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Aims The Valve Academic Research Consortium (VARC), founded in 2010, was intended to (i) identify appropriate clin-
ical endpoints and (ii) standardize definitions of these endpoints for transcatheter and surgical aortic valve clinical
trials. Rapid evolution of the field, including the emergence of new complications, expanding clinical indications, and
novel therapy strategies have mandated further refinement and expansion of these definitions to ensure clinical
relevance. This document provides an update of the most appropriate clinical endpoint definitions to be used in
the conduct of transcatheter and surgical aortic valve clinical research.

...................................................................................................................................................................................................
Methods
and results

Several years after the publication of the VARC-2 manuscript, an in-person meeting was held involving over 50 in-
dependent clinical experts representing several professional societies, academic research organizations, the US
Food and Drug Administration (FDA), and industry representatives to (i) evaluate utilization of VARC endpoint
definitions in clinical research, (ii) discuss the scope of this focused update, and (iii) review and revise specific clinic-
al endpoint definitions. A writing committee of independent experts was convened and subsequently met to fur-
ther address outstanding issues. There were ongoing discussions with FDA and many experts to develop a new
classification schema for bioprosthetic valve dysfunction and failure. Overall, this multi-disciplinary process has
resulted in important recommendations for data reporting, clinical research methods, and updated endpoint defini-
tions. New definitions or modifications of existing definitions are being proposed for repeat hospitalizations, access
site-related complications, bleeding events, conduction disturbances, cardiac structural complications, and
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bioprosthetic valve dysfunction and failure (including valve leaflet thickening and thrombosis). A more granular 5-
class grading scheme for paravalvular regurgitation (PVR) is being proposed to help refine the assessment of PVR.
Finally, more specific recommendations on quality-of-life assessments have been included, which have been tar-
geted to specific clinical study designs.

...................................................................................................................................................................................................
Conclusions Acknowledging the dynamic and evolving nature of less-invasive aortic valve therapies, further refinements of clinic-

al research processes are required. The adoption of these updated and newly proposed VARC-3 endpoints and
definitions will ensure homogenous event reporting, accurate adjudication, and appropriate comparisons of clinical
research studies involving devices and new therapeutic strategies.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Keywords Valve Academic Research Consortium • Transcatheter aortic valve replacement • Transcatheter aortic valve
implantation • Surgical aortic valve replacement • Endpoints • Definitions

Graphical Abstract

...................................................................................................................................................................................................

1826 P. Généreux et al.
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Introduction

The Valve Academic Research Consortium (VARC) was organized
and founded in 2010 in the spirit of the Academic Research
Consortium mission1–3 and included a diverse group of stakeholders
from international societies, academic research organizations, the US
Food and Drug Administration, medical device manufacturers, and in-
dependent clinician experts from interventional cardiology, cardiac
imaging, cardiac surgery, heart failure, and targeted subspecialties
(e.g. neurology) for the purpose of improving the processes, scientific
rigour, and standardization of definitions related to clinical research
in valvular heart disease. The VARC initiative has been driven by the
rapid emergence of less-invasive transcatheter aortic valve replace-
ment (TAVR) therapies for severe aortic stenosis (AS), although this
process has recently expanded to also include important transcath-
eter mitral and tricuspid valve therapies.4–7 The first VARC consen-
sus manuscript in January 2011 focused on selecting appropriate
clinical endpoints and standardizing endpoint definitions for use in
TAVR clinical trials.4 The VARC definitions for clinical endpoints
were rapidly accepted and frequently utilized by the global TAVR
clinical research community.8 However, <2 years later, evolution of
TAVR and the ambiguous nature of certain endpoint definitions
required a VARC-2 follow-up manuscript,5,9 which clarified specific
definitions and expanded the understanding of patient risk stratifica-
tion and case selection.

Worldwide, over 800 000 TAVR procedures have been per-
formed in more than 65 countries. Concurrently, TAVR clinical re-
search has matured and clinical research needs have changed
through the incorporation of findings from key clinical trials, the rapid
development of new clinical indications, and the introduction of new
and iterative medical device technologies. In addition, new advances
in surgical aortic valve replacement (SAVR), and the growing overlap
between interventional and surgical procedures, have mandated a
similar approach to clinical research for both fields. The improvement
in clinical outcomes after TAVR10–14 combined with an emphasis on
lower surgical risk patients in the future will direct greater attention
to important secondary endpoints such as all strokes, repeat hospital-
ization, paravalvular regurgitation (PVR), and conduction disturban-
ces. Similarly, new clinical trials will also rely heavily on carefully
constructed composite safety and composite efficacy endpoints,
many of which will be tailored to the device being studied and the
anticipated risks and benefits (e.g. cerebral protection devices or
large bore vascular closure devices). In the future, device safety
assessments will be facilitated by the more rigorous use of objective
performance criteria derived from contemporary clinical trials and/or
validated national databases, like the ACC/STS Transcatheter Valve
Therapy registry.15,16 Routinely, composite efficacy endpoints will
combine both ‘hard’ clinical outcomes (like death and stroke) with
other ‘softer’ therapy benefit assessments (like a quality-of-life matrix
or a functional assessment, e.g. 6-min walking distance). Finally, as
clinical trials include younger patients (e.g. asymptomatic, ‘all-comer’,
or bicuspid aortic valve studies), there is greater sensitivity to both
early safety concerns and longer-term prosthetic valve function.

The main goal of this VARC-3 consensus manuscript is to provide
an update of these emerging clinical research issues in aortic valve
therapy. A clarification of existing endpoint definitions and a redirec-
tion of endpoint selection for future clinical trials, registries or other

studies can enable clinicians, research scientists, and clinical event
committees to optimally conduct clinical research in the field of aor-
tic valve disease. A detailed summary of important additions and
changes compared with VARC-2 definitions is presented in the
Supplementary material online, Appendix.

Clinical endpoints
VARC-3 recommends the use of clinically relevant endpoints with
consistent definitions, appropriate to the size and type of clinical stud-
ies. Endpoints that VARC-3 considers to be essential to collect, adju-
dicate, and report when performing large, randomized trials or
rigorous observational studies are listed in Table 1. Clinical event
committees for large randomized trials or single-arm registry studies
should include at least one cardiologist and one cardiovascular sur-
geon (both knowledgeable in TAVR and SAVR), and when required,
additional subspecialty physicians (especially a neurologist for studies
in which stroke is part of the primary endpoint). It is crucial to assign
device or procedure-relatedness to the clinical endpoints and to
catalogue event timing relative to the index procedure. Under most
circumstances, early events (especially in the first 30 days) should be
attributed to the device or procedure, unless there is definitive evi-
dence to the contrary.

Mortality
Death is the most objective and unbiased endpoint. All efforts should
be made to accurately determine the status (dead or alive) of all
patients at all time points during study follow-up, including comple-
mentary interrogation of national registry and administrative data-
bases. Establishing the exact cause of death may be difficult,17,18 so
all-cause mortality should remain the preferred primary endpoint
measure. Nevertheless, death should furthermore be classified as
cardiovascular or non-cardiovascular when possible and adjudicated
by a clinical events committee based on narrative summaries and
source documents (Table 2). Any deaths occurring during the pro-
cedure should be considered cardiovascular. Death should be

Table 1 Valve Academic Research Consortium pro-
posed clinical endpoints

Mortality

Neurologic events

Hospitalization (or re-hospitalization)

Bleeding and transfusions

Vascular and access-related complications

Cardiac structural complications

Other procedural or valve-related complications

New conduction disturbances and arrhythmias

Acute kidney injury

Myocardial infarction

Bioprosthetic valve dysfunction

Leaflet thickening and reduced motion

Clinically significant valve thrombosis

Patient-reported outcomes and health status

Composite endpoints
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considered non-cardiovascular only if clearly related to another
cause. When doubt exists regarding the exact cause of death (i.e.
sudden death, unexpected death), it should be considered
cardiovascular.

Death is further classified by the time of occurrence. While
VARC-2 introduced immediate procedural mortality to evaluate dra-
matic complications that occur within the first 72 h post-procedure,5

this endpoint occurs with a low incidence and has not been adopted
in the TAVR literature. Moreover, with patients now being dis-
charged earlier post-procedure,19–24 the usefulness of this measure
has become questionable. Therefore, VARC-3 no longer recom-
mends the use of immediate procedural mortality and recommends
instead the use of periprocedural, early, and late mortality. Death
should be classified as periprocedural if it occurs within 30 days of the
index procedure or beyond 30 days if the patient is still hospitalized
(including transfer to another hospital for continuity of acute care,
but excluding a rehabilitation facility or nursing home). Of particular
importance, the relationship between death and any potential major
periprocedural complication, device failure, malfunction, or misuse
should be determined (Table 2). Besides periprocedural mortality,
collection of early mortality, defined as mortality occurring between
30 days and 1 year after the index procedure, and late mortality
(1 year and beyond after the index procedure) will help to determine
safety and efficacy and to appropriately compare the impact of com-
peting treatment strategies.25,26 Transcatheter aortic valve replace-
ment is now being considered as an alternative therapy in low-risk
patients, many of whom are relatively younger than those at a higher
surgical risk, placing a premium on the assessment of long-term out-
comes >5 years after the index procedure. Longer-time intervals
from the procedure are associated with increased difficulty to accur-
ately determine cardiovascular cause of death. Therefore, all-cause
mortality is a more reliable endpoint for late clinical assessments.
However, to accommodate the need to quantify valve durability in
low-risk patients, VARC-3 also introduces the endpoint of ‘valve-
related’ mortality, defined as cardiovascular mortality adjudicated to
be associated with bioprosthetic valve dysfunction (BVD; see below
bioprosthetic valve dysfunction).

Mortality should be reported as Kaplan–Meier cumulative failure
rates to account for differential follow-up time. Corresponding sur-
vival should be reported as Kaplan–Meier estimates and not as
proportions.

Neurologic events
The occurrence of stroke is considered by patients, physicians, and
device regulators to be one of the most important adverse events fol-
lowing cardiovascular procedures. Periprocedural stroke in this con-
text occurs primarily due to procedure-related central nervous
system (CNS) embolization, while late events may be either device-
related or spontaneous. Despite the substantial decrease in the
reported rate of stroke after TAVR in recent trials,11,13,27–32 stroke
clearly remains an important clinical outcome, and the prevention of
stroke and CNS injury has emerged as an important therapeutic tar-
get with the introduction of cerebral embolic protection devices
(CEPD).33–36 Recent studies have demonstrated that the detection
of overt and covert CNS injury is highly dependent on the intensity
of surveillance, with systematic examination by neurologists and rou-
tine CNS imaging yielding substantially higher event rates.37 This

underscores the importance of accurate ascertainment and standar-
dized adjudication of neurological endpoints in cardiovascular trials.

VARC-3, like the Neurologic Academic Research Consortium
(NeuroARC),38 recommends combining appropriate assessment of
neurologic symptoms with tissue-based criteria [pathology or neuroi-
maging, ideally diffusion-weighted magnetic resonance imaging (DW-
MRI)] for defining stroke and other CNS injury. Table 3 outlines
VARC-3 definitions for stroke and other overt CNS injury, covert
CNS injury, and neurologic dysfunction without CNS injury (transi-
ent ischaemic attack and delirium) in harmonization with recent con-
sensus definitions.38–40 It also includes recommendations for
reporting acute stroke severity and associated disability. Similar to
mortality, neurological events should be defined as being periproce-
dural if they occur within 30 days or during the index hospitalization,
early if they occur within 1 year of the index procedure, or late if they
occur beyond 1 year. Periprocedural neurological events could be
further sub-classified as acute (occurring within 24 h of the index

Table 2 Mortalitya

Causes of mortality

All-cause mortality

Cardiovascular mortality

Death meeting one of the following criteria:
• Related to heart failure, cardiogenic shock, bioprosthetic valve

dysfunction, myocardial infarction, stroke, thromboembolism,

bleeding, tamponade, vascular complication, arrhythmia or

conduction system disturbances, cardiovascular infection (e.g.

mediastinitis, endocarditis), or other clear cardiovascular cause
• Intraprocedural death
• Sudden death
• Death of unknown cause

Valve-related mortality

Death presumed to be related to bioprosthetic valve dysfunctionb

Non-cardiovascular mortality

Death clearly related to a non-cardiovascular cause: such as re-

spiratory failure not related to heart failure (e.g. pneumonia), renal

failure, liver failure, infection (e.g. urosepsis), cancer, trauma, and

suicide

Timing of mortality

Periprocedural mortality

Death meeting one of the following criteria:
• Occurring <_30 days after the index procedure
• Occurring >30 days but during the index hospitalizationc

Early mortality

Death occurring >30 days but <_1 year after the index

hospitalization

Late mortality

Death occurring >1 year after the index hospitalization

aMortality should be reported using Kaplan–Meier methods.
bAs defined in Table 12 and Take home figure.
cIncludes transfer to another hospital or rehabilitation facility for continuity of
acute care, but excludes chronic treatment at a rehabilitation facility or nursing
home.
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.
procedure) or sub-acute (occurring between 24 h and 30 days following
the index procedure). It is important to recognize that the occurrence
of neurologic events is also influenced by patient co-morbidities and
other factors that should be clearly reported (baseline or new-onset
atrial fibrillation, oral anticoagulation or antiplatelet therapy, left atrial ap-
pendage or left ventricle thrombus, carotid artery disease, etc.).

Stroke can be described both in terms of acute severity and subse-
quent disability.40 Acute stroke severity, as assessed by the National
Institutes of Health Stroke Scale (NIHSS), may be reported in clinical
trials, with an NIHSS of 0–5 considered to be a mild stroke, 6–14
moderate, and >_15 severe.41 However, stroke-related disability,
measured using the modified Rankin scale (mRS) continues to be the
preferred classification of stroke within clinical trials40 and should be
collected routinely. Importantly, and conforming to the original
mRS,42 VARC-2, and NeuroARC, stroke should be classified as being
fatal, stroke with disability (mRS >_2 and increase of at least 1 from
baseline) or stroke without disability (mRS <2 or without increase
from baseline). Although neurologic disability is best assessed at
90 days post-event, such follow-up may not be included in some trials
or routinely performed in clinical practice. VARC-3 acknowledges
these practical challenges and considers an assessment performed
30–90 days after a neurologic event acceptable, although this may
lead to an overestimation of the disability associated with stroke and
thus represent a ‘worst-case scenario’. In low surgical risk and
younger patients, since activity, return-to-work, and longevity
expectations are greater, there has been a tendency to reduce the
stroke disability threshold and include all strokes (with and without
disability) as a component of the primary endpoint.11,13

Valve Academic Research Consortium 3 has attempted to har-
monize the above definitions and classifications with Neuro-ARC,
while recognizing that Neuro-ARC definitions may be too detailed
for application in daily practice or within studies not primarily focused
on neurological events. Similarly, the routine use of DW-MRI is both
logistically challenging and expensive, and thus, should be reserved
for dedicated studies related to neuroembolic protection. While the
assessment of neurologic deficits will ideally be performed by a neur-
ologist, assessment by a non-neurologist clinician may be acceptable,
particularly when accompanied by brain imaging to confirm the clinic-
al diagnosis.38,43 However, for CEPD trials, the assessment of neuro-
logic deficits should be performed by a neurologist.

Despite the growing interest in periprocedural, clinically silent
brain infarction39 and neurocognitive impairment (detected by exten-
sive neurocognitive testing),44,45 routine inclusion of these endpoints
in clinical trials remains challenging for several reasons: (i) uncertainty
related to their association with hard clinical endpoints (e.g. mortal-
ity) and quality of life (QOL); (ii) current lack of standardization of
definitions and assessment; (iii) variability in the cognitive domain
ascertained by different neuropsychological tests; and (iv) important
heterogeneity related to test execution.44 Indeed, abnormalities in
neurocognitive testing used in SAVR and TAVR trials have not been
consistently associated with the presence or severity of lesions
detected by MRI.46–53 Nevertheless, given the weight of evidence
suggesting a potential association between silent infarct and cognitive
impairment on longer-term follow-up,54–58 it may be reasonable for
dedicated trials investigating different neuroprotection strategies to
consider including diffusion-weighted MRI and comprehensive neuro-
cognitive testing, among the neurologic endpoints collected.34,35,59

Hospitalization or re-hospitalization
Hospitalization or multiple re-hospitalizations after an index proced-
ure are clinically and economically meaningful endpoints for patients,
third-party payers, and health care systems in general. Recently, hos-
pitalizations as an endpoint in cardiovascular clinical trials have been
elevated in importance, especially when hospitalizations for worsen-
ing heart failure are a consequence of myocardial or valvular heart
disease.6,60–63 Hospitalizations due to worsening heart failure have
been associated with increased early mortality and frequent repeat
hospitalizations.64–66 Using Mitral VARC (MVARC) as a starting plat-
form,6 VARC-3 defines hospitalization (or re-hospitalization) as any
admission to an inpatient unit or hospital ward for >_24 h, including an
emergency department stay (Table 4). Visits to urgent care facilities
or emergency departments for <24 h should also be noted (including
reasons and therapies) and they can be included in this endpoint, only
if substantive intensification of therapy changes are enacted (e.g.
intravenous diuretics, >_50% increase in drug therapy dosages, or add-
ition of new pharmacotherapy agents). In recent heart failure trials,
the association of intensification of medical therapy with all-cause and
cardiovascular mortality was similar to heart failure hospitalizations
and emergency department visits.62 Valve Academic Research
Consortium 3 places emphasis on hospitalizations which are either
procedure-related or valve-related (Table 4). Such hospitalizations
may be due to (i) new complications such as strokes or conduction
disturbances, (ii) exacerbation or deterioration of previous in-
hospital periprocedural complications (e.g. recurrent pleural effusion,
worsening heart failure), (iii) BVD [e.g. PVR, valve thrombosis, endo-
carditis, or structural valve deterioration (SVD)], and (iv) bleeding
complications related to oral anticoagulation or anti-platelet therapy
for valve-related thromboembolic prevention or atrial fibrillation. In
specific clinical trials comparing a strategy of either TAVR or SAVR
vs. clinical surveillance of the diseased native aortic valve (e.g. early
AVR vs. clinical surveillance for asymptomatic severe AS), the pro-
gression of native aortic valve disease resulting in hospitalizations
(due to heart failure, angina, syncope, or other valve-related reasons)
can also be used as a worthwhile clinical endpoint.

Heart failure-related hospitalizations are of special interest and
may be considered as a powered primary endpoint or powered/
hypothesis-driven secondary endpoint in some clinical trials. Valve
Academic Research Consortium 3 requires that new or worsening
heart failure as the predominant reason for a hospital stay >_24 h is
based on symptoms and signs of heart failure with confirmation by
diagnostic tests and necessitating treatment using intravenous or
mechanical heart failure therapies. Heart failure hospitalizations may
be associated with primary (cardiac related) causes or secondary
(non-cardiac related) aetiologies, such as heart failure due to sepsis
or fluid overload in renal failure patients.

Valve Academic Research Consortium 3 recommends dividing
cardiovascular hospitalizations into those that are procedure-related
or valve-related and a separate category of ‘other’ cardiovascular
hospitalizations (Table 4). Examples of ‘other’ cardiovascular hospital-
izations would include hospitalizations associated with acute myocar-
dial infarction (MI) or hypertensive emergencies, which are clearly
unrelated to the valve therapies under investigation. Finally, there
should be a category of non-cardiovascular hospitalizations (exam-
ples in Table 4), which may be common in aortic valve clinical trials

Valve Academic Research Consortium 3 1829
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/42/19/1825/6237954 by U
niversiteit Leiden / LU

M
C

 user on 21 June 2022



Table 3 Neurologic events

Categories of neurologic events

Overt CNS injury (NeuroARC Type 1)

All strokea

• Ischaemic strokeb

Acute onset of focal neurological signs or symptoms conforming to a focal or multifocal vascular territory within the brain, spinal cord, or retina

(NeuroARC Type 1a or 1aH) and fulfilling one of the following criteria:

� Signs or symptoms lasting >_24 h or until death, with pathology or neuroimaging evidence of CNS infarction, or absence of other apparent

causes

� Symptoms lasting <24 h, with pathology or neuroimaging confirmation of CNS infarction in the corresponding vascular territoryc

• Haemorrhagic stroke

Acute onset of neurological signs or symptoms due to intracranial bleeding from intracerebral or subarachnoid haemorrhage not due to trauma

(NeuroARC Types 1b or 1c)
• Stroke, not otherwise specified

Acute onset of neurological signs or symptoms persisting >_24 h or until death but without sufficient neuroimaging or pathology evidence to be

classified (NeuroARC Type 1d)

Symptomatic hypoxic-ischaemic injury

Non-focal (global) neurological signs or symptoms with diffuse brain, spinal cord, or retinal cell death confirmed by pathology or neuroimaging and

attributable to hypotension or hypoxia (NeuroARC Type 1e)

Covert CNS injury (NeuroARC Type 2)

Covert CNS infarctionc or haemorrhage

Neuroimaging or pathological evidence of CNS focal or multifocal ischaemia (NeuroARC Type 2a or 2aH) or haemorrhage (NeuroARC 2b) without

acute neurological symptoms consistent with the lesion or bleeding location

Neurologic dysfunction (acutely symptomatic) without CNS injury (NeuroARC Type 3)

TIA

Transient focal neurological signs or symptoms lasting <24 h presumed to be due to focal brain, spinal cord, or retinal ischaemia, but without evidence

of acute infarction by neuroimaging or pathology, or with no imaging performed (NeuroARC Type 3a or Type 3aH)

Delirium without CNS injury

Transient non-focal neurological signs or symptoms, typically of variable duration, without evidence of infarction on neuroimaging or pathology, or

with no imaging performed (NeuroARC Type 3b)

Stroke gradinga

Acute stroke severityd

• Mild neurological dysfunction: NIHSS 0-5
• Moderate neurological dysfunction: NIHSS 6-14
• Severe neurological dysfunction: NIHSS >_15

Stroke disabilitye

• Fatal Stroke: death resulting from a stroke
• Stroke with disability: mRS score of >_2 at 90 dayse and increase of >_1 from pre-stroke baseline
• Stroke without disability: mRS score of 0 (no symptoms) or 1 (able to carry out all usual duties and activities) at 90 dayse or no increase in mRS cat-

egory from pre-stroke baseline

Neurological events timing

• Periprocedural: Occurring <_30 days after the index procedure
• Acute: Occurring <_24 h after the index procedure

• Sub-acute: Occurring >24 h and <_30 days after the index procedure
• Early: Occurring >30 days and <_1 year after the index procedure
• Late: Occurring >1 year after the index procedure

CNS, central nervous system; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; TIA, transient ischaemic attack.
aIn general, all studies should report at a minimum all stroke and stroke disability.
bIncludes haemorrhagic conversions when ischaemic infarction is the primary mechanism.
cWhen CNS infarction location does not match transient (<24 h) symptoms, the event should be classified as covert CNS infarction (NeuroARC Type 2a) and TIA
(NeuroARC Type 3a), not as an ischaemic stroke.
dSeverity assessment should be performed at the time of stroke diagnosis using the NIHSS.
eDisability assessment using the mRS should be performed between 30 and 90 days with 90 days being optimal.
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.wherein patients are frequently elderly or have multiple co-
morbidities.

To account for multiple re-hospitalizations, it is possible to also
consider the total number of hospitalizations rather than the time-to-
first event, as demonstrated in the recent Cardiovascular Outcomes
Assessment of the MitraClip Percutaneous Therapy for Heart Failure
Patients With Functional Mitral Regurgitation (COAPT) trial.63 All
hospitalizations and re-hospitalizations must be carefully adjudicated
by a clinical events committee with available source documents.

Bleeding complications and blood
transfusions
Bleeding complications are frequent after TAVR and SAVR and are
associated with increased short- and long-term mortality.67–73

Besides the procedure, many other factors, including patient co-
morbidities (e.g. renal insufficiency), associated conditions (e.g.

angiodysplasia), and concomitant therapies (e.g. oral anticoagulation,
anti-platelet agents), predispose patients to bleeding.74,75 Therefore,
it is essential to report periprocedural and long-term bleeding events
and to identify relevant contributing factors.

Prior VARC consensus documents used the terms ‘minor’, ‘major’,
and ‘life-threatening’ to characterize the severity of bleeding
events.5,76 While this classification offers an intuitively appealing gen-
eral grading system for bleeding severity,77 the nomenclature may
not appropriately describe the true magnitude and clinical impact of
bleeding which occurs during surgical procedures. For example, sig-
nificant bleeding occurring during an open SAVR that would have
been classified as ‘life-threatening’ by VARC-2 criteria may be antici-
pated and inherent to the SAVR procedure. Therefore, the former
subjective classifications have been modified into a more descriptive
classification scheme, similar to the Bleeding Academic Research
Consortium (BARC) bleeding classification3: Type 1 (minor), Type 2

Table 4 Hospitalization (or re-hospitalization)

Definition

Any admission after the index hospitalization or study enrolment to an inpatient unit or hospital ward for >_24 h, including an emergency department

stay. Hospitalizations planned for pre-existing conditions are excluded unless there is worsening of the baseline condition. Visits to urgent care centres

or emergency departments <24 h may also be included if substantive intensification of therapy changes (e.g. heart failure episodes) are enacted (e.g.

intravenous diuretics, significant increases in drug therapy dosages or addition of new pharmacotherapy agents)

Categories of hospitalization

Cardiovascular hospitalization

Procedure-related or valve-related hospitalization

• Hospitalization for new complications such as stroke, bleeding (e.g. haemothorax, retroperitoneal haematoma), pericardial effusion, vascular

or access-site complication (e.g. limb ischaemia, wound infection), new conduction disturbance or arrhythmia (e.g. atrioventricular block, atrial fib-

rillation), acute kidney injury, or any other procedure-related new complication, including periprocedural valve-related heart failure (e.g. paravalv-

ular leak, worsening LV function, worsening sub-valvular obstruction)
• Exacerbation or deterioration of previous in-hospital periprocedural complication

(e.g. ventilator-induced pneumonia, recurrent pericardial or pleural effusion, recurrent haemothorax, valve-related heart failure)

• Bioprosthetic valve dysfunctiona such as valve thrombosis, endocarditis, structural valve deterioration, or non-structural valve dysfunction
• Untreated diseased native aortic valveb or its related consequences such as heart failure, syncope, angina, new-onset arrhythmia, endocarditis,

or any other symptoms or consequences related to the untreated native aortic valve
• Bleeding complications related to oral anticoagulation or antiplatelet therapy for valve-related thromboembolic prevention or atrial fibrillation
• Heart failure-related hospitalizationsc requiring that new or worsening heart failure be the predominant reason for a hospital stay >_24 h on

the basis of symptoms and signs of heart failure with confirmation by diagnostic tests and necessitating treatment using intravenous or mechanical

heart failure therapies. Includes primary (cardiac related) and secondary (non-cardiac related)

Other cardiovascular hospitalization

• Cardiovascular hospitalization not directly related to the index procedure or the untreated native aortic valve

Including: acute myocardial infarction or chronic coronary artery disease, hypertension, arrhythmia (not related to the procedure or aortic valve),

heart failure from other specific and proven aetiologies (e.g. cardiomyopathies, concomitant untreated non-aortic valvular disease, severe right

ventricular dysfunction), peripheral vascular disease

Non-cardiovascular hospitalization

• Hospitalization not due to cardiovascular causes as defined above

Including: non-cardiovascular infection and sepsis (e.g. urosepsis), respiratory failure that is not related to heart failure (e.g. pneumonia), renal fail-

ure, liver failure, delirium or dementia, cancer, trauma, or psychiatric illness

aAs defined in Table 12 and Take home figure.
bUntreated diseased native aortic valve in the context of a strategy trial comparing transcatheter or surgical aortic valve replacement to clinical surveillance with medical ther-
apy, as appropriate.
cSome trials may choose to focus on an endpoint of heart failure-related hospitalization.
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(major), Type 3 (life-threatening), and Type 4 (leading to death)
bleeding (Table 5).

‘Overt’ bleeding is defined as any bleeding with a clinically obvious
source (e.g. neurologic, gastrointestinal, haemothorax, access-site
related, any procedural-related bleeding) or with a source identified
after appropriate clinical investigation and diagnostic testing (mainly
imaging). Importantly, any procedural blood loss should be consid-
ered overt bleeding.

Given the adverse prognostic implications of blood transfu-
sions,67,72,78 the exact volume, time relative to the index procedure,
and specific indication for each blood transfusion should be reported,
whether or not it was associated with overt bleeding. The total num-
ber of transfusions should be reported for the index procedure hos-
pitalization and for any subsequent repeat hospitalization.
Additionally, in order to better reflect the severity and acuity of peri-
procedural bleeding events, the number of transfusions received
within 48 h of the index procedure should be reported separately.
Finally, VARC-3 acknowledges that many bleeding scales have been
developed, validated, and used in clinical trials.79–83 Given the uncer-
tainty regarding which scale is the most optimal, the BARC bleeding
classification should also be prospectively recorded to complement
the VARC-3 bleeding scale, especially for non-periprocedural and
late (>1 year) bleeding events.3

Vascular and access-related
complications
While the frequency of vascular complications has decreased signifi-
cantly with iterative improvements in TAVR device delivery system
profile,84 the use of multiple alternative access approaches (sub-
clavian, axillary, transcaval, transcarotid, direct aortic, suprasternal
aortic, etc.) and novel percutaneous vascular closure device systems
reinforce the need to appropriately capture and report access site-
related complications.85–95 VARC-3 now expands the classic defini-
tions of major and minor vascular complications to better capture
and classify vascular complications related to these emerging
approaches (Table 6). Valve Academic Research Consortium 3 also
introduces a new sub-category of complications related to access but
not directly vascular in nature (access-related non-vascular complica-
tions). These complications include injuries involving structures sur-
rounding the access site [e.g. lung (pneumothorax), nerves], non-
vascular infection of access sites, and also any complication related to
trans-apical approach. Surgical complications related to opening or
closing the chest wall or sternum (e.g. sternum instability, wound de-
hiscence, mediastinitis) should also be classified as access-related
non-vascular complications.

Vascular and access-site-related complications include any com-
plication occurring from the actual entry site (e.g. femoral artery

Table 5 Bleeding and transfusionsa

Overt bleedingb that fulfils one of the following criteria:

Type 1

• Overt bleeding that does not require surgical or percutaneous intervention, but does require medical intervention by a health care professional,

leading to hospitalization, an increased level of care, or medical evaluation (BARC 2)
• Overt bleeding that requires a transfusion of 1 unit of whole blood/red blood cellsc (BARC 3a)

Type 2

• Overt bleeding that requires a transfusion of 2–4 units of whole blood/red blood cellsc (BARC 3a)
• Overt bleeding associated with a haemoglobin drop of >3 g/dL (>1.86 mmol/L) but <5 g/d (<3.1 mmol/L) (BARC 3a)

Type 3

• Overt bleeding in a critical organ, such as intracranial, intraspinal, intraocular, pericardial (associated with haemodynamic compromise/tamponade

and necessitating intervention), or intramuscular with compartment syndrome (BARC 3b, BARC 3c)
• Overt bleeding causing hypovolemic shock or severe hypotension (systolic blood pressure <90 mmHg lasting >30 min and not responding to vol-

ume resuscitation) or requiring vasopressors or surgery (BARC 3b)
• Overt bleeding requiring reoperation, surgical exploration, or re-intervention for the purpose of controlling bleeding (BARC 3b, BARC 4)
• Post-thoracotomy chest tube output >_2 L within a 24-h period (BARC 4)
• Overt bleeding requiring a transfusion of >_5 units of whole blood/red blood cells (BARC 3a)c

• Overt bleeding associated with a haemoglobin drop >_5 g/dL (>_3.1 mmol/L) (BARC 3b).

Type 4

• Overt bleeding leading to death. Should be classified as:
• Probable: Clinical suspicion (BARC 5a)

• Definite: Confirmed by autopsy or imaging (BARC 5b)

aThe timing, indication, and number of transfused blood products should be collected and reported specifically during the index procedure, during the entire index hospitaliza-
tion, and during follow-up after discharge, whether or not overt bleeding is identified.
bOvert bleeding is defined as any clinically obvious source of bleeding or bleeding source identified after appropriate investigation and diagnostic testing (e.g. imaging). Any pro-
cedural blood loss should be considered overt bleeding.
cTotal number of transfusions should be reported separately for (i) within 48 h of the index procedure, (ii) the total duration of the index procedure hospitalization, and (iii)
during any subsequent repeat hospitalization.
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or vein, subclavian or axillary artery, carotid artery, aorta, left ven-
tricle apex, sternum, etc.), the insertion or removal of the device
or any of its components/accessories (including needle, wire, dila-
tor, sheath, and catheter), and the delivery process of the device,
but exclude any complication associated with the actual device
implantation in the heart. Any complications involving cardiac
structures per se (e.g. aortic valve annulus, left ventricle outflow
tract, left or right ventricle) should be reported specifically under
cardiac structural complications and are not considered vascular

in nature (see Cardiac structural complications section below).
The specific case of complications related to the transapical ap-
proach, where the apex of the left ventricle is used as an entry
point to deliver the device, should be classified as access-
related non-vascular complications. On the other hand, left
ventricle perforation originating from wire perforation from a
transfemoral approach should be considered as a cardiac struc-
tural complication. Vascular complications should include com-
plications related to the primary vascular access site for a

Table 6 Vascular and access-related complicationsa

Vascular complicationsb

Major

One of the following:

• Aortic dissection or aortic rupture
• Vascular (arterial or venous) injury (perforation, rupture, dissection, stenosis, ischaemia, arterial or venous thrombosis including pulmonary em-

bolism, arteriovenous fistula, pseudoaneurysm, haematoma, retroperitoneal haematoma, infection) or compartment syndrome resulting in death,

VARC type >_2 bleeding, limb or visceral ischaemia, or irreversible neurologic impairment
• Distal embolization (non-cerebral) from a vascular source resulting in death, amputation, limb or visceral ischaemia, or irreversible end-organ

damage
• Unplanned endovascular or surgical intervention resulting in death, VARC type >_2 bleeding, limb or visceral ischaemia, or irreversible neurologic

impairment
• Closure device failurec resulting in death, VARC type >_2 bleeding, limb or visceral ischaemia, or irreversible neurologic impairment

Minor

One of the following:

• Vascular (arterial or venous) injury (perforation, rupture, dissection, stenosis, ischaemia, arterial or venous thrombosis including pulmonary em-

bolism, arteriovenous fistula, pseudoaneurysm, haematoma, retroperitoneal haematoma, infection) not resulting in death, VARC type >_2 bleeding,

limb or visceral ischaemia, or irreversible neurologic impairment
• Distal embolization treated with embolectomy and/or thrombectomy, not resulting in death, amputation, limb or visceral ischaemia, or irreversible

end-organ damage
• Any unplanned endovascular or surgical intervention, ultra-sound guided compression, or thrombin injection, not resulting in death, VARC type

>_2 bleeding, limb or visceral ischaemia, or irreversible neurologic impairment
• Closure device failurec not resulting in death, VARC type >_2 bleeding, limb or visceral ischaemia, or irreversible neurologic impairment

Access-related non-vascular complications

Major

One of the following:

• Non-vascular structure, non-cardiac structured perforation, injury, or infection resulting in death, VARC type >_2 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, VARC type >_2 bleeding, irreversible

nerve injury or requiring unplanned surgery or percutaneous intervention
Minor

One of the following:

• Non-vascular structure, non-cardiac structured perforation, injury, or infection not resulting in death, VARC type >_2, 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, VARC type >_2 bleeding, irrevers-

ible nerve injury or requiring unplanned surgery or percutaneous intervention

aAny complication related to the device insertion, delivery, and complete removal of all its components (delivery catheter, sheath, guide wire), excluding the actual implantation
in the heart.
bAny device-related vascular access site and any other accessory access sites (venous or arterial) used during procedure.
cA failure to achieve haemostasis at the access site, resulting in alternative treatment (other than manual compression or planned adjunctive endovascular balloon inflation).
dIncluding, but not limited to, the lung (e.g. pneumothorax), direct nerve injury, access site or wound infection, mediastinitis, sternal instability, wound dehiscence, and inability
to close the chest.
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transcatheter device, as well as any accessory vascular access
sites (venous or arterial) used during TAVR or SAVR (e.g.
contralateral venous or arterial femoral access, radial access,
surgical cannula, haemodynamic support).96 Vascular and
access-site-related complications may include those occurring
acutely during the procedure or at a delayed time (e.g. pseu-
doaneurysm, fistula, access-site infection).

Closure device (sutures-based, collagen-based, patch-based, or
membrane based) failure is an important sub-category of vascular
complications that should also be captured and reported as a distinct
entity.91,97,98 Closure device failure is defined as failure to achieve
successful haemostasis at the access site, leading to alternative treat-
ment (other than manual compression or planned adjunctive endo-
vascular balloon dilation).

Complications involving surgical access, including sternal wound in-
fection, sternal dehiscence, sternal instability, or inability to close the
chest, should be reported as access-related non-vascular
complications.

Cardiac structural complications
Valve Academic Research Consortium 3 introduces a new category
of complications deemed to capture and classify injury of any cardiac
structure occurring during the procedure (Table 7). These include in-
jury involving the aortic annulus, left ventricle outflow tract, ventricu-
lar septum, left or right ventricle, left or right atrium, mitral valve
apparatus, tricuspid valve apparatus, and coronary sinus.99–102 It also
includes any new procedure-related pericardial effusion, which usual-
ly originates from injury of a cardiac structure, and any new un-
planned intra-cardiac communication, resulting in a significant shunt
(Qp/Qs >_ 1.5:1).

Coronary obstruction represents an important complication asso-
ciated with poor prognosis.103–106 Valve Academic Research
Consortium 3 recommends that any coronary obstruction leading to
death, haemodynamic compromise, MI, or unplanned surgical or per-
cutaneous coronary intervention should be reported and classified as
a major cardiac structural complication. Timing of occurrence should
be carefully collected, acknowledging the potential for delayed cor-
onary occlusion.107,108 Similarly, any subsequent failure to access op-
timally the coronary artery ostium should be reported, and those
precluding the completion of a planned coronary procedure (diag-
nostic or intervention) or resulting in haemodynamic compromise,
MI, unplanned surgical or percutaneous intervention, or death should
be classified as a major cardiac structural complication.109–111

Other procedural valve-related
complications
In addition to previously described endpoints, Table 8 provides a list
of several important procedure-related endpoints that should be
reported. These include the need for conversion to open surgery,
the use of unplanned haemodynamic support, valve malposition, and
PVR (see section on Assessment of Aortic Valve Function and
Haemodynamics for a more detailed description of PVR).8,112–114

Conduction disorders and arrhythmias
New cardiac conduction disturbances and arrhythmias, including
atrial fibrillation, left bundle branch block (LBBB), atrioventricular

block, or other abnormalities requiring permanent pacemaker and/or
implantable cardioverter-defibrillator implantation, are among the
most frequent complications of aortic valve procedures.115–127

Table 7 Cardiac structural complications

Major

One of the following:

• Cardiac structurea perforation, injury, or compromise resulting

in death, VARC type >_2 bleeding, haemodynamic compromise

or tamponade, or requiring unplanned surgical or percutan-

eous intervention
• New pericardial effusion resulting in death, VARC type >_2

bleeding, haemodynamic compromise or tamponade, or

requiring unplanned surgical or percutaneous intervention
• Coronary obstructionb resulting in death, haemodynamic com-

promise, myocardial infarction, or unplanned surgical or percu-

taneous intervention. Coronary obstruction may be acute (during

the procedure) or delayed (after completion of the procedure).
• Coronary artery access difficulties for needed coronary angi-

ography or intervention, resulting in death, haemodynamic

compromise, myocardial infarction, coronary or aortic root in-

jury, compromise in aortic valve prosthesis integrity, un-

planned surgical or percutaneous intervention, or the inability

to perform the intended procedure

Minor

One of the following:

• Cardiac structurea perforation, injury, or compromise not

resulting in death, VARC type >_2 bleeding, haemodynamic

compromise or tamponade, or requiring unplanned surgical or

percutaneous intervention
• New pericardial effusion not resulting in death, VARC type >_2

bleeding, haemodynamic compromise or tamponade, or

requiring unplanned surgical or percutaneous intervention
• Coronary obstruction not resulting in death, haemodynamic

compromise, myocardial infarction, or unplanned surgical or

percutaneous intervention
• Coronary artery access difficulties for needed coronary angi-

ography or intervention, not resulting in death, haemodynamic

compromise, myocardial infarction, coronary or aortic root in-

jury, compromise in aortic valve prosthesis integrity, un-

planned surgical or percutaneous intervention, or the inability

to perform the intended procedure

aAortic annulus, left ventricular outflow tract, ventricular septum, left or right
ventricle, atrial septum, left or right atrium, mitral valve apparatus, tricuspid valve
apparatus, coronary artery, and coronary sinus. Also includes any new inter-car-
diac cavity communication (e.g. VSD), and new left-to-right or right-to-left shunt.
bAngiographic or echocardiographic evidence of a new partial or complete ob-
struction of a coronary ostium or an epicardial coronary artery, either by the
valve prosthesis itself, the native leaflets, embolized material (e.g. calcification,
thrombus, and/or tissue), external device compression, or the consequence of
coronary artery instrumentation (e.g. dissection, occlusion, embolization), occur-
ring during or after the procedure, and with objective evidence of ischaemia (i.e.
new ST-segment deviation on electrocardiogram) or symptoms. Excludes coron-
ary complications due to a concomitant or subsequent planned percutaneous
intervention for significant coronary artery disease.
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Studies have shown that both pre-existing and new-onset conduction
disturbances and arrhythmias may impact prognosis after AVR.128–133

Baseline conduction abnormalities, including 1st-degree atrioven-
tricular block, right bundle branch block (RBBB), and LBBB have also
been shown to increase the risk of permanent pacemaker implant-
ation after AVR.127,134 Moreover, a recent expert consensus docu-
ment has proposed a stratification scheme based on the presence or
absence of baseline ECG findings (RBBB, PR interval) and the devel-
opment of new conduction disturbances post-AVR (new LBBB, PR,
or QRS prolongation, or new atrioventricular block).135 Given these
considerations, it is recommended that all studies at minimum report
the baseline and post-procedure presence of the most important
conduction disturbances and arrhythmias, including those that have
been shown to alter prognosis or predict permanent pacemaker im-
plantation (Table 9). Studies specifically investigating conduction dis-
turbances and arrhythmias may wish to collect and report more
granular data, collected at more frequent time-points. These studies
may also collect additional information regarding therapies, including
anti-arrhythmic agents, chronotropic agents, temporary pacemakers,
ablation, oral anticoagulants, or left atrial appendage occlusion.

Conduction disturbances and arrhythmias, particularly LBBB, high-
degree atrioventricular block, and atrial fibrillation, can be transient or
persistent after AVR.121,137 Substantial variability exists across studies
in the rates of these complications, which may in part be due to

significant differences in the frequency of ascertainment and defini-
tions used. Valve Academic Research Consortium 3 recommends the
collection of 12-lead electrocardiograms (ECGs) at a minimum, at
baseline, as early as feasible after the procedure, daily during hospital-
ization, and at regular follow-up intervals (at least 30 days and yearly).
It is also recommended that standardized consensus definitions for
conduction disturbances be adopted. Specifically, the diagnosis of
LBBB should follow the American Heart Association/American
College of Cardiology Foundation/Heart Rhythm Society recommen-
dation.138 Given the substantial resolution of new LBBB within the
first 30 days after AVR,139 VARC-3 now proposes the following defin-
ition to better characterize LBBB occurrence: transient LBBB
(resolved before discharge or within 7 days post-AVR in case of pro-
longed hospitalization), persistent LBBB (present at hospital discharge
or until Day 7 post-AVR in case of prolonged hospitalization), or per-
manent LBBB (present at 30 days and beyond). Similarly, VARC-3
proposes to categorize the timing of occurrence of important con-
duction disorders as procedural (occurring <_24 h after the index pro-
cedure) or delayed (occurring >24 h after the index procedure).

New-onset atrial fibrillation (or flutter) is defined as any arrhyth-
mia during the index hospitalization that has the ECG characteristics
of atrial fibrillation (or flutter) and lasts sufficiently long to be
recorded on a 12-lead ECG or at least 30 s on a rhythm strip. Its dur-
ation (both pre- and post-index procedure) is characterized as being
paroxysmal, persistent, long-standing persistent, or permanent
(Table 9). Valve Academic Research Consortium 3 endorses the defi-
nitions provided by AHA/ACCF/HRS guidelines and recommenda-
tions for standardization and interpretation of ECGs,138,140,141 but
proposes a further classification regarding the timing of occurrence
of new-onset atrial fibrillation: periprocedural if it occurs within
30 days of the index procedure and late/spontaneous, if it occurs be-
yond 30 days of the index procedure.

Finally, it is problematic that many studies have reported the rate
of new permanent pacemaker requirement as a percentage of the en-
tire study population.142 Valve Academic Research Consortium 3
now explicitly recommends that the calculation of the rate of new
permanent pacemaker implantation exclude from the denominator
patients with prior permanent pacemaker, who are not at risk for the
outcome. This, in addition to reporting of the timing and indication
for permanent pacemaker implantation, should help to facilitate com-
parisons across studies. The same principle applies to the reporting
of the rates of other conduction disturbances (LBBB) and arrhyth-
mias (atrial fibrillation) that may pre-date the aortic valve procedure.

Acute kidney injury
Acute kidney injury after TAVR or SAVR is a complication associated
with poor prognosis.143–147 Valve Academic Research Consortium 3
recommends using the widely recognized Kidney Disease: Improving
Global Outcomes (KDIGO) definition of acute kidney injury148

(Table 10). Acknowledging the challenges related to the use of urine
output as a criterion in daily practice,149,150 serum creatinine criteria
should be the default criteria, and the urine output definition can be
considered in the setting of dedicated acute kidney injury stud-
ies.91,151 The need for new renal replacement therapy (temporary or
permanent) should now be reported as a separate entity (acute kid-
ney injury stage 4). As described in the above section, the

Table 8 Other acute procedural and technical valve-
related complicationsa

Conversion to open surgery

Conversion to open sternotomy or thoracotomy using cardiopul-

monary bypass secondary to any procedure-related complication or

failed intended transcatheter approach. Should be classified as:
• Intraprocedural conversion: during the index procedure
• Periprocedural conversion: <_30 days after the index procedure
• Delayed conversion: >30 days after the index procedure

Unplanned use of mechanical circulatory supportb

Implantation of multiple (>1) transcatheter valves during

the index hospitalization

Valve malposition

Should be classified as:
• Valve migration: After initial correct positioning, the valve pros-

thesis moves upward or downward, within the aortic annulus

from its initial position, without valve embolization
• Valve embolization: The valve prosthesis moves either upward

or downward after final deployment such that it loses contact

with the aortic annulus
• Ectopic valve deployment: Irretrievable deployment of a valve

prosthesis at a site other than the intended position because

of valve embolization or inability to deliver the prosthesis to

the desired location

Paravalvular regurgitation (see Table 16)

aIndividual events should be collected so that specific event rates can be
determined.
bMechanical circulatory support includes: cardiopulmonary bypass (CPB), extra-
corporeal membrane oxygenation (ECMO), transcatheter pumps (e.g. Impella)
or intra-aortic balloon pump (IABP).
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denominator for dialysis should exclude patients already on chronic
dialysis prior to the aortic valve procedure.

While VARC-3 recognizes that eGFR is widely used clinically to clas-
sify severity of renal dysfunction, the KDIGO guidelines have not
adopted changes in eGFR for AKI classification, and as such, VARC-3

will follow the same classification. Valve Academic Research
Consortium 3 also acknowledges the challenges in following creatinine
levels beyond 48 h, especially in the context of early discharge.
Creatinine levels should be measured at a minimum, at baseline
and within 24 h post-procedure, and ideally daily up to 48 h

Table 9 Conduction disturbances and arrhythmias

Pre-index procedure

Conduction disturbances

� 1st-degree AV block

� 2nd-degree AV block

� Left bundle branch block

� Right bundle branch block

� IVCD with QRS >_120 ms

� Bradycardia (heart rate <60 b.p.m.) or SSS

Permanent pacemaker

� Type of permanent pacemaker should be recorded (e.g. single chamber, dual chamber, biventricular, defibrillator)

Atrial fibrillation (or flutter)

� Paroxysmal, persistent, long-standing persistent, or permanent

During or after index procedurea

Conduction disturbances

� 1st-, 2nd-, 3rd-degree AV block

� Left bundle branch block

� IVCD with QRS >_120 ms

� New-onset: defined as a new conduction disturbance relative to baseline

� Timing of occurrence:

� Procedural: <_24 h after the index procedure

� Delayed: >24 h after the index procedure

� Duration:

� Transient: resolved before discharge or <_7 days after the index procedure in case of prolonged hospitalization

� Persistent: present at hospital discharge or >7 days after the index procedure in case of prolonged hospitalization

� Permanent: present >30 days after the index procedure

Permanent pacemaker

� Type: single, dual, biventricular, defibrillator, leadless

� Timing: No. of days after the index procedure

� Indication: including AV Block, SSS

Atrial fibrillation (or flutter)

� New-onset: defined as any arrhythmia that was not present at baseline that has the ECG characteristics of atrial fibrillation (or flutter) and lasts

sufficiently long to be recorded on a 12-lead ECG or at least 30 s on a rhythm strip

� Timing of occurrenceb:

� Periprocedural: <_30 days after the index procedure

� Late/spontaneous: >30 days after the index procedure

� Durationb:

� Paroxysmal: atrial fibrillation that terminates spontaneously or with intervention <_7 days of onset.

� Persistent: Continuous atrial fibrillation that is sustained >7 days.

� Long-standing persistent: Continuous atrial fibrillation >12 months in duration.

� Permanent: Used when the patient and clinician make a joint decision to stop further attempts to restore and/or maintain sinus rhythm.

AF, atrial fibrillation or atrial flutter; AV, atrioventricular; ECG, electrocardiogram; IVCD, intraventricular conduction delay; SSS, sick sinus syndrome.
aThe calculation of new pacemaker rates should exclude patients with pre-existing pacemaker. The same principle applies to reporting of rates of new conduction disturbances
and arrhythmias.
bFrom January et al.136
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post-procedure. If post-procedure values are increased compared with
baseline, an additional value should be drawn, and serial measures
should be assessed until the creatinine declines from its peak value.

Myocardial infarction
Characterizing myocardial injury after SAVR or TAVR is important
and should be reported appropriately.152–157 Despite a growing body
of evidence related to the potential clinical impact of different
degrees of myocardial injury post-valve replacement,158 many chal-
lenges remain regarding the diagnosis, adjudication, and comparison
of MI post-AVR procedures: (i) the different degrees of myocardial
injury inherent to different techniques and approaches (e.g. SAVR vs.
alternative access TAVR vs. transfemoral TAVR), (ii) the use of differ-
ent biomarkers (creatine kinase-MB, standard troponin, high-
sensitivity troponin) with variable sensitivities and availability, (iii) the
arbitrary (and evolving) nature of MI definitions used in cardiovascu-
lar trials, and (iv) the lack of strong and conclusive evidence of associ-
ation with hard clinical outcomes, especially among patients
undergoing AVR. In the absence of definitive data, and given the high
incidence of concomitant coronary disease159–162 and potential need
for coronary revascularization,111,163–165 VARC-3 endorses the gen-
eral classification of the Fourth Universal Myocardial Definition in
regards to spontaneous MI (Type 1), imbalance between oxygen sup-
ply and demand (Type 2), MI leading to death (Type 3), and MI related
to coronary stent thrombosis (Type 4B) and coronary restenosis
(Type 4C).166 However, for periprocedural MI post-percutaneous
coronary intervention (Type 4A) and post-coronary artery bypass
graft (Type 5), VARC-3 endorses the modified SCAI167 and ARC-
2168 definition, which provide a common biomarker (troponin or
CK-MB) threshold for both PCI and CABG, and proposes to use the
same definition for periprocedural MI post-SAVR and TAVR. Given
that most current and future studies related to AVR strategies will in-
volve long-term follow-up, with patients frequently suffering from
coronary artery disease, VARC-3 believes that these definitions will
allow the most appropriate characterization and classification of
types of MI occurring in this population.6,166 Periprocedural biomark-
er elevations not meeting the criteria for MI should be categorized as
‘myocardial injury not meeting MI criteria’, and the implications of
these lower levels of myonecrosis should be carefully examined.
Importantly, biomarker elevations in the context of valve-related
complications such as acute or delayed coronary occlusion, or failure
to appropriately engage the coronary ostium, with subsequent com-
plications during a coronary procedure, should also be classified as
cardiac structural complications (Table 11).

Biomarkers of myocardial injury should be collected prior to the pro-
cedure and be performed twice within the first 24 h post-procedure. If
the biomarker level at either time point is elevated by >_50% compared
with baseline, serial measures should be drawn until the peak has been
reached and the levels begin to decline. All patients should also have a
baseline 12-lead ECG, and this should be repeated as soon as feasible
after the AVR procedure and daily until hospital discharge.

Mechanical aortic valve and autograft
root replacement
European and American guidelines currently recommend the use of
bioprosthetic valves in patients above the age of 65 and 70 years old,

respectively.170,171 Both guidelines also support the use of mechanical
valves for patients below the age of 60 years old. Mechanical aortic
prostheses have the advantage of prolonged durability, although they
require systemic oral anticoagulation and are thus associated with
increased bleeding risks over time.172,173 The decision-making pro-
cess in the selection of prosthesis type includes factors such as: (i) life
expectancy and potential need for re-intervention, (ii) bleeding risk,
(iii) patient lifestyle, (iv) concomitant co-morbidities requiring lifetime
oral anticoagulation or affecting bioprosthetic valve durability, and (v)
patient preferences.174 Some mechanical heart valves require a lower
level of systemic anticoagulation, which is expected to lower the risk
of long-term bleeding.175,176 Recently, a novel biopolymer-based leaf-
let material has been developed, raising hopes for a heart valve im-
plant with prolonged durability and no need for oral
anticoagulation.177 Finally, in younger and middle-aged adults, auto-
graft implantation (Ross Procedure) represents a viable option.178,179

While the VARC-3 criteria for valve degeneration and failure pre-
sented below mainly focus on bioprosthetic valves, the modes of fail-
ure are similar for mechanical implants and autograft replacements as
well (structural failure, non-structural failure, endocarditis, throm-
bosis), though they also include re-intervention for recurrent/life-
threatening bleeding or pulmonary valve insufficiency. The VARC-3
classification characterizing mode of valve failure could also be
applied to other types of aortic valve implants, and the reasons for
associated re-intervention should be appropriately captured.

Table 10 Acute kidney injurya

Stage 1

AKI that fulfils at least one of the following criteria:
• Increase in serum creatinine >_150–200% (>_1.5–2.0� increase)

within 7 days compared with baseline
• Increase of >_ 0.3mg/dL (>_26.4 mmol/L) within 48 h of the

index procedure

Stage 2

AKI that fulfils the following criterion:
• Increase in serum creatinine >200–300% (>2.0–3.0� increase)

within 7 days compared with baseline

Stage 3

AKI that fulfils at least one of the following criteria:
• Increase in serum creatinine >300% (>3.0� increase) within 7

days compared with baseline
• Serum creatinine >_4.0 mg/dL (>_354 mmol/L) with an acute in-

crease of >_0.5 mg/dL (>_44 mmol/L)

Stage 4

AKI requiring new temporary or permanent renal replacement

therapy

Adapted from Clinical Practice Guidelines for Acute Kidney Injury 2012. https://
kdigo.org/guidelines/acute-kidney-injury/.
AKI, acute kidney injury.
aGiven practical challenges with the use of urine output criteria in daily practice,
AKI should be solely defined based on serum creatinine values. Acute kidney in-
jury defined by urine output using the following criteria might be used in the con-
text of a dedicated AKI study: AKI Stage 1: Urine output <0.5 mL/kg/h for >_6 but
<12 h; AKI stage 2: Urine output <0.5 mL/kg/h for >_12 but <24 h; AKI stage 3:
Urine output <0.3 mL/kg/h for >_24 h or anuria for >_12 h.
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Bioprosthetic valve dysfunction
Take home figure summarizes endpoints for both structural and
non-structural bioprosthetic valve dysfunction (BVD) and depicts
the recommended decision tree for classification of aetiology and
severity of BVD, consistent with recently published consensus
documents.180–183 In most instances, BVD is a progressive process
that requires serial longitudinal assessments of clinical status, as

well as valve morphology, function, and haemodynamics.
Classification of BVD is further detailed in Table 12 and haemo-
dynamic criteria for assessment of BVD severity in Table 13. Of
note, due to the inherent variability of echocardiographic imaging
and assessment, as well as fluctuations in blood flow which can re-
sult in changes to Doppler measurements, a definite diagnosis of
SVD should not rely on the measurement of a single

Table 11 Myocardial infarction (adapted from 4th Universal, SCAI and ARC-2 definitions)

Type 1 (Spontaneous MI) (>48 h after the index procedure)a

• Detection of a rise and/or fall of cTn values with at least one value above the 99th percentile URL with at least one of the following:

� Symptoms of acute ischaemia

� New ischaemic ECG changes (new ST-segment or T-wave changes or new LBBB)

� New pathologic Q-waves in >_2 contiguous leads

� Imaging evidence of a new loss of viable myocardium or new wall motion abnormality in a pattern consistent with an ischaemic aetiology

� Identification of a coronary thrombus by angiography or autopsy
• Post-mortem demonstration of an atherothrombus in the artery supplying the infarcted myocardium, or a macroscopically large circumscribed

area of necrosis with or without intramyocardial haemorrhage, meets the type 1 MI criteria regardless of cTn values

Type 2 (Imbalance between myocardial oxygen supply and demand)a

• Detection of a rise and/or fall of cTn values with at least one value above the 99th percentile URL, and evidence of an imbalance between myocar-

dial oxygen supply and demand unrelated to coronary thrombosis, requiring at least one of the following:

� Symptoms of ischaemia

� ECG changes indicative of new ischaemia (new ST-segment or T-wave changes or new LBBB)

� New pathologic Q-waves in >_2 contiguous leads

� Imaging evidence of a new loss of viable myocardium or new wall motion abnormality

Type 3 (MI associated with sudden cardiac death)a

• Patients who suffer cardiac death, with symptoms suggestive of myocardial ischaemia accompanied by presumed new ischaemic ECG changes or

ventricular fibrillation but die before blood samples for biomarkers can be obtained, or before increases in cardiac biomarkers can be identified,

or MI is detected by autopsy examination.

Type 4A (Criteria for PCI-related MI �48 h after the index procedure)b

• In patients with normal baseline CK-MB: The peak CK-MB measured within 48 h of the procedure >_10� the local laboratory ULN or CK-

MB >_5� ULN with one or more of the following:

� New pathologic Q-waves in >_2 contiguous leads

� New persistent LBBBc

� Flow-limiting angiographic complications in a major epicardial vessel or >1.5 mm diameter branch

� Substantial new loss of viable myocardium on imaging related to the procedure
• In the absence of CK-MB measurements and a normal baseline cTn, a cTn (I or T) level measured within 48 h of the procedure rises to >_70� the

local laboratory ULN or >_35� ULN with one or more of the following:

� New pathologic Q-waves in >_2 contiguous leads

� New persistent LBBBc

� Flow-limiting angiographic complications in a major epicardial vessel or >1.5 mm diameter branch

� Substantial new loss of viable myocardium on imaging related to the procedure
• In patients with elevated baseline CK-MB (or cTn): The CK-MB (or cTn) rises by an absolute increment equal to those levels recommended

above from the most recent pre-procedure level plus new ECG changes as described.

Type 4B (Stent thrombosis)a

• Stent thrombosis as documented by angiography or autopsy using the same criteria utilized for type 1 MI.
• Acute: 0 to 24 h

• Subacute: >24 h to 30 days
• Late: >30 days to 1 year
• Very late: >1 year after stent implantation

Continued
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haemodynamic parameter, and preferably should incorporate evi-
dence from at least two serial echocardiograms. This is in contrast
to prior definitions which considered only absolute threshold val-
ues of aortic valve area and gradient. A baseline post-procedural
echocardiogram is essential to ensure adequate comparison during
follow-up, especially if prosthesis-patient mismatch is present after
valve implantation. Although echocardiography is a cornerstone
for the evaluation of valve function and haemodynamics, cardiac
computed tomography (CT) is becoming increasingly used to bet-
ter understand the pathology and mechanisms underlying BVD. In
particular, CT has become central to the diagnosis of leaflet and
valve thrombosis, described in more detail below and summarized
in Tables 14 and 15. Bioprosthetic valve dysfunction may be related
to several aetiologies (Take home figure): (i) SVD, which implies ir-
reversible intrinsic changes to structural elements of the valve it-
self; (ii) non-structural valve dysfunction, which includes PVR and
prosthesis-patient mismatch; (iii) endocarditis; or (iv) thrombosis.
The stages of SVD are described in Table 13: Stage 1: morphologic-
al valve deterioration; Stage 2: moderate haemodynamic valve de-
terioration; and Stage 3: severe haemodynamic valve
deterioration. When assessing the presence and severity of
haemodynamic valve deterioration, it is important to differentiate
true-haemodynamic changes vs. inter-echo variability in the meas-
urement of gradient, effective orifice area, Doppler velocity index,
or AR. Each case with potential haemodynamic valve deterioration
should be individually adjudicated to confirm presence, stage, and
aetiology. Haemodynamic valve deterioration may be caused by
SVD but also by valve thrombosis or endocarditis. The assessment
of valve leaflet morphology and structure is key to make a differen-
tial diagnosis between the different aetiologies of haemodynamic

valve deterioration. The definitions of SVD presented in Table 13
allow one to differentiate haemodynamic deterioration that is
related to SVD vs., for example, from high residual transprosthetic
gradients related to prosthesis-patient mismatch.

An important addition to VARC-3 is the incorporation of the def-
inition for bioprosthetic valve failure (BVF). Bioprosthetic valve failure
is a patient-oriented clinical endpoint that takes into account relevant
and clinically meaningful consequences of BVD such as SVD-related
Stage 3 haemodynamic valve deterioration and irreversible changes
in haemodynamics, as well as clinical symptoms or sequelae, including
valve-related death and re-intervention (either surgical or transcath-
eter; Take home figure). Thrombosis or endocarditis may also lead to
irreversible Stage 3 haemodynamic valve deterioration and thus BVF.
Bioprosthetic valve failure should be reported separately from sub-
clinical BVD detected solely by haemodynamic findings. Given the
competing risks between BVF and death, conventional Kaplan–Meier
estimates (i.e. actuarial analysis) may overestimate the risk of BVF by
assuming that patients without BVF, whether currently alive or dead,
will have BVF in the future. This overestimation can have important
implications for clinical trials involving elderly patients who will likely
die before experiencing BVF. To correctly understand the probability
of BVF during the course of a patient’s lifetime, competing risks (cu-
mulative probability) methods should be used.186,187 For mortality
calculations alone, actuarial and competing risks methods would pro-
vide identical curves. However, in estimating durability of a biopros-
thesis (the device rather than the patient), death introduces
informative censoring that results in overestimating device durability;
the competing risk function known as conditional probability gives a
more accurate depiction of device durability than the Kaplan–Meier
method. The exposure adjusted incidence rates of BVD, SVD, and

Table 11 Continued

Type 5 Periprocedural (post-SAVR, TAVR or CABG) MI (�48 h after the index procedure)b

• In patients with normal baseline CK-MB: The peak CK-MB measured within 48 h of the procedure >_10� the local laboratory ULN or CK-

MB >_5� ULN with one or more of the following:
• New pathologic Q-waves in >_2 contiguous leads

• New persistent LBBBc

• Flow-limiting angiographic complications in a major epicardial vessel or >1.5 mm diameter branch
• Substantial new loss of viable myocardium on imaging related to the procedure

• In the absence of CK-MB measurements and a normal baseline cTn, a cTn (I or T) level measured within 48 h of the procedure rises to >_70� the

local laboratory ULN or >_35� ULN with one or more of the following:
• New pathologic Q-waves in >_2 contiguous leads

• New persistent LBBBc

• Flow-limiting angiographic complications in a major epicardial vessel or >1.5 mm diameter branch
• Substantial new loss of viable myocardium on imaging related to the procedure
• In patients with elevated baseline CK-MB (or cTn): The CK-MB (or cTn) rises by an absolute increment equal to those levels recommended

above from the most recent pre-procedure level plus new ECG changes as described.

The use of high-sensitivity (hs)-troponins is recommended for diagnosis of spontaneous MI, but has not been studied for assessment of periprocedural MI. Standard troponin
assays are therefore recommended for evaluation of periprocedural MI. Periprocedural biomarker elevation >ULN not meeting the criteria for MI should be categorized as
‘myocardial injury not meeting MI criteria’.
CK-MB, creatine kinase-MB; cTn, cardiac troponin; ECG, electrocardiogram; LBBB, left bundle branch block; MI, myocardial infarction; SAVR, surgical aortic valve replacement;
TAVR, transcatheter aortic valve replacement; ULN, upper limit of normal; URL, upper reference limit.
aAdapted from Thygesen et al.169

bAdapted from Moussa et al.167 and Garcia-Garcia et al.168

cLBBB criteria to be used with caution after TAVR or SAVR given the relatively high rate of new LBBB after these procedures.
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BVF can also be reported as exposure adjusted cumulative rate,
which is defined as the number of subjects exposed to the biopros-
thesis and experiencing an event (BVD, SVD, or BVF) divided by the
total exposure time of all patients who are at risk of event, and it is
expressed per 100 patient-years.188

Hypo-attenuated leaflet thickening and
reduced leaflet motion
Hypo-attenuated leaflet thickening (HALT) is visually identified
increased thickness of the bioprosthetic leaflet on contrast-enhanced
cardiac CT. Hypo-attenuated leaflet thickening typically exhibits a
meniscal-shaped configuration, starting and thickest at the insertion
of the bioprosthetic leaflet at the stent frame or valve scaffold, and

gradually tapering towards the free edge of the leaflets. While the oc-
currence of HALT has been described across all transcatheter aortic
valve platforms and surgical bioprostheses,189,190 its effect on patient
outcome and long-term valve function remains unclear191,192 When
assessing the extent of HALT within a clinical study, a semi-
quantitative grading scale should be used per leaflet as presented in
Table 14 and Figure 1, describing the percentage leaflet involvement
starting at its basal insertion.193 The evaluation of HALT is performed
using multiplanar reformats with optional volume-rendered recon-
structions. The strength of cardiac CT is its high spatial resolution.
However, evaluation for the presence of HALT may be impaired by
streak artefacts caused by the stent frame, motion artefact or sub-
optimal contrast attenuation, rendering CT studies at times inconclu-
sive for HALT. Leaflet restriction caused by HALT can be described
as reduced leaflet motion (RLM). However, given the limited tem-
poral resolution of cardiac CT, the strength of cardiac CT is in the
diagnosis of HALT and findings of restricted leaflet motion should
only be pursued in the setting of HALT. Assessing leaflet motion in

Table 12 Aortic bioprosthetic valve dysfunction

Categories of BVD

Structural valve deterioration (SVD)

• Intrinsic permanent changes to the prosthetic valve, including

wear and tear, leaflet disruption, flail leaflet, leaflet fibrosis

and/or calcification, or strut fracture or deformation
• See Table 13 for grading severity

Non-structural valve dysfunction (NSVD)

• Any abnormality, not intrinsic to the prosthetic valve, resulting

in valve dysfunction. Examples include residual intra- or para-

prosthetic aortic regurgitation; leaflet entrapment by pannus,

tissue, or suture; inappropriate positioning or sizing; dilatation

of the aortic root after stentless prostheses or aortic valve

sparing operations; prosthesis-patient mismatch; and

embolization

Thrombosis

• See Tables 13–15

Endocarditis

• Meeting at least one of the following criteria: (i) Fulfilment of

the Duke endocarditis criteria (ii) Evidence of abscess, pus, or

vegetation confirmed as secondary to infection by histological

or microbiological studies during re-operation; and (iii)

Evidence of abscess, pus, or vegetation confirmed on autopsy.

Clinical presentation

• Subclinical: Any bioprosthetic valve dysfunction associated

with absent or mild haemodynamic changes, AND absent

symptoms or sequelae
• Bioprosthetic valve failure (BVF):

• Stage 1: Any bioprosthetic valve dysfunction associated

with clinically expressive criteria (new-onset or worsening

symptoms, LV dilation/hypertrophy/dysfunction, or pul-

monary hypertension) or irreversible Stage 3 haemo-

dynamic valve deterioration (HVD)

• Stage 2: Aortic valve reoperation or re-intervention
• Stage 3: Valve-related deatha

BVD,bioprosthetic valve dysfunction.
aValve-related death defined as in Table 2: cardiovascular mortality presumed to
be associated with bioprosthetic valve dysfunction.

Table 13 Stages of bioprosthetic valve
deteriorationa,b

Stage 1: Morphological valve deterioration

• Evidence of structural valve deterioration, non-structural valve

dysfunction (other than paravalvular regurgitation or pros-

thesis-patient mismatch), thrombosis, or endocarditis without

significant haemodynamic changes.

Stage 2: Moderate haemodynamic valve deterioration

• Increase in mean transvalvular gradient >_10 mmHg resulting in

mean gradient >_20 mmHgc with concomitant decrease in

EOA >_0.3 cm2 or >_25% and/or decrease in Doppler velocity

index >_0.1 or >_20% compared with echocardiographic assess-

ment performed 1–3 months post-procedure, OR new occur-

rence or increase of >_1 graded of intraprosthetic AR resulting

in >_ moderate AR.

Stage 3: Severe haemodynamic valve deterioration

• Increase in mean transvalvular gradient >_20 mmHg resulting in

mean gradient >_30 mmHgc with concomitant decrease in

EOA >_0.6 cm2 or >_50% and/or decrease in Doppler velocity

index >_0.2 or >_40% compared with echocardiographic assess-

ment performed 1–3 months post-procedure, OR new occur-

rence, or increase of >_2 grades,d of intraprosthetic AR

resulting in severe AR.

AR, aortic regurgitation; EOA, effective orifice area; DVI, Doppler velocity index.
aAdapted from Capodanno et al.,180 Lancellotti et al.,184 and Dvir et al.185

bWhen assessing the presence and severity of haemodynamic valve deterioration,
it is important to differentiate true-haemodynamic changes vs. inter-echo variabil-
ity in the measurement of gradient, EOA, DVI, or AR. In particular, one should
use the same window for continuous-wave Doppler interrogation when compar-
ing gradients in early (1–3 months) post-AVR echo vs. follow-up echo. Each case
with potential haemodynamic valve deterioration should be individually adjudi-
cated to confirm presence, stage, and aetiology. Haemodynamic valve deterior-
ation may be caused by structural valve deterioration but also by non-structural
dysfunction including valve thrombosis and endocarditis. The assessment of valve
leaflet morphology and structure is key to make differential diagnosis between
the different aetiologies of haemodynamic valve deterioration.
cThis criterion for haemodynamic dysfunction assumes normal flow.
dThis criteria is assessed with the 3-class grading scheme (See Table 16).
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the absence of HALT increases the likelihood of false-positive diagno-
sis of RLM, in particular in the presence of image arteact and limited
image frames. Causes of leaflet thickening and reduced leaflet motion
include phenomena such as leaflet thrombosis, endocarditis, leaflet
deterioration and valve frame expansion issues. However, the terms
HALT and RLM have been used mainly as a synonym of subclinical
leaflet thrombosis in most of the early literature.

Clinical data

The presence of HALT and RLM has been described in 5% to as
many as 40% of patients who undergo MDCT scan assessment post-
AVR.189,190,194–196 The RESOLVE and SAVORY registries initially
reported subclinical leaflet thrombosis in 12% of patients undergoing
systematic 4D MDCT scans (mean time �3 months) post-AVR,
with TAVR patients having approximately three-fold higher rates of
leaflet thrombosis than SAVR patients (13% vs. 4%, P = 0.001).189

Leaflet thrombosis was associated with higher rates of transient is-
chaemic attacks (TIA) (2.9 vs. 0.7%, P = 0.03) and the composites of
strokes or TIA (4.1 vs. 1.3%, P = 0.04). However, a temporal separ-
ation between the clinical event and the CT findings was observed,
and due to the natural history of subclinical leaflet thrombosis, which
may regress or progress spontaneously,197 no definitive conclusions
on clinical impact of the phenomenon could be drawn from this
study.

In an attempt to better understand the natural history and haemo-
dynamic impact of subclinical leaflet thrombosis, the FDA mandated
CT sub-studies from two large randomized trials, with analyses per-
formed by the same blinded and independent CT core labora-
tory.191,198 In the PARTNER 3 and Evolut Low Risk randomized
trials, CT sub-studies were performed with serial imaging in patients
treated with TAVR or surgery at 30 days and 1 year. In the two stud-
ies, the frequency of HALT and RLM varied from 10% to 16% at
30 days and increased to 24–30% at 1 year. The natural history of
subclinical leaflet thrombosis derived from serial CTs in the absence
of anticoagulation was characterized by spontaneous resolution in
approximately half the patients and a significant number of new cases
occurring between 30 days and 1 year. The association of HALT and
RLM and increasing aortic valve gradients was small and varied among
the studies. These trials were not powered to determine the impact
of CT findings on subsequent clinical events.

Whether more aggressive antithrombotic strategies could poten-
tially mitigate the occurrence of subclinical leaflet thrombosis is a
matter of active investigation. In the CT sub-study of the GALILEO
trial, patients who had undergone successful TAVR and who did not
have an indication for long-term anticoagulation were randomized to
a rivaroxaban-based antithrombotic strategy or an antiplatelet-based
strategy. Patients underwent evaluation by 4D MDCT at 90 days after
randomization. While both HALT (12.4% vs. 32.4%) and high grade
RLM (2.1% vs. 10.9%; P = 0.01) were reduced in the rivaroxaban
group, the risk of death or thromboembolic events and the risk
of life-threatening, disabling, or major bleeding were higher with
rivaroxaban (hazard ratios of 1.35 and 1.50, respectively).192,199 In
light of these findings, further studies are needed to better under-
stand the clinical and valve-related consequences of subclinical
leaflet thrombosis and the consequences of systematic anticoagula-
tion regimens.

Table 14 Diagnosis and criteria for leaflet thickening
and reduced leaflet motiona–c

Hypo-attenuated leaflet thickening (HALT)

• Hypo-attenuating thickening in typically meniscal configuration

on one or more leaflets visually identified on computed tom-

ography (2D multiplanar reconstructions or 3D volume-ren-

dering), with or without reduced leaflet motion (RLM)d

• The extent of HALT should be described per leaflet, using a 4-

tier grading scale in regard to leaflet involvement along the

curvilinear contour, assuming maximum involvement at the

base of the leaflet:
• �25% (limited to the base)

• >25% and �50%
• >50% and �75%
• >75%
• Inconclusive for HALT: imaging with insufficient image quality

or presence of artifact

Reduced leaflet motion (RLM)

• Reduced leaflet excursion in the presence of HALT identified

on computed tomography (2D multiplanar reconstructions or

3D volume rendering) and/or trans-oesophageal

echocardiography
• The extent of RLM should be described per leaflet, using a 4-

tier grading scale
• None: no reduction in leaflet excursion

• <50% reduction in leaflet excursion
• >_50% reduction in leaflet excursion
• Immobile: immobile leaflet
• Inconclusive for RLM: imaging with insufficient image quality

or presence of artefact

Presentation

• Subclinical: Absent or mild haemodynamic changes and absent

symptoms or sequela compatible with valve thrombosis or

thromboembolism.
• Clinically significant: See Table 15

Timing

• Acute: Within 0–24 h of the index procedure
• Subacute: >24 h and <_30 days after the index procedure
• Late: >30 days and <_1 year after the index procedure
• Very late: >1 year after the index procedure

aAdapted from Blanke et al.193

bCT with high spatial and temporal resolution is required to accurately assess
leaflet thickness and motion. Typical CT acquisition parameters include:
Intravenous contrast-enhancement, sub-millimetre slice thickness, ECG-gating
with full cardiac cycle coverage and without dose modulation, target heart rate
<_70 b.p.m. If computed tomography is of either low quality, contra-indicated or
inconclusive, trans-oesophageal echocardiography (TEE) may be used for the
evaluation of leaflet thickness and motion.
cCauses of leaflet thickening and reduced leaflet motion included phenomenon
such as leaflet thrombosis, endocarditis, leaflet deterioration, and valve frame ex-
pansion issues.
dAdditional leaflet assessments may include: (i) diastolic measurements of max-
imal affected leaflet thickness and area on longitudinal and axial projections of the
aortic valve, respectively; (ii) affected prosthetic leaflet(s) should be identified
relative to the positions of the native commissures; Additional stent/frame assess-
ments includes: (i) implant depth, (ii) stent expansion and eccentricity at multiple
levels, and (iii) stent strut-separation at the inflow level.
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Clinically significant valve thrombosis
The frequent, but commonly subclinical, occurrence of HALT, at
times described as subclinical leaflet thrombosis should be distin-
guished from valve thrombosis with clinical manifestations. In trans-
catheter heart valves in the aortic position, clinically significant valve
thrombosis occurs in <1% of implants within 2 years of the index
procedure, and is typically associated with rapid increases in trans-
valvular gradients (mean AV gradient >40 mmHg).181,200–203 Patients
with valve thrombosis often present with worsening dyspnoea and
heart failure symptoms, occasionally associated with thromboembol-
ic complications. Valve thrombosis must be distinguished from rapidly
progressive SVD and endocarditis, and typically responds to treat-
ment with oral anticoagulation (vitamin K antagonists) for 2–
4 months, with reduced gradients and improved symptoms.

Valve Academic Research Consortium 3 is updating the previously
vague definition of valve thrombosis proposed in 2011 (Table 15).
Clinically significant prosthetic valve thrombosis requires (i) clinical
sequelae of (a) a thromboembolic event (stroke, TIA, retinal occlu-
sion, or other evidence of systemic thromboembolism) or (b) wor-
sening valve stenosis/regurgitation (increasing dyspnoea or signs of

heart failure) AND either imaging evidence of valve-related throm-
bus (CT or trans-oesophageal echocardiogram) or haemodynamic
valve deterioration stage 2 or 3, OR (ii) no clinical sequelae but imag-
ing evidence of both valve-related thrombus (CT or trans-
oesophageal echocardiogram) and haemodynamic valve deterior-
ation stage 3, observed during routine interval imaging assessments.
Importantly, the use and response to oral anticoagulant therapy must
be carefully documented and provides corroboration of the valve
thrombosis diagnosis.

If valve thrombosis is suspected, either by transthoracic echocar-
diogram (increase in gradient or reduced leaflet motion) or because
of a clinical event (e.g. thromboembolic event, heart failure), further
investigation by CT or trans-oesophageal echocardiogram should be
performed to confirm the diagnosis, and alternative diagnoses such as
endocarditis ruled out. Analogous to the ARC definition of stent
thrombosis,1 valve thrombosis can be characterized according to the
timing of the event (acute, subacute, late, or very late), presentation
(clinical, subclinical), and certainty (definite, probable, or possible).
The method of acute and chronic antithrombotic treatment should
be specified (e.g. thrombolysis, intravenous unfractionated heparin,
subcutaneous low-molecular-weight heparin, antiplatelet agent, or
oral anticoagulant). If oral anticoagulant therapy is instituted, the fol-
lowing information should be specified: (i) specific drug used; (ii) tar-
get international normalized ratio (INR); (iii) average achieved INR;
(iv) method of anticoagulation control (e.g. physician or nurse
directed, patient home self-management); (v) duration of treatment;
and (vi) adherence to medication. If the patient has a clinical event
related to valve thrombosis, the INR temporally associated with the
event should be reported together with any anticoagulant or antipla-
telet therapy. The response to antithrombotic therapy should be
assessed at 3 months and classified as resolved, persistent or
recurrent.

Assessment of aortic valve function and
haemodynamics
Echocardiography is the recommended imaging modality for the as-
sessment of native AS as well as prosthetic valve function.204–207 The
suggested time points for routine follow-up TTE following AVR with-
in a large comparative randomized trial or new device approval study
are: baseline, within 30 days, 1 year, and yearly thereafter. A 6-month
echocardiogram is recommended for research and mechanistic stud-
ies, but will be difficult to obtain routinely and can be omitted for
practical reasons.

Post-procedural valve assessment should include an evaluation of
structure, function, and haemodynamics of both the prosthetic valve
and ventricles. General recommendations for follow-up, outlined in
prior prosthetic valve guidelines,204,207–210 imaging assessment rec-
ommendations184,210,211 and reviews,212 include the acquisition of
pertinent patient information such as valve type, valve size, and im-
plantation date, and the importance of blood pressure recording,
given its potential impact on multiple parameters. Comparison with
baseline or follow-up studies is particularly useful in determining
valvular dysfunction. Despite the recent developments in subclinical
leaflet thrombosis, VARC-3 does not recommend routine follow-up
with MDCT unless clinically indicated or required in the context of a
clinical study.

Table 15 Clinically significant valve thrombosis

Clinical sequelae of a thromboembolic event (e.g. stroke, TIA, retinal

occlusion, other evidence of systemic thromboembolism) or worsening

valve stenosis/regurgitation (e.g. signs of heart failure, syncope) and

� Haemodynamic valve deterioration Stage 2 or 3a or

� Confirmatory imaging (CT evidence of HALTb or TEE findings)

In the absence of clinical sequelae, both

� Haemodynamic valve deterioration Stage 3a and

� Confirmatory imaging (CT evidence of HALTb or TEE findings)

Timing

� Acute: Within 0–24 h of the index procedure

� Subacute: >24 h and <_30 days after the index procedure

� Late: >30 days and <_1 year after the index procedure

� Very late: >1 year after the index procedure

Response to anticoagulant therapy (�3 months)

� Resolved: Partial or complete resolution of symptoms, imaging

findings, and HVD

� Persistent: No improvement in symptoms, imaging findings, or

HVD

� Recurrent: Recurrence of symptoms, imaging findings, or HVD

Certainty of diagnosis

� Definite: Histopathological confirmation

� Probable: Haemodynamic changes and imaging findings com-

patible with valve thrombosis, with resolution of haemodynamic

changes and imaging findings following anticoagulation therapy

� Possible: Imaging demonstrated findings compatible with leaflet

thrombosis formation, but either haemodynamic changes or

imaging findings persist following anticoagulation therapy or

anticoagulation therapy is not (yet) administered

CT, computed tomography; TEE, trans-oesophageal echocardiogram; HALT,
hypo-attenuated leaflet thickening; HVD, haemodynamic valve deterioration.
aAs defined in Table 13.
bAs defined in Table 14.
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..Paravalvular regurgitation

Despite the recent description of several angiographic, haemo-
dynamic catheter-based, CT-based, and MRI techniques to evaluate
the severity and/or the repercussions of post-TAVR AR,213–220

Doppler echocardiography remains the primary modality for assess-
ing and comparing regurgitation after AVR. The technical difficulties
in evaluating prosthetic valve regurgitation by echocardiography are
fully discussed in the American Society of Echocardiography (ASE)
and European Association of Cardiovascular Imaging (EACVI) guide-
lines and other recent studies or reviews advocating for the use of
specific parameters for assessment of post-TAVR and post-SAVR
patients.184,204,210,211,221,222

Grading scheme for paravalvular regurgitation

post-AVR

Most recent guidelines have used a 3-class grading scheme (mild,
moderate, severe) to report the severity of PVR,5,184,204,210 whereas
angiographic grading and some echocardiographic grading schemes
reported in the literature employ a 4-class grading scheme (Grade 1–
4).217 In the 4-class scheme, there is often ambiguity or even frank dif-
ferences in Grades 2 and 3; the Grade 2 class may be considered mild
or moderate and Grade 3 may be considered moderate or
moderate-severe. In fact, a 5-class scheme is frequently used clinically.
This divides mild PVR into two separate grades of mild and mild-to-
moderate, and divides moderate PVR into two separate grades of

Take home figure Bioprosthetic valve dysfunction and Bioprosthetic valve failure. BMI, body mass index; BVD, bioprosthetic valve dysfunction;
BVF, bioprosthetic valve failure; HALT, hypo-attenuated leaflet thickening; RLM, reduced leaflet motion.
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moderate and moderate-to-severe.211 In this scheme, no PVR and
trace PVR could be combined into grade 0. Indeed, no studies have
shown that no or trace PVR has any impact on mortality.211,223,224

For research purposes, it is reasonable in some situations to capture
trace PVR separately from no PVR; however, trace PVR should never
be combined with mild PVR, as this may dilute the impact of mild
PVR on mortality. The 5-class grading scheme (mild, mild-moderate,
moderate, moderate-severe, severe) can be easily collapsed and
reported as the 3-class scheme (mild, moderate, severe) recom-
mended by the ASE and European Association of Cardiovascular
Imaging (EACVI) guidelines.184,204,210,225 Although more grades
would initially produce greater variability, using the 5-class scheme,
which assigns ‘in-between’ grades into a predetermined category, has
already been shown to reduce variability between echocardiography
core laboratories.226 An analysis of inter-core laboratory variability
within the Placement of Aortic Transcatheter Valve (PARTNER) II
SAPIEN 3 registry, in which 3 core laboratories were used to assess
PVR, has further supported this finding with an intra-class correlation
coefficient of 0.8 using the 5-grade scheme and 1.0 once collapsed
into the 3-grade scheme.211

Table 16 summarizes the unifying grading scheme with a suggested
categorization of each qualitative, semi-quantitative, and quantitative
parameter.211,222,224 The proposed research-grading scheme
attempts to synchronize multiple grading schemes with common

clinical practice. Valve Academic Research Consortium 3 believes
that the granular scheme provides a mechanism for systematic study
of outcomes and a means for correlating outcomes with prior grading
schemes.

Patient-reported outcomes
Quality-of-life evaluation in aortic stenosis

Ideally, patient-reported health status measures such as the
Minnesota Living with Heart Failure Questionnaire (MLHFQ) and the
Kansas City Cardiomyopathy Questionnaire (KCCQ) should be used
to assess disease-specific health status and QOL in patients with
AS.227–230 The KCCQ has been used in several clinical trials of
patients undergoing TAVR and SAVR231–235 and is collected as part
of the Society of Thoracic Surgeons and American College of
Cardiology Transcatheter Valve Therapy (STS/ACC TVT)
registry.236

Recommended endpoints and timing of assessments

As previously described,5 a comprehensive QOL assessment that
includes both disease-specific health status measures (such as the
KCCQ or MLHFQ) and generic health status measures [such as the
Medical Outcomes Study 36-item Short-Form Health Survey (SF-
36),237 the 12-Item Short-Form Health Survey (SF-12),238 or the
EuroQoL (EQ-5D)239] is recommended. However, for studies with
limited resources or for clinical practice, where brevity of survey
tools is paramount, the KCCQ-12 may be useful. It is essential to en-
sure complete ascertainment of health status measures at each time
point, as missing data cannot be retrieved retrospectively, and statis-
tical adjustment techniques may not be adequate. Acknowledging the
maturation of TAVR and considering the many different trial designs
that are being considered depending on specific treatment goals,
VARC-3 recommends that the selection of QOL measures and the
timing of assessments should be customized to the particular trial de-
sign. For example, in a study involving the use of cerebral protection
devices during TAVR, in addition to early and late assessments of
disease-specific heath status measures (e.g. KCCQ), it may be appro-
priate to also collect early (<30 days) and late (through 5 years) neu-
rocognitive testing assessments.

Interpretation and reporting of quality-of-life results

For the KCCQ Overall Summary (OS) Score, previous studies have
demonstrated that a difference of 5 points corresponds with a small
but clinically relevant difference, a 10-point difference represents a
moderate difference, and a 20-point difference represents a large dif-
ference.240 For the SF-12 physical and mental summary scales, a dif-
ference of 2.5 points may be considered clinically relevant.241,242

However, no such reference standard is available for the EQ-5D,
since its main role is to provide population-derived utility weights for
the purposes of cost-effectiveness analysis. Of note, these differences
apply to an individual patient; there are no similar standards for inter-
pretation of mean differences between groups. To address this issue,
investigators are encouraged to report the number (and percentage)
of patients that reach the magnitude of these improvements either as
categories or in the form of a cumulative response distribution curve.

An example of this distinction may be seen in the results of the
QOL sub-study of the PARTNER 3 trial.243 In that study, TAVR dem-
onstrated a small but statistically significant health status benefit over

Figure 1 Multiplanar reconstruction alignment and semi-quanti-
tative grading of hypo-attenuated leaflet thickening by computed
tomography imaging. The dashed yellow line indicates the orienta-
tion of the long-axis views in the lower row, aligned with the centre
of the cusps. The extent of leaflet thickening can be graded on a sub-
jective 4-tier grading scale along the curvilinear orientation of the
leaflet. Typically, hypo-attenuated leaflet thickening appears menis-
cal-shaped on long-axis reformats, with greater thickness at the
base than towards the centre of the leaflet. Reprinted with permis-
sion from Blanke et al.193 Note—percentage ranges modified from
source to eliminate ambiguity.
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SAVR at 1-year follow-up with a mean between-group difference of
1.8 points on the KCCQ-OS score (95% CI 0.1–3.5). However,
when the cumulative response to therapy was examined, there was a
5% greater likelihood of achieving a large (i.e. >20 point) improve-
ment in the KCCQ-OS score in TAVR patients, demonstrating that
this small between-group difference was clinically relevant at the indi-
vidual patient level (Figure 2).

Differential mortality between two treatments may complicate the
interpretation of QOL results, since QOL may appear to improve
over time with less effective therapy owing to attrition of the sickest
patients. As such, use of endpoints that integrate survival and QOL
may provide more interpretable results. Definitions have been pro-
posed to integrate these important outcomes—at least for patients
at extreme, high, or intermediate risk of complications with
SAVR26,244,245 and have been adopted by VARC-3 (Table 17). Even
more granular categorical analyses provide further perspectives on
the effect of these interventions over time and are also recom-
mended by VARC-3.236 Ordinal categories based on previously
established thresholds for clinically relevant changes in the KCCQ-
OS scores have been defined as death, worsened (decrease from
baseline >5 points), no change (change between -5 and <5 points),
mildly improved (increase between 5 and <10 points), moderately
improved (increase between 10 and <20 points), and substantially
improved (increase >_20 points). We believe that these integrated
definitions better reflect the goals of treatment of patients since
patients who have a reasonable QOL prior to treatment are most
likely undergoing aortic valve replacement for its survival benefits;
for such patients, a good outcome would be survival without wor-
sening QOL. On the other hand, for patients who have a poor
QOL, the main goal of aortic valve replacement is to improve
QOL, and a good outcome would be survival with at least a rea-
sonable QOL. These types of outcomes are particularly important
to elderly patients who are considering TAVR, as survival alone is
unlikely to fully encompass their goals of treatment. In cases
where there is a survival difference between treatments, we rec-
ommend reporting both the composite categorical outcomes as

well as QOL among survivors in order to provide the most com-
plete description of the results.

Composite endpoints
Proposed VARC composite endpoints were originally organized as
(i) device success, (ii) early patient safety, and (iii) clinical efficacy. As
TAVR experience increased, time-related valve safety was added as a
fourth endpoint in VARC-2. In the modern era, with considerably
more TAVR experience, wherein younger and lower-risk patients
will also be treated selectively with TAVR, VARC-3 recognizes the
need to make adjustments in the required composite endpoints.

Similar to MVARC, an additional composite endpoint, technical
success, has been introduced that captures the immediate success of
a procedure, which is measured at the time of leaving the procedure
room and encompasses the true technical safety of the device and its
delivery (Table 18). Subsequently, the endpoint of device success
addresses short-term procedure- or valve-related issues that occur
after achieving technical success, and additionally includes the early
performance of the valve. Of note, coronary obstruction requiring
unplanned intervention should be captured in both these composite
endpoints, while permanent pacemaker implantation or other con-
duction disturbances should not be considered in this endpoint.

The composite of early safety measured at 30 days (see VARC-2),
as traditionally used in the surgical literature, relates to the invasive-
ness of the procedure and captures adverse events that significantly
impact long-term prognosis. The need for a new permanent pace-
maker has been added to the composite of early safety, acknowledg-
ing the growing evidence of its negative impact after aortic valve
replacement.246–248 Recently, a negative long-term prognosis with a
new LBBB after TAVR has been observed.118,132,133,249 At the pre-
sent time, new LBBB was not included in the safety composite, but
VARC-3 recognizes that this may become an important endpoint to
consider in the future. As a result of the frequency and relative benign
nature of VARC-3 type 2 bleeding in the setting of surgery and its sig-
nificant impact on prognosis after TAVR, early safety should include
VARC-3 type 3–4 bleeding in the setting of surgery but VARC-3 type
2–4 bleeding in the setting of TAVR.

The composite endpoint of clinical efficacy in VARC-2 included
aggregated endpoints of disparate importance, variable reliability, and
endpoint type (time-to-event or longitudinal status data). Moreover,
health-related QOL and hospitalization have emerged as important
metrics to assess the value of an intervention. The VARC-3 updated
composite endpoint of clinical efficacy therefore has a clearer focus
on clinical endpoints, excluding echocardiographic results and sub-
jective measures of functional status (NYHA classification).

Valve Academic Research Consortium 3 has also replaced the
composite time-related valve safety endpoint with valve-related
long-term clinical efficacy which more appropriately directs atten-
tion to the potential long-term clinical consequences and modes
of failure of bioprosthetic heart valves. The new composite end-
point (Table 18) includes: (i) BVF, defined as valve-related mortality
or aortic valve re-operation/re-intervention, or stage 3 haemo-
dynamic valve deterioration (Take home figure), (ii) stroke or per-
ipheral embolism (presumably valve-related, after ruling out other
non-valve aetiologies), and (iii) VARC-3 Type 2–4 bleeding second-
ary to or exacerbated by antiplatelet or anticoagulant agents used
specifically for valve-related concerns (e.g. clinically apparent leaflet

Figure 2 Ordinal analysis of Kansas City Cardiomyopathy
Questionnaire Overall Summary Score (KCCQ-OS). Reprinted
with permission from Baron et al.244
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thrombosis). Importantly, this endpoint is recorded at 5 years and
thereafter (annually through 10 years or longer) and is intended to
compare treatment strategies with long-term surveillance of out-
comes. This endpoint will help to differentiate iterative existing
TAVR devices from new devices and will be particularly relevant
as TAVR is expanded to younger patients who may over their life-
time require multiple valve interventions.

Valve Academic Research Consortium 3
criteria and aortic regurgitation-related
research
Valve Academic Research Consortium originally was triggered by the
emergence of a novel therapy and subsequent research related to the
treatment of severe AS. Recently, early experiences for treatment of
pure aortic regurgitation (AR) with dedicated transcatheter devices
have been described,250–253 and larger feasibility and comparative stud-
ies are to be expected (e.g. NCT02732704). Valve Academic Research
Consortium 3 criteria and definitions can appropriately be used during
the conduct of research related to AR, whether surgical, transcatheter,
or medical treatments are being studied.

Valve Academic Research Consortium 3
and the Covid-19 pandemic
Valve Academic Research Consortium 3 recommends rigorous end-
point definitions with precise timing and frequency of follow-up,

Table 17 General outcome from a patient-reported
perspective

Favourable outcome

At 1 year, a patient:
• Is alive; and

� Has a KCCQ Overall Summary score >_60 (roughly

equivalent to NYHA Class II or better)

� Has not had a decline of >10 points in the KCCQ

Overall Summary score from baseline

Acceptable outcome

At 1 year, a patient:
• Is alive; and

� Has a KCCQ Overall Summary score >_45 (roughly

equivalent to NYHA Class III or better)

� Has not had a decline of >10 points in the KCCQ

Overall Summary score from baseline

Unfavourable outcome
At 1 year, a patient:

• Is not alive; or
• Is alive; and

� Has a KCCQ Overall Summary score <45 (roughly

equivalent to NYHA Class IV)

� Has had a decline of >10 points in the KCCQ Overall

Summary score from baseline

KCCQ, Kansas City Cardiomyopathy Questionnaire; NYHA, New York Heart
Association.

Table 18 Composite endpoints

Technical success (at exit from procedure room)

• Freedom from mortality
• Successful access, delivery of the device, and retrieval of the

delivery system
• Correct positioning of a single prosthetic heart valve into the

proper anatomical location
• Freedom from surgery or intervention related to the devicea

or to a major vascular or access-related, or cardiac structural

complication

Device success (at 30 daysb)

• Technical success
• Freedom from mortality
• Freedom from surgery or intervention related to the devicea

or to a major vascular or access-related or cardiac structural

complication
• Intended performance of the valvec (mean gradient <20

mmHg, peak velocity <3 m/s, Doppler velocity index >_0.25,

and less than moderate aortic regurgitation)

Early safety (at 30 days)

• Freedom from all-cause mortality
• Freedom from all stroke
• Freedom from VARC type 2–4 bleeding (in trials where control

group is surgery, it is appropriate to include only Type 3 and 4

bleeding)
• Freedom from major vascular, access-related, or cardiac struc-

tural complication
• Freedom from acute kidney injury stage 3 or 4
• Freedom from moderate or severe aortic regurgitation
• Freedom from new permanent pacemaker due to procedure-

related conduction abnormalities
• Freedom from surgery or intervention related to the device

Clinical efficacy (at 1 year and thereafter)

• Freedom from all-cause mortality
• Freedom from all stroke
• Freedom from hospitalization for procedure- or valve-related

causes
• Freedom from KCCQ Overall Summary Score <45 or decline

from baseline of >10 point (i.e. Unfavourable Outcome)

Valve-related long-term clinical efficacy (at 5 years and

thereafter)
• Freedom from bioprosthetic Valve Failure (defined as: Valve-

related mortality OR Aortic valve re-operation/re-intervention

OR Stage 3 haemodynamic valve deterioration—See Take

home figure)
• Freedom from stroke or peripheral embolism (presumably

valve-related, after ruling out other non-valve aetiologies)
• Freedom from VARC Type 2–4 bleeding secondary to or exa-

cerbated by antiplatelet or anticoagulant agents, used specific-

ally for valve-related concerns (e.g. clinically apparent leaflet

thrombosis)

aExcluding permanent pacemaker.
bIn-hospital may be used if 30-day data are not available.
cHaemodynamic valve performance standards may differ depending on the specif-
ic valve sizes implanted.
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.
attempting to achieve optimal capture, reporting, and dissemination
of clinical research. Most of these endpoints imply either physical as-
sessment of patients or the performance of testing involving patient
contact. Recently, the Covid-19 pandemic resulted in major chal-
lenges to the conduct of clinical research, and has caused a re-
evaluation of methods for data acquisition and greater flexibility in
time windows for outcome assessments. Valve Academic Research
Consortium 3 acknowledges these challenges and supports alterna-
tive and innovative ways to ensure appropriate follow-up and meas-
urement of patient outcomes (e.g. telemedicine), without
compromising the safety of patients and healthcare workers.
Similarly, stringent follow-up schedules should be adapted to avoid
unreasonable burdens to the clinical sites. Finally, since Covid-19
infections can have serious cardiovascular and other medical conse-
quences, the competing risks of Covid-19-related clinical events must
be recognized and considered as the causation of some clinical out-
comes are adjudicated.

Conclusion

The striking evolution of TAVR over the past decade mandates an
equally nimble and meticulous refinement in clinical research tools
and reference materials. The VARC-3 update is concordant with the
initial ARC initiative and the VARC mission to provide clinically
meaningful and standardized definitions which would be useful across
the spectrum of clinical research related to aortic valve disease ther-
apy. Acknowledging the dynamic and evolving nature of these defini-
tions, the adoption of these VARC updated endpoints and criteria
will ensure homogenous reporting, adjudication, and comparison be-
tween devices and therapeutic strategies.

Supplementary material

Supplementary material is available at European Heart Journal online.
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JG, Al-Qoofi F, Généreux P, Maluenda G, Thoenes M, Paradis J-M, Chamandi C,
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