and transcatheter aortic valve implantation (TAVI)."*="
These were developed using a standardized, evidence-based method,'®
which we now use to select and define cardiovascular outcome mea-
sures for assessments in common cardiovascular diseases and interven-
tions. This catalogue of cardiovascular outcome measures will provide a
‘common language’ to facilitate federated, pooled, comparative and
meta-analyses of independent yet harmonized data sets, and support
the delivery of international registry-based RCTs. It will also improve
clinical event reporting—making clinical studies more robust, generaliz-
able, and applicable—and as such it will advance evidence-based assess-
ment of the effectiveness of cardiovascular care.

Methods

We classified cardiovascular outcome measures as either generic or
domain-specific. Generic measures were defined as those of potential ap-
plicability to all patients with cardiovascular diseases. Domain-specific vari-
ables were defined as those applying to patients following diagnosis of ACS,
AF, or HF, or after a TAVI procedure. Every participant would be eligible for
the collection of generic outcomes in addition to specific domains.

EuroHeart method

We followed the EuroHeart method for cardiovascular data standard de-
velopment.'® This involved: (i) completion of a systematic review of the lit-
erature to synthesize a list of ‘candidate’ variables; (i) selection and
prioritisation of variables by domain experts in the Working Group using
a modified Delphi method; and (jii) Working Group feedback."®

Systematic literature review

The protocol was pre-registered.19 We searched Embase and Ovid Medline
for studies published in the three medical journals with the highest impact
factor: New England Journal of Medicine (NEJM), Lancet or Journal of the
American Medical Association (JAMA) on or after 1st January 2000 until
12th October 2021. Studies were included if they reported results from
a Phase 3 RCT or a multi-centre observational study, and included adults
with coronary artery disease, ACS, PCI, heart rhythm disease, cardiomyop-
athy, HF, or valve disease, to ensure coverage of all five domains.
Conference abstracts or review articles were excluded, as were sub-studies
where the main paper was included in the review, and studies in which clin-
ical outcomes were not reported or not defined. The search strategy was
developed with a research librarian (see supplementary data online, Tables
S1 and S2). Variables that were included in the existing domain registries
were reviewed,M’17 and outcome measure variables were included for
Delphi voting. These were presented to the Working Group participants,
who were able to suggest additional variables based upon clinical expertise.

Working groups

We approached all of the ESC Associations and Working Groups to nom-
inate individuals with relevant clinical expertise to join a Global
Cardiovascular Outcomes Consortium, alongside existing members of
the EuroHeart team. Additional international clinical experts were ap-
proached directly for their specific expertise in clinical trials, registries,
and regulators. From this Consortium, five Working Groups were as-
sembled: one for the generic cardiovascular outcome measures, and one
for each of the four EuroHeart domains. Some people participated in
more than one group, depending on their experience and availability (see
Supplementary data).

Variable level

Working group members were asked to take part in a Delphi process to
consider three options for each proposed cardiovascular outcome measure
variable: include as a mandatory (Level 1) variable; include as an optional
(Level 2) variable; or do not include. Voting was conducted in an online
poll. Level 1 cardiovascular outcome measure variables are intended for col-
lection in all participants in the registry, whereas Level 2 variables are discre-
tionary and may be useful and available in some (but not all) settings and
countries, depending on the purpose of the registry.

Data were collated in MS Excel for calculation of voting proportions.
The threshold for inclusion as a Level 1 variable was at least 75% of par-
ticipants voting for selection of the variable as Level 1."® The threshold
for inclusion as a Level 2 variable was at least 75% of participants select-
ing for the variable either Levels 1 or 2. Where a cardiovascular outcome
measure variable was already included as a Level 1 variable in the generic
domain, this was not considered again by the other domain groups (as it
would already apply to all registry participants). Where a variable was al-
ready included as a Level 2 variable in the generic domain, it could be re-
considered by the Working Group for upgrade to Level 1 within that
specific domain.

Selection of the final set of variables

The results of the Delphi voting were presented in an online meeting, and
the results of each cardiovascular outcome measure variable were
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discussed. Where a Level 1 confirmatory vote had been made already, these
results were presented for information only—because the threshold for in-
clusion had been made. Where the threshold for Levels 1 or 2 inclusion had
not been reached, participants could request for this to be re-phrased
based upon their clinical expertise, and this could proceed for a second
vote with the same thresholds employed as in the first round.

Definitions

The proposed definitions for each variable were collated from the literature
and shared with the invitees from every Working Group for their comment
and clarification. These were agreed by consensus. The previously published
variables and definitions for each domain included a range of classification
systems for bleeding;"*™"” for this outcomes domain, however, participants
were clear that a single harmonized classification for bleeding outcome
measure was essential. Accordingly, an online poll was circulated to all
participants to vote on their preference for the Valve Academic Research
Consortium  (VARC),® Bleeding Academic Research Consortium
(BARC),”" or International Society On Thrombosis and Haemostasis
(ISTH)*? classifications of bleeding that would then be employed across
all of the cardiovascular outcome domains.

Patient and public involvement

The ESC Patient Forum was invited to contribute to this project from its
inception. Their feedback was that the development of data variables and
standards for cardiovascular outcomes measures was too technical for their
meaningful contribution. Instead, they suggested that the results of the
Delphi polls were presented to the Patient Forum for their discussion
and comment, which took place in December 2023 prior to the finalisation
of the catalogue of cardiovascular outcome measures. Representatives
from the ESC Patient Forum are also part of the research team for the de-
velopment of patient-reported outcome measures.

Results

Systematic review

Of 4728 publications that were screened, 801 (16.9%) were included in
the review after full-text evaluation. Of these, 320 (40.0%) were pub-
lished in the NEJM, 284 (35.5%) in JAMA, and 197 (24.6%) in the
Lancet, comprising 620 (77.4%) RCTs and 181 (22.6%) observational
studies. The most frequently reported primary outcome measure
was a composite (449 studies, 56.1%), followed by all-cause mortality
(109 studies, 13.6%). Where a composite was the primary outcome
measure, the most frequent components were myocardial infarction
(273 studies, 60.8%), all-cause mortality (242 studies, 53.9%), stroke
(190 studies, 42.3%), and cardiovascular mortality (178 studies, 39.6%).

The working group process

The extracted clinical outcome measures were presented to the five
Working Groups for consideration as candidate variables for inclusion.
In the first round, 28 candidate variables were considered for the gen-
eric cardiovascular outcome measures domain by 45 experts (Figure 7).
Following discussion, a further four variables were considered by 41 ex-
perts (51 individuals contributed in total). For the ACS/PCl outcome
measures domain, 26 experts reviewed 19 candidate variables in two
rounds of voting (Figure 2). For the AF outcome measures domain,
18 experts reviewed 12 variables in two rounds of voting (Figure 3).
For the HF outcome measures domain, 31 experts reviewed 19 vari-
ables in two rounds of voting (Figure 4). In the TAVI outcome measures
domain, all 29 variables were already included in the TAVI registry, and
so the reference group were asked to consider whether these should
be considered as Levels 1 or 2 outcomes, and then the list refined

during the meeting, during which 16 experts reviewed 29 variables in
one round of voting (Figure 5). The complete list of variables and their
definitions was reviewed by all contributors (n = 82).

Generic domain: Level 1 variables

For the generic cardiovascular outcome measures domain, five Level 1
variables were agreed: all-cause mortality, cardiovascular mortality,
myocardial infarction, stroke, and HF (Table 7).

Generic domain: Level 2 variables

For the generic cardiovascular outcome measures domain, 18 Level 2 vari-
ables were agreed: acute kidney injury, all-cause re-hospitalisation, bleed-
ing events, cardiac arrest, cardiogenic shock, cause-specific hospitalisation,
deep vein thrombosis (DVT), device implantation (including transvenous
pacemaker, leadless pacemaker, transvenous implantable cardioverter
defibrillator [ICD], subcutaneous ICD, cardiac-resynchronisation therapy
pacemaker or defibrillator [CRT-P, CRT-D]), heart transplant, hospita-
lized ventricular tachycardia, ICD therapy delivery (e.g. cardioversion
or antitachycardia therapy), mechanical circulatory support, atrial fib-
rillation/flutter (AF), pulmonary embolism, systemic embolism, transi-
ent ischaemic attack, unplanned cardiac surgery, and worsening HF
(Table 1).

Acute coronary syndrome/percutaneous
coronary intervention domain: Level 1
variables

For the ACS/PCI outcome measures domain, eight Level 1 variables
were agreed: acute kidney injury requiring renal replacement therapy,
cardiac arrest, HF hospitalisation, major bleeding event, target lesion
stent thrombosis, target vessel related myocardial infarction, unplanned
target-vessel coronary artery bypass graft (CABG) surgery, and un-
planned target-vessel PCl (Table 2).

Acute coronary syndrome/percutaneous
coronary intervention domain: Level 2

variables

For the ACS/PCI outcome measures domain, seven Level 2 variables
were agreed: attendance at cardiac rehabilitation, cardiovascular hospi-
talisation, Canadian Cardiovascular Society (CCS) angina class, hospital-
isation with unstable angina, left ventricular ejection fraction, minor
bleeding event, and vascular access complication (Table 2).

Atrial fibrillation domain: Level 1 variables

For the AF outcome measures domain, two Level 1 variables were
agreed: cardiovascular hospitalisation, and catheter ablation (Table 3).

Atrial fibrillation domain: Level 2 variables
For the AF outcome measures domain, six Level 2 variables were
agreed: all-cause hospitalisation, burden of AF (time spent in AF out
of total monitoring period), cardioversion, device implantation (e.g.

pacemaker, CRT, and ICD), implantable monitoring device, and recur-
rence of AF (Table 3).

Heart failure domain: Level 1 variables

For the HF outcome measures domain, five Level 1 variables were agreed:
all-cause hospitalisation, HF re-hospitalisation, heart transplantation,
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Voting round one, n=45

All-cause mortality

New onset heartfailure
Cardiovascular mortality

Stroke

Coronary revascularisation
Bleeding -minor, major, life-threatening
All-cause hospitalisation
Intracranial bleeding
Re-infarction

Transplant

Resuscitationafter cardiac arrest
Worsening heart failure
Cause-specific hospitalisation
Pacemaker implant

Systemic embolism

ICD implant

Cardiogenic shock

Mechanical circulatory support
Unplanned cardiac surgery
Sustained ventricu lararrhythmia
Pulmonary embolism

Acute kidney injury

ICD therapy delivery

Biomarker

Unstable angina*

Imaging parameter

Transient ischaemic attack
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Deep vein thrombosis
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* or recurrent, persistent or refractory ischaemia

Voting round two, n=41

Myocardial Infarction
Cardiac Arrest

Pacemaker or defibrillator implant

Newly Diagnosed Atrial Fibrillation

0% 10% 20% 30% 40% 50% 60% 70% 80% 9S0% 100%

Level one [ Level two N Do notinclude R

Figure 1 Voting results, generic domain. ICD, implantable cardioverter defibrillator. Level 1: mandatory variable; Level 2: optional variable

left ventricular ejection fraction, and implant of a left ventricular assist monitoring the chronic disease management aspects of HF; these are
device (Table 4). discussed in detail in a separate publication.”

w

Heart failure domain: Level 2 variables . , ,

For the HF outcome measures domain, two Level 2 variables were Transcatheter aortic valve intervention
agreed: device implant (e.g. pacemaker, CRT, and ICD), and resusci- domain: Level 1 variables

tated ventricular arrhythmia (Table 4). Notably, the HF Working For the TAVI outcome measures domain, four Level 1 variables were
Group advised that additional parameters would be advantageous for agreed: aortic regurgitation, device implantation (e.g. pacemaker,
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Voting round one, n=20

Target lesion stent thrombosis
Unplanned TVR: PCI

Major bleeding event

Unplanned TVR: CABG

Acute kidney disease requiring RRT
Resuscitated cardiacarrest

Target vesselrelated myocardial infarction
Hospitalisation with heart failure
Hospitalisation withunstable angina
Cardiovascular hospitalisation

Left ventricular ejectionfraction category
Transient ischaemic attack

Hos pitalisation with recurrentchest pain
Vascular access complication

CCS anginaclass

Minor bleeding event

Any bleeding

Attendance atcardiac rehabilitation

Target lesionlate luminal loss

0% 10%

Level one 1

Voting round two, n=23

To include urgent outpatient visit, or just

hospitalisation with heart failure?

Do you think that recurrent chest pain

admission should be included as an
optional (level two) variable, or not
included in the ACS-PCIl domain?

20%

Leveltwo mmmm

30% 40% 50% 60% 70% 80% 90% 100%

Do notinclude .

include

.

include

Figure 2 Voting results, acute coronary syndrome/percutaneous coronary intervention domain. CABG, coronary artery bypass grafting surgery; CCS,
Canadian Cardiovascular Society; ICD, implantable cardioverter defibrillator; PCI, percutaneous coronary intervention; RRT, renal replacement ther-
apy; TVR, target vessel revascularisation. Level 1: mandatory variable; Level 2: optional variable

CRT, and ICD), New York Heart Association class, and re-intervention
on the aortic valve (Table 5).

Transcatheter aortic valve intervention
domain: Level 2 variables

For the TAVI outcome measures domain, 15 Level 2 variables were
agreed: access-related non-vascular complications, all-cause re-
hospitalisation, cardiac arrest, cardiogenic shock, CCS angina status,

CABG surgery, creatinine, endocarditis, left ventricular ejection frac-
tion, AF/flutter, renal replacement therapy, other transcatheter heart
valve procedure, PCl, residual aortic stenosis, and sternotomy or thora-
cotomy due to bleeding (Table 5).

Bleeding

Various classification systems for bleeding are used across the
EuroHeart data standards,'*"” reflecting the relative strengths of
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Voting round one, n=14
Non-cardiovascular death
Cardiovascular hospitalisation
Catheter ablation
Recurrence of symptomatic AF
Cardioversion
Recurrence of asymptomatic AF
All-cause hospitalisation

Implantation of device

0% 10% 20%

Voting round two, n=16

Bleeding
PPM, ICD, CRT-P, CRT-D
Burd en of atrial fibrillation

Implantable monitoring device

0% 10% 20%

Levelone [

Leveltwo IE
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30% 40% 50% 60% 70% 80% 90% 100%

Do notinclude

Figure 3 Voting results, AF domain. AF, atrial fibrillation/flutter; PPM, permeant pacemaker; ICD, implantable cardioverter defibrillator; CRT-P, car-
diac resynchronisation pacemaker; CRT-D, cardiac resynchronisation defibrillator. Level 1: mandatory variable; Level 2: optional variable

each in specific in-patient settings. Of 59 respondents, the preferred
bleeding classification for the outcome domain was BARC as selected
by 25 (42%), with 18 (31%) voting for VARC, and 16 (27%) voting
for ISTH as their first choice.

Maedical devices

Whenever a medical device featured within the outcomes domain is im-
planted or used, the associated unique device identification code will be
recorded as a Level 1 variable to enable longitudinal device surveillance.

Discussion

Following the ESC methodology for data standards development, we
have derived and defined a suite of internationally agreed cardiovascular

outcome measures. This catalogue spans ACS/PCI, AF, HF, and TAVI,
and includes generic cardiovascular outcome measures that are appli-
cable across a range of cardiovascular diseases. The cardiovascular out-
come measures have been evaluated by international experts, and
classified hierarchically as Level 1, meaning that collection of the variable
is mandatory; or Level 2, where inclusion is optional and is based upon
specific study goals. In total, we present 24 Level 1 and 48 Level 2 car-
diovascular outcome measures.

The concept of standardized cardiovascular endpoints is not new.
Similar work has been published, but is limited to specific cardiovascular
diseases,>™ or RCTs.° Unlike previous frameworks, our cardiovascular
outcome measure catalogue is purposefully designed to span many re-
search study designs, as well as for the design of and utilisation in struc-
tured electronic health records. Differentiating between Level 1 and 2
variables means that centres may participate in data collection of only
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Voting round one, n=25

Heart failure re-hospitalisation
Ejectionfraction

Heart transplantation

All-cause re-hospitalisation

Left ventricular assist device

Implantable cardioverter defibrillator implant
Cardiac resynchronisationdevice implant
NYHA class

Serum BNP / NT-proBNP

Serum potassium

Change in NYHA class

Resuscitated ventricular arrhythmia
Change in ejection fraction

Days in hospital following discharge
Change in serum BNP / NT-proBNP
Attendance atcardiac rehabilitation

Peak oxygen consumption

Walking distance

0% 10%

Levelone [

Leveltwo Im

20% 30% 40% 50% 60% 70% 80% 90% 100%

Do notinclude IR

Figure 4 Voting results, heart failure domain. NT-proBNP/BNP, N-Terminal Pro/B-type Natriuretic Peptide; NYHA, New York Heart Association.

Level 1: mandatory variable; Level 2: optional variable

the ‘essentials’, and select additional optional variables to suit their spe-
cific needs. This will maximize the potential for implementation across
heterogeneous healthcare environments with differing availability of
electronic health records and central infrastructure to support data
collection.

The EuroHeart initiative offers a toolset that is likely to enhance the
quality and impact of cardiovascular healthcare research and patient
care globally.** Seemingly small differences in definitions may alter study
conclusions, may potentially be misleading, and make comparisons be-
tween studies challenging.>>~>’ Indeed, regulatory authorities and most
major clinical journals prefer prospective identification of a primary
outcome measure with a robust statistical approach to multiplicity in
outcomes.?®?? The alignment of these measures is necessary: the num-
ber of RCTs published is increasing year on year, and now exceeds
35000 annually.*® In addition, researchers are employing novel meth-
ods by which to conduct RCTs and observational studies,®" including
the use of routinely collected healthcare systems data and registry-
based RCTs.*? Such use of structured data, not purposely designed

for the research at hand, compels the use of clinical outcome measures
selected from a finite range of variables,®>* although we recognize that
difficulties in determining whether the definition was met in individual
cases, particularly where clinical data are incomplete.

Historically, outcomes such as myocardial infarction have limited
specificity and sensitivity in administrative data.>* The ADAPTABLE
trial [NCT02697916] used a common data model as the primary
source of endpoint ascertainment without adjudication, and found
that the positive predictive values for hospitalisation for myocardial in-
farction, stroke, and major bleeding, compared with adjudication were
90%, 72%, and 93%, respectively.*® Adjudication of outcome measures
has traditionally been considered important to minimize noise and
mitigate bias,*® however, recent evidence indicates that it may be sup-
plemented or replaced by the use of routinely collected healthcare sys-
tems data for clinical outcome measure assessments.>¢3? Similarly, HF
re-hospitalisation rates within 30 days vary substantially depending on
how they are measured—between 6.5% and 15% at 30 days according
to a recent registry study.*® There is therefore a need to standardize

G20z Arenuer 2 uo sesn eyleH siuuad Aq LS| L06./06L/2/9t/9191E/Mueayina/wod dno owspeoe//:sdny wouj papeojumoq



198

Wilkinson et al.

Voting round one, n=16
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Heart valve surgery during follow-up
Surgical heart valve replacement
PPM/ICD implant

Aortic regurgitation

NYHA class

Valve thrombosis

Valve migration

Valve embolization
Sternotomy/thoracotomy due tobleeding
Surgical heart valve repair/valvuloplasty
Aortic valve echo parameters

Cardiac arrest

Follow-up leftventricular ejection fraction
Endocarditis

Percutaneous coronary intervention
Coronary artery bypass graft

In-hospital cardiogenic shock

Unplanned readmission

Prosthetic leafiet thickening

Other transcatheter heart valve procedure
Transient ischaemic attack

New requirementfor renal replacement therapy
Embolization of delivery system component
CCS angina status

New onset atrial fibrillation/ flutter
Creatinine at discharge

Access-related non-vascular complications

0% 10%

Levelone 1

Leveltwo N

20% 30% 40% 50% 60% 70% 80% 90% 100%

Do notinclude HEE

Figure 5 Voting results, transcatheter aortic valve intervention domain. CCS, Canadian Cardiac Society; ICD, implantable cardioverter defibrillator;
NYHA, New York Heart Association; PPM, permanent pacemaker; TAVI, transcatheter aortic valve intervention. Level 1: mandatory variable; Level 2:

optional variable

the cardinal clinical outcome measures and their definitions to maxi-
mize the opportunities that are afforded by these developments in
methodology to be fully realized."® Additionally, in light of the in-
creased use of composite outcomes in clinical trials,*’ a consistent
and universally agreed selection of the variables to be included in
the design phase is important to minimize the risk of bias in these
circumstances.*?

Strengths and limitations

EuroHeart provides an opportunity for co-ordinated collection and
analysis of cardiovascular data across Europe and beyond. Within the
first year of data collection, data were collected using internationally en-
dorsed data standards for over 40 000 patients with ACS across seven
countries."*™""* The present work extends and complements this,

using an established and robust methodology,18 and harnessing the ex-
pertise of a wide range of international experts from diverse healthcare
settings. However, we recognize the limitations of this work. In particu-
lar, the reliance on a select group of leading experts to define and clas-
sify outcome measures can introduce selection bias. The perspectives
and experiences of these experts might not fully represent the diverse
patient demographics or the full spectrum of clinical realities in different
settings. This might limit the universality of the adopted measures.
Although the importance of patient-reported outcomes measures
(PROMs) and experiences (PREMs) is increasingly recognized,***
our remit for this project was limited to clinical outcomes.

This suite of outcomes may be used in clinical studies and for data
alignment, and will be integrated into the EuroHeart IT platform to en-
able standardized measurement and federated research.
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Table 5 Transcatheter aortic valve intervention—clinical outcomes and their definitions

Transcatheter aortic valve intervention—level 1 variables

Aortic regurgitation

Device implantation

NYHA class

Re-intervention on
the aortic valve:

Presence of aortic regurgitation, and severity (mild/moderate/severe) as determined by echocardiography based on
Doppler parameters according to the criteria of the VARC 3 criteria.>®

Implantation of:
Transvenous permanent pacemaker is an electronic device that is implanted in the subcutaneous tissue and gives the

heart an electrical stimulation through transvenous wires.

Leadless pacemaker is an electronic device that is implanted directly into the right ventricle.

Transvenous ICD is a device that is used to correct abnormal heartbeat through transvenous wires.

Subcutaneous ICD is an ICD with a presternal lead and is positioned between the latissimus dorsi and serratus muscle
within the subcutaneous tissue.

Extravascular ICD is an ICD with a substernal lead and the device in the subcutaneous tissue of the lateral thorax.

CRT device and pacemaker (CRT-P) is defined as a biventricular pacemaker that sends electrical stimulation to both

ventricles.
55,56

CRT-D is a biventricular pacemaker and defibrillator.

NYHA class I: no limitations of physical activity. Ordinary physical activity does not cause undue fatigue, palpitations, or
dyspnoea.

NYHA class II: slight limitation of physical activity. The patient is comfortable at rest. Ordinary physical activity results in
fatigue, palpitations, or dyspnoea.

NYHA class |ll: marked limitation of physical activity. The patient is comfortable at rest. Less than ordinary activity causes
fatigue, palpitations, or dyspnoea.

NYHA class IV: inability to carry on any physical activity without discomfort. Heart failure symptoms are present even at

rest or with minimal exertion.*>¢3

Re-do TAVI is a different procedure to the index TAVI, and a separate registration form should be completed.

Balloon aortic valvuloplasty is a transcatheter balloon dilatation of the implanted aortic valve after the completion of the
index procedure.

Surgical aortic valve replacement is defined as a deployment of a new (mechanical or bioprosthetic) aortic valve surgically.

Other aortic valve surgery is any other surgical intervention on the aortic valve.

Transcatheter aortic valve intervention—level 2 variables

Access-related non-vascular
complications

All-cause re-hospitalisation

Cardiac arrest

Cardiogenic shock

Major access-related non-vascular events are defined as one of the following:

* Non-vascular structure, non-cardiac structured perforation, injury, or infection resulting in death, BARC type >3
bleeding, irreversible nerve injury or requiring unplanned surgery or percutaneous intervention.

» Non-vascular access site (e.g. trans-apical left ventricular) perforation, injury, or infection resulting in death, BARC type
>3 bleeding, irreversible nerve injury or requiring unplanned surgery or percutaneous intervention.

Minor access-related non-vascular events are defined as one of the following:

» Non-vascular structure, non-cardiac structured perforation, injury, or infection not resulting in death, BARC type > 3
bleeding, irreversible nerve injury, or requiring unplanned surgery or percutaneous intervention.

* Non-vascular access site (e.g. trans-apical left ventricular) perforation, injury, or infection not resulting in death, BARC

type >3 bleeding, irreversible nerve injury or requiring unplanned surgery or percutaneous intervention.>

Unscheduled hospital admission for any reason.
Unscheduled hospitalisation is defined as a being admitted for more than 24 h or past a calendar day.f"53

Cardiac arrest is defined as a verified sudden cessation of cardiac activity causing unresponsiveness, absence of normal
breathing and no signs of circulation (excluding syncope or profound vagally mediated bradycardia) with ventricular
fibrillation, rapid ventricular tachycardia, or bradycardia resulting in loss of consciousness, pulseless electrical activity,
or asystole as the major causes.

ROCS is defined as the resumption of a sustained heart rhythm that perfuses the body after cardiac arrest. Signs include a
palpable pulse, measurable blood pressure, and/or respiratory effort.>’

Cardiogenic shock is defined as any one of the following: (1) ‘beginning’ cardiogenic shock or compensated shock where
a patient may be volume overloaded, tachycardic, and/or hypotensive but no evidence of hypoperfusion on physical
exam or laboratory studies. It also includes patients with a (2) ‘classic’ cardiogenic shock with evidence of
hypoperfusion on physical exam and laboratory studies ‘cold and wet.’” Invasive haemodynamics (if available)
demonstrate the classic depressed cardiac index associated with cardiogenic shock. Cardiogenic shock also includes
patients with (3) ‘deteriorating’ and includes above patients plus failure of initial interventions in restoring adequate
perfusion in 30 min and further escalation is required. Cardiogenic shock also includes (4) ‘escalation’ cardiogenic
shock in which an increase in the number or intensity of intravenous therapies to address hypoperfusion, or addition

Continued
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Table 5 Continued

of mechanical circulatory support after the initial 30-min period of observation and treatment. It can also include
patients who are highly unstable, often with circulatory collapse and/or refractory cardiac arrest with ongoing CPR.
They are being supported by multiple simultaneous acute interventions including ECMO-facilitated CPR (eCPR).>

CCS angina status CCS Grade I: ordinary physical activity does not cause angina, such as walking and climbing stairs. Angina with strenuous

or rapid or prolonged exertion at work or recreation.

CCS Grade lI: slight limitation of ordinary activity. Walking or climbing stairs rapidly, walking uphill, walking or stair
climbing after meals, or in cold, or in wind, or under emotional stress, or only during the few hours after awakening.
Walking more than two blocks on the level and climbing more than one flight of ordinary stairs at a normal pace and in
normal conditions.

CCS Grade llI: marked limitation of ordinary physical activity. VWWalking one or two blocks on the level and climbing one
flight of stairs in normal conditions and at normal pace.

CCS Grade IV: inability to carry on any physical activity without discomfort, anginal syndrome may be present at rest.®”

CABG surgery CABG surgery after the TAVI procedure.
CABG is a procedure to bypass diseased segment(s) of the coronary tree using blood vessels derived from other parts of
the body and connected to the aorta.®?

Creatinine Serum creatinine assay, in pmol/L.

Endocarditis Infective endocarditis is diagnosed if at least one of the following criteria is met: (1) Fulfilment of the Duke criteria for
endocarditis (2) Evidence of abscess, pus, or vegetation confirmed as secondary to infection by histological or
microbiological studies during re-operation; and (3) Evidence of abscess, pus, or vegetation confirmed on autopsy.*

Left ventricular ejection fraction Ejection fraction, ideally measured with echocardiography.

AF or AFL A new diagnosis of AF or AFL.

AF is defined as a supraventricular tachyarrhythmia with uncoordinated atrial electrical activation and consequently
ineffective atrial contraction. The minimum duration of an ECG tracing of AF required to establish the diagnosis of
clinical AF is at least 30 's, or entire 12-lead ECG. AFL is defined as a supraventricular tachyarrhythmia with
co-ordinated but overly rapid atrial electrical activation, usually with some degree of atrioventricular node conduction
block. The minimum duration of an ECG tracing of AFL required to establish the diagnosis of clinical AFL is at least
30 s, or entire 12-lead ECG.>®

Renal replacement therapy The patient developed a new requirement for renal replacement therapy.
Renal replacement therapy includes ultrafiltration (haemofiltration), haemodialysis, or peritoneal dialysis.>®

Other transcatheter heart valve Valve intervention after the index TAVI procedure, excluding repeat aortic valve intervention.
procedure

PCI PCI after the TAVI procedure.
PCl is the placement of an angioplasty guidewire, balloon, or other device (e.g. stent, atherectomy, brachytherapy, or
thrombectomy catheter) into a native coronary artery or a graft for the purpose of mechanical coronary
revascularisation. The assessment of the severity of a coronary lesion by fluoroscopy, intracoronary imaging (e.g.
intravascular ultrasonography), or intracoronary physiology (e.g. fractional flow reserve) is not considered a PCl
procedure.®®

Residual aortic stenosis Stage 1: Evidence of structural valve deterioration, non-structural valve dysfunction (other than paravalvular regurgitation
or prosthesis-patient mismatch), thrombosis, or endocarditis without significant haemodynamic changes.

Stage 2: Increase in mean trans valvular gradient >10 mm Hg resulting in mean gradient >20 mm Hg with concomitant
decrease in effective orifice area (EOA) > 0.3 cm? or > 25% and/or decrease in Doppler velocity index >0.1 or >20%
compared with echocardiographic assessment performed 1-3 months post-procedure.

Stage 3: Increase in mean trans valvular gradient >20 mm Hg resulting in mean gradient >30 mm Hg with concomitant
decrease in EOA > 0.6 cm?® or > 50% and/or decrease in Doppler velocity index > 0.2 or > 40% compared with
echocardiographic assessment performed 1-3 months post-procedure.20

Sternotomy/thoracotomy The patient had a sternotomy/thoracotomy due to bleeding.
due to bleeding

Abbreviations: AF, atrial fibrillation; AFL, atrial flutter; BARC, Bleeding Academic Research Consortium; CABG, coronary artery bypass; CCS, Canadian Cardiovascular Society; CPR,
cardiopulmonary resuscitation; CRT, cardiac resynchronization therapy; ECG, electrocardiogram; ECMO, extracorporeal membrane oxygenation; ICD, implantable cardioverter
defibrillator; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; TAVI, transcatheter aortic valve intervention; VARC, Valve Academic Research Consortium.
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Conclusion

We present a suite of internationally developed and prioritized out-
come measures and their associated definitions for four common car-
diovascular conditions, derived through an expert-led consensus
process. These will be implemented within EuroHeart. Their consistent
use is encouraged in other registries, healthcare systems data, RCTs,
and observational research.
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