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Mitral regurgitation (MR) is one of the most prevalent valve disorders and has numerous etiologies, including primary

(organic) MR, due to underlying degenerative/structural mitral valve (MV) pathology, and secondary (functional) MR,

which is principally caused by global or regional left ventricular remodeling and/or severe left atrial dilation. Diagnosis

and optimal management of MR requires integration of valve disease and heart failure specialists, MV cardiac surgeons,

interventional cardiologists with expertise in structural heart disease, and imaging experts. The introduction of trans-

catheter MV therapies has highlighted the need for a consensus approach to pragmatic clinical trial design and uniform

endpoint definitions to evaluate outcomes in patients with MR. The Mitral Valve Academic Research Consortium is a

collaboration between leading academic research organizations and physician-scientists specializing in MV disease from

the United States and Europe. Three in-person meetings were held in Virginia and New York during which 44 heart

failure, valve, and imaging experts, MV surgeons and interventional cardiologists, clinical trial specialists and statis-

ticians, and representatives from the U.S. Food and Drug Administration considered all aspects of MV pathophysiology,

prognosis, and therapies, culminating in a 2-part document describing consensus recommendations for clinical trial

design (Part 1) and endpoint definitions (Part 2) to guide evaluation of transcatheter and surgical therapies for MR. The

adoption of these recommendations will afford robustness and consistency in the comparative effectiveness evaluation

of new devices and approaches to treat MR. These principles may be useful for regulatory assessment of new

transcatheter MV devices, as well as for monitoring local and regional outcomes to guide quality improvement

initiatives. (J Am Coll Cardiol 2015;66:308–21) © 2015 by the American College of Cardiology Foundation.
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AB BR E V I A T I O N S

AND ACRONYM S

LV = left ventricular

MI = myocardial infarction

MR = mitral regurgitation

MV = mitral valve

MVARC = Mitral Valve

Academic Research Consortium
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evaluation and to guide clinical care decision-making
(1). Equally important is the assessment of clinically
relevant endpoints reflecting the safety and efficacy
of MR therapies and the use of consensus definitions
to ensure that such endpoints are meaningful and
consistent across studies (2). In addition to random-
ized trials, the use of consistent definitions is impor-
tant for observational and administrative databases
that lack a concurrent control. Academic Research
Consortium (ARC) consensus endpoints have been
introduced for drug-eluting stents (3), for transcath-
eter aortic valve replacement (TAVR) (4,5), and for
bleeding complications (6), and have been adopted
to improve the cross-evaluation of studies (7).
SEE PAGE 322
As discussed in part 1 of this document, MVARC
recommends that all primary and major secondary
endpoint events within the clinical trial framework are
adjudicated utilizing pre-specified definitions by an
independent committee using original source docu-
ments (1). Given the varied nature of these events,
depending on the specific study, the adjudication
committee should ideally include a heart failure
specialist, a cardiologist specializing in MV disease, an
interventional cardiologist skilled in structural heart
disease interventions (ideally MV procedures), an
experienced MV cardiac surgeon, an imaging
specialist, and a stroke neurologist. For tracking out-
comes of MV interventions in nonrandomized clinical
studies or in administrative databases, for cost or
logistical reasons it may not be possible to employ an
independent central adjudication committee. In such
cases, the use of uniform definitions will at least
ensure consistency over time and across studies.

Table 1 contains the list of endpoints relevant to
mitral interventions that should be collected in all
patients and adjudicated, if possible. The MVARC-
recommended definitions for these events are
reviewed in this document. Other important
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secondary endpoints, including quality-of-
life measures, functional performance, and
echocardiographic assessments, are dis-
cussed in part 1 of this document (1). Where
possible, MVARC has endeavored to align
these consensus definitions with other pro-
fessional society and organization efforts
(with greater granularity, when necessary,
specific to MR therapies), while incorporating

the latest knowledge from clinical studies.

DEATH

All-cause mortality is an objective endpoint without
bias. The occurrence of death should be assessed
through standard study processes and through sup-
plemental interrogation of administrative registry
databases to minimize the number of patients lost to
follow-up and the need for imputation or sensitivity
analyses. Factors contributing to the cause of death
may be difficult to establish, and the relationship of
death to the underlying MV disease or to the inter-
vention may be uncertain. For these reasons, all-
cause mortality is preferable compared with cardiac
mortality as a primary endpoint measure. Nonethe-
less, adjudication of the cause of death should be
performed using pre-defined criteria (Table 2). The
cause of death is subdivided into cardiovascular and
noncardiovascular causes. Although categorizing the
initiating or proximate cause of cardiovascular death
may be difficult, major complications contributing to
death should be identified to facilitate future efforts
to reduce mortality. A diagnosis of noncardiovascular
death requires the primary cause to be clearly related
to another condition (e.g., trauma, cancer, or suicide).
All deaths that are not unequivocally related to a
noncardiovascular condition are considered cardio-
vascular death for regulatory purposes.

Death is further classified as periprocedural if it
occurs within 30 days of the intervention or beyond
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TABLE 2 Classification of All-Cause Mortality

I. Cardiovascular vs. noncardiovascular mortality

A. Cardiovascular mortality
Any of the following contributing conditions:
Heart failure (subclassified into left ventricular vs. right

ventricular dysfunction)
Myocardial infarction
Major bleeding
Thromboembolism
Stroke
Arrhythmia and conduction system disturbance
Cardiovascular infection and sepsis (e.g., mediastinitis

and endocarditis)
Tamponade
Sudden, unexpected death
Other cardiovascular
Device failure
Death of unknown cause (adjudicated as cardiovascular)

B. Noncardiovascular mortality
Any death in which the primary cause of death is clearly

related to another condition:
Noncardiovascular infection and sepsis (e.g., pneumonia)
Renal failure
Liver failure
Cancer
Trauma
Homicide
Suicide
Other noncardiovascular

II. Periprocedural vs. nonperiprocedural mortality

Death is considered periprocedural if occurring within 30 days of
the intervention or beyond 30 days in the patient not yet
discharged

TABLE 1 Clinical Endpoints to be Collected in All Trials of

Mitral Valve Therapies

1. Mortality*
All-cause
Cardiovascular vs. noncardiovascular
Periprocedural vs. nonperiprocedural
Device relatedness (definitely related, possibly related,

or unrelated)

2. Hospitalization*
For heart failure vs. other cardiovascular causes vs.

noncardiovascular causes

3. Neurological events*
Stroke vs. transient ischemic attack
Etiology: ischemic vs. hemorrhagic vs. undetermined
Severity: disabling vs. nondisabling
Timing: periprocedural vs. nonprocedure related

4. Myocardial infarction*
Timing: Periprocedural vs. nonprocedure related

5. Access and vascular complications
Arterial, venous, cardiac

6. Bleeding complications
Modified VARC scale
Modified BARC scale

7. Acute kidney injury
Modified AKIN definition (also used in VARC-2)

8. Arrhythmias and conduction system disturbances
Atrial fibrillation and other atrial arrhythmias
Ventricular tachycardia and other ventricular arrhythmias
Heart block

9. Device and procedural success*

10. Specific device-related technical failure issues and
complications*

*Events that should be adjudicated by an independent central adjudication com-
mittee. Other events may also be adjudicated if warranted by the specific study
device or trial design.

AKIN ¼ Acute Kidney Injury Network; BARC ¼ Bleeding Academic Research
Consortium; VARC ¼ Valve Academic Research Consortium.
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30 days in the patient not yet discharged. Death that
occurs in a patient transferred from the index proce-
dure hospital to an extended care facility is still
considered periprocedural death, unless the patient
originated in such a facility before the procedure.
“Immediate” procedural mortality may be defined as
death occurring within 72 h of the procedure, but this
timing is somewhat arbitrary and of less certain
clinical utility. Finally, the relationship between
death and device failure (including direct mechanical
failures and procedural complications) should be
assessed and adjudicated as definitely related,
possibly related, or unrelated.

HOSPITALIZATION (OR REHOSPITALIZATION)

Hospitalization is a clinically meaningful measure of
morbidity, with substantial clinical and economic im-
plications (8,9). The preferred definition of hospitali-
zation (or rehospitalization) after discharge from an
MV procedure appears in Table 3. The causes of hos-
pitalization can be further subclassified as in Table 3.
In particular, hospitalization due to new or worsening
heart failure is an important metric after MV
interventions that may serve as a primary endpoint in
MV device trials. It is acknowledged, however, that
hospitalization rates vary across different countries,
regions, and hospital systems, in part due to variations
in local practice patterns. The proposed definitions
attempt to account for some of these variances.
HEART FAILURE HOSPITALIZATION. The mortality
rate for patients hospitalized for worsening heart
failure is w4% to 7% during the in-hospital phase,
w11% to 15% at 1 month, and w33% at 1 year (10–13).
The 30-day and 1-year rates of repeat all-cause hos-
pitalization for patients discharged for heart failure
are approximately 25% and 70%, respectively (14,15).
One-half of these readmissions are due to recurrent
heart failure. As a clinical trial endpoint, heart failure
hospitalization must be carefully defined and adju-
dicated by a clinical events committee using specific,
objective criteria.

The definition for heart failure hospitalization re-
quires: 1) a hospital stay for worsening heart failure
for $24 h; and 2) administration of intravenous or
mechanical heart failure therapies (Table 3). An emer-
gency room stay for $24 h would qualify as a heart
failure hospitalization endpoint, even absent formal
hospital admission, as such a prolonged stay repre-
sents a severe episode of heart failure. The diagnosis of
worsening heart failure is on the basis of: 1) symptoms
of worsening heart failure such as increased dyspnea,



TABLE 3 Definition and Classification of Hospitalization (or Rehospitalization)

Definition

Hospitalization is defined as admission to an inpatient unit or ward in the hospital for $24 h,
including an emergency department stay. Hospitalizations planned for pre-existing
conditions are excluded unless there is worsening of the baseline condition.

Hospitalization Is Further Subclassified as:

I. Heart failure hospitalization: Both of the following additional criteria are present:
i. Symptoms, signs and/or laboratory evidence of worsening heart failure (see text,

section Heart Failure Hospitalization)
ii. Administration of intravenous or mechanical heart failure therapies (see text, section

Heart Failure Hospitalization)
Patients hospitalized with heart failure are further subclassified as:

IA. Primary (cardiac related) heart failure hospitalization
IB. Secondary (noncardiac related) heart failure hospitalization

II. Other cardiovascular hospitalization: such as for coronary artery disease, acute
myocardial infarction, hypertension, cardiac arrhythmias, cardiomegaly, pericardial
effusion, atherosclerosis, stroke, or peripheral vascular disease without qualifying
heart failure

III. Noncardiovascular hospitalization: not due to heart failure or other cardiovascular
causes, as defined above
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orthopnea, paroxysmal nocturnal dyspnea, fatigue,
decreased exercise tolerance, and/or history of weight
gain; 2) physical examination evidence of worsening
heart failure such as neck vein distention, the presence
of a third heart sound, pulmonary rales, ascites or
pedal edema, and/or hypotension or signs of wors-
ening end-organ perfusion; and/or 3) diagnostic evi-
dence of worsening heart failure such as radiographic
pulmonary congestion, natriuretic peptide levels
greater than the upper limit of normal in the absence of
conditions known to affect these values (e.g., renal
dysfunction, infection), arterial oxygen desaturation
or increasing oxygen requirements, and/or acidosis.
No single finding is necessarily diagnostic, and adju-
dication by the clinical events committee should be on
the basis of all available clinical evidence, guided by
the specifics of the protocol definition.

Examples of intravenous heart failure therapies
contributing to this definition would include bolus or
continuous infusion of loop diuretic agents; contin-
uous infusion of vasodilators such as nitroglycerin,
nitroprusside, or nesiritide; inotropic agents such as
dobutamine; inodilators such as milrinone; beta-
agonists; and vasopressors such as dopamine, epine-
phrine, and norepinephrine. Also included would be
other invasive or mechanical heart failure treatments
such as ultrafiltration, cardiac resynchronization
therapy, and hemodynamic assist devices including
intra-aortic balloon counterpulsation or left ven-
tricular (LV) or biventricular assist devices. Treatment
with intravenous antiarrhythmic medications or
electrical cardioversion and/or ablation in the absence
of other intravenous or invasive heart failure treat-
ments would not per se constitute criteria for heart
failure hospitalization (but would qualify as a cardio-
vascular hospitalization). Similarly, a heart failure
exacerbation that can be managed solely by augmen-
tation of oral heart failure therapies does not meet the
pre-defined criteria for heart failure hospitalization.

Patients hospitalized with heart failure meeting
these criteria should further be subclassified into pri-
mary (cardiac related) or secondary (noncardiac
related) heart failure. Primary heart failure may be
due to any cardiac cause, including primary LV
dysfunction with or without medication or dietary
noncompliance, acute myocardial infarction (MI),
arrhythmias, and worsening valve dysfunction. Sec-
ondary heart failure is present when a noncardiac
primary condition is present such as pneumonia, uri-
nary tract infection, or renal failure, which results in
fluid overload or myocardial failure. Adjudication may
be necessary to determine which diagnosis is of pre-
vailing importance (e.g., exacerbation of chronic
obstructive pulmonary disease with bronchospasm
and some element of heart failure, or major heart
failure exacerbation with secondary bronchospasm).
Only primary heart failure should be considered a valid
criterion for heart failure hospitalization, although
secondary heart failure hospitalizations should also be
reported and used for sensitivity analysis.

Finally, some trials have used a broader definition
of worsening heart failure events to capture not only
heart failure hospitalizations but also heart failure
hospitalization “equivalents” (16). This approach in-
cludes a definition of heart failure hospitalization
similar to the MVARC definition, plus heart failure–
related emergency department visits and urgent
(unscheduled) clinic visits requiring treatment with
intravenous heart failure therapies or substantial
augmentation of oral heart failure medications. These
latter outpatient visits are “softer” events, are often
less well documented and more difficult to adjudi-
cate, and comprise only about 10% of all worsening
heart failure events (17). As such, the MVARC rec-
ommends that they not be included in the principal
endpoint definition of heart failure hospitalization.
Collecting and adjudicating such events may be use-
ful, however, for secondary sensitivity analyses and
for cost/comparative effectiveness assessments. If
analysis of these outpatient events is needed to
comprehensively characterize device performance
over time, pre-specified definitions sufficient to allow
accurate data capture regarding their occurrence are
required. In the future, as comprehensive outpatient
management of advanced heart failure becomes more
frequent, and as improvements in electronic health
record infrastructure support more robust documen-
tation, elements of outpatient heart failure control
might provide more informative data supporting
clinical insight into devices used for MR.



TABLE 4 Stroke and Transient Ischemic Attack: Diagnosis and Classification

Diagnostic criteria
I. Acute episode of a focal or global neurological deficit with at least 1 of the following:

A. Change in the level of consciousness
B. Hemiplegia, hemiparesis, numbness, or sensory loss affecting 1 side of the body
C. Dysphasia or aphasia, hemianopia, amaurosis fugax, or other neurological signs or

symptoms consistent with stroke
II. In addition, there is no other readily identifiable nonstroke cause for the clinical

presentation (e.g., brain tumor, trauma, infection, hypoglycemia, peripheral lesion,
pharmacological influences) as determined by or in conjunction with the designated
neurologist*

The neurological event type classification
I. Stroke: duration of a focal or global neurological deficit $24 h OR <24 h if available

neuroimaging documents a new intracranial or subarachnoid hemorrhage (hemorrhagic
stroke) or central nervous system infarction (ischemic stroke) OR the neurological deficit
results in death

II. TIA: duration of a focal or global neurological deficit <24 h and neuroimaging does not
demonstrate a new hemorrhage or infarct

Confirmation of the diagnosis of stroke or TIA requires at least 1 of the following
I. Neurologist or neurosurgical specialist, or
II. Neuroimaging procedure (CT scan or brain MRI)

Stroke/TIA timing classification
I. Periprocedural if it occurs within 30 days of the intervention, or if beyond 30 days in the

patient not yet discharged. A periprocedural stroke/TIA may be further considered
immediate if it occurs within 24 h of the procedure or within 24 h of awakening from
general anesthesia if beyond 24 h.

II. Nonperiprocedural if it occurs beyond 30 days after the intervention and after the
patient has been discharged.

Stroke/TIA etiology classification
I. Ischemic: an acute episode of focal cerebral, spinal, or retinal dysfunction caused by

infarction of the central nervous system tissue
II. Hemorrhagic: an acute episode of focal or global cerebral or spinal dysfunction caused

by intraparenchymal, intraventricular, or subarachnoid hemorrhage
III. Undetermined: if there is insufficient information to allow categorization as ischemic

or hemorrhagic

Stroke severity† is further classified as
I. Disabling stroke: an mRS score $2 at 90 days plus an increase in $1 mRS category from

the pre-stroke baseline
II. Nondisabling stroke: an mRS score <2 at 90 days or without an increase $1 mRS

category from the pre-stroke baseline

*Patients with nonfocal global encephalopathy will not be reported as having had a stroke without unequivocal
evidence of cerebral infarction based upon neuroimaging studies (CT scan or cerebral MRI). †Modified Rankin
scale (mRS) assessments should be made by qualified individuals according to a certification process (20,55,56).

CT ¼ computed tomography; MRI ¼ magnetic resonance imaging; TIA ¼ transient ischemic attack.

Stone et al. J A C C V O L . 6 6 , N O . 3 , 2 0 1 5

MVARC Part 2: Standardized Endpoint Definitions J U L Y 2 1 , 2 0 1 5 : 3 0 8 – 2 1

312
NEUROLOGICAL EVENTS

Stroke is a critical endpoint in cardiovascular clinical
trials, often considered second only to mortality in
importance to patients and physicians. However,
until recently, studies have rarely adjudicated stroke,
have not used consistent definitions or required
routine neurological examination, and have not
examined the effect of stroke on quality of life and
survival. Factors that can affect the risk of stroke after
transcatheter therapies for MR include the type of MV
device and interventional procedures (given access
considerations and the device’s mechanism of ac-
tion), underlying patient comorbidities, and other
factors associated with stroke, including pre- and
post-operative atrial fibrillation and use of chronic
anticoagulation. If the comparator arm is MV surgery,
the stroke risk in the control group can also vary ac-
cording to whether MV repair versus replacement is
performed and whether concomitant Maze or other
cardiac procedures are performed (18). Accurate and
contemporary assessment of stroke occurring in
patients undergoing MV procedures is essential.

In the Valve Academic Research Consortium
(VARC) and VARC-2 consensus documents (4,5),
rigorous definitions, study endpoints, and processes
for assessing neurological events after TAVR pro-
cedures were proposed. MVARC recommends that
the basic definitions, classifications, and levels of
severity for stroke and transient ischemic attack after
MV procedures generally conform to VARC-2 criteria
(5) and be consistent with recent standards from the
American Heart Association and American Stroke
Association (19), as outlined in Table 4. The greatest
sensitivity for ascertainment of neurological events
will be achieved by routine patient examination by
qualified neurologists before and after procedures
(both MV surgery and transcatheter therapies). In 2
recent studies of patients with aortic stenosis treated
by either surgery or TAVR, systematic neurology
evaluations resulted in higher rates of observed
stroke than had been previously reported (20,21). To
date, few studies or transcatheter MR therapies have
reported stroke rates, and routine neurological eval-
uation was not performed (22,23). Accordingly,
MVARC recommends that a qualified stroke neurolo-
gist be included in all phases of clinical trial planning,
execution, and monitoring, including involvement in
the clinical events adjudication committee and the
data and safety monitoring board. Brain imaging
(typically magnetic resonance imaging for acute and
chronic ischemia and hemorrhage, and computed
tomography for acute and chronic hemorrhage and
chronic ischemia) should be used to supplement the
clinical diagnosis of stroke (24).

Stroke may result in a range of clinical disabilities
with varying effects on clinical outcomes and quality
of life. For these reasons, stroke is further classified as
“disabling” or “nondisabling” on the basis of a
modified Rankin Scale (mRS) (25). A “disabling”
stroke includes even relatively minor neurological
deficits (e.g., partial visual field cut) and is defined as
an mRS score $2 with an increase in $1 mRS category
from an individual’s pre-stroke baseline at 90 days
after stroke onset. The mRS should be recorded dur-
ing each outpatient visit by a trained individual
certified in stroke assessment. With proper training,
this need not be a physician.

Patients remain at long-term risk for ischemic
stroke after MV surgery, in part due to comorbidities,
atrial fibrillation, LV dysfunction, prosthetic valve
material, structural valve deterioration, and for
hemorrhagic stroke from chronic anticoagulant agent
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use (26). Transcatheter MV therapies may also pre-
dispose to thrombus formation with embolic risk of
stroke. Precise documentation of baseline patient
characteristics (e.g., left atrial and cardiac function,
carotid stenosis), post-operative complications (e.g.,
new-onset atrial fibrillation), and the use and dosage
of antithrombotic and antiplatelet medications are
essential to identify the contributing causes of stroke.
Evaluation to determine the etiology of stroke must
be comprehensive, including transesophageal echo-
cardiography and extended monitoring for atrial
fibrillation when appropriate.

In addition to documentation of stroke and tran-
sient ischemic attack, there is growing realization
that subtle changes in neurocognitive function,
especially in the elderly, may have important clinical
consequences. Methodology for neurocognitive tes-
ting is evolving, with no standard currently accepted
(27). At present, pre- and post-procedure neuro-
cognitive testing is not routinely required in clinical
trials of MV therapies, although analysis of neuro-
cognitive data may be a worthwhile secondary
endpoint for future analysis (28).

Finally, it has become increasingly recognized that,
in many cases, cerebral infarction (as evidenced by
new abnormalities detected by diffusion-weighted
magnetic resonance imaging) may occur during sur-
gical and interventional procedures, but be clinically
silent (29–31). As the relationship between these
asymptomatic defects and the development of de-
clining neurocognitive function is uncertain (32–35),
in the absence of clinical symptoms or signs of cerebral
infarction, their occurrence should not currently be
included in the primary endpoint of stroke in trials
investigating novel transcatheter devices for MR.
However, there is increasing interest to consider this
endpoint as a valid measure of effectiveness in studies
of adjunctive embolic protection devices, assuming
such devices are also proven to have minimal risk
(i.e., favorable benefit-risk profile).

MYOCARDIAL INFARCTION

For patients in clinical trials and prospective registry
studies of MV surgical and transcatheter therapies, it
is essential that the post-procedural degree of myo-
necrosis be accurately evaluated and consistently
reported. This is especially true as some devices
designed to treat MR work in close proximity to the
coronary arteries. To date, however, the incidence
and effect of periprocedural MI after MV surgery or
transcatheter interventions have been inadequately
studied; the definition of MI used in prior studies of
MV therapies has varied (or not been reported); and
the methodology to ascertain these events has often
not been described (36–38).

Importantly, the optimal definition for MI after MV
interventions is unknown. In this regard, the accepted
definition of periprocedural MI for use in clinical trials
of other interventional devices has undergone sub-
stantial evolution in the past 3 decades. In the balloon
angioplasty and stent eras, the most commonly used
definition was on the basis of the World Health Orga-
nization criterion of an elevation in post-procedure
creatine kinase (CK) to $2� the upper limits of
normal (ULN), with evidence of positive MB band iso-
enzymes. As adjunctive pharmacology was introduced
with the goal of enhancing procedural safety, smaller
levels of myonecrosis (on the basis of CK-MB) were
required to define a periprocedural MI, usually $3�
ULN. As troponin measurements were adopted, a
troponin level of $3� ULN was often used inter-
changeably with CK-MB $3� ULN, despite the greater
sensitivity of troponins to detect small degrees of
myocardial injury. Finally, the Universal Definition of
Myocardial Infarction group advocated for greater
standardization of MI criteria by using the 99th
percentile of the upper reference limit for each assay,
which, compared with the ULN, further decreased the
threshold for MI detection (39). As a result, the re-
ported rates of periprocedural MI have increased from
2% to 3% in the early percutaneous coronary inter-
vention era to as high as 24% more recently (40). The
use of high-sensitivity troponins would further in-
crease the rate of periprocedural MI (41,42). Given the
arbitrary nature of these definitions, a task force of the
Society for Cardiac Angiography and Interventions
recently introduced a definition for a “clinically rele-
vant MI,” representing a level of myonecrosis that has
been linked to subsequent adverse clinical outcomes
(usually mortality) after adjustment for covariates
associated with biomarker elevations (43). A similar
evolution has taken place in biomarker interpretation
after coronary artery bypass grafting, with recent
recommendations to utilize comparable levels of
myonecrosis after surgical and interventional revas-
cularization procedures (43).

On the basis of these precedents, MVARC recom-
mends that all patients in trials of MR therapies have
assessment of biomarker levels at baseline and twice
within 24 h post-procedure (e.g., at 8 � 4 h and at 16 �
4 h). 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. CK-MB is
the preferred biomarker as it has the most robust
historical data relating its elevation to subsequent
adverse outcomes (43). Standard troponin assays
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(not high-sensitivity) may be utilized if CK-MB is
not available. All patients should also have a baseline
12-lead electrocardiogram (ECG), repeated within 2 h
post-procedure. For patients in large-scale obser-
vational databases, a baseline and post-procedure
screening ECG within 2 h may be sufficient, with
subsequent evaluation of cardiac biomarkers and
imaging studies should new ST-segment changes or
Q waves become evident.

Given the fact that the implications of biomarker
elevations after surgical incisions of the myocardium
(including transapical access) are unknown, MVARC
believes that at present, a strict definition of MI in
valve procedures should require additional evidence
of myocardial injury, either new ST-segment eleva-
tion or depression or pathological Q waves. The extent
of myonecrosis after MV surgical and transcatheter
procedures that may result in (or at least be inde-
pendently associated with) heart failure, arrhythmias,
death, or other adverse outcomes is presently un-
known. In the absence of data, we therefore recom-
mend that a modification of the Society for Cardiac
Angiography and Interventions criteria for clinically
relevant periprocedural MI be adopted for clinical trial
and registry reporting use (Table 5) (43). For
of MI After Transcatheter and Surgical Mitral Valve Replacement

#48 h after the index procedure)*†
normal baseline CK-MB (or cTn): The peak CK-MB measured within
edure rises to $10� the local laboratory ULN plus new ST-segment
ression of $1 mm in $2 contiguous leads (measured 80 ms after the
5� ULN with new pathological Q waves in $2 contiguous leads or new
, OR in the absence of CK-MB measurements and a normal baseline
T) level measured within 48 h of the PCI rises to $70� the local
plus new ST-segment elevation or depression of $1 mm in $2
s (measured 80 ms after the J-point), or $35� ULN with new
aves in $2 contiguous leads or new persistent LBBB.
elevated baseline CK-MB (or cTn): The CK-MB (or cTn) rises by an
ent equal to those levels recommended above from the most recent
vel plus, new ECG changes as described.

48 h after the index procedure)‡
nd/or fall of cardiac biomarkers (preferably cTn) with at least 1 value
centile URL (or ULN in the absence of URL) together with at least 1 of

chemia
dicative of new ischemia (new ST-segment or T-wave changes or new
athological Q waves in $2 contiguous leads
e of a new loss of viable myocardium or new wall motion abnormality

sudden, unexpected cardiac death‡
th or cardiac arrest, often with symptoms suggestive of myocardial
mpanied by presumably new ST-segment elevation or new LBBB and/or
hrombus by coronary angiography and/or at autopsy, but death occurs
les could be obtained or at a time before the appearance of cardiac
lood

gs of an acute myocardial infarction‡

(hs)-troponins is recommended for diagnosis of type II (spontaneous) MI, but has not
nt of periprocedural MI. Standard troponin assays are therefore recommended for
eriprocedural biomarker elevation >ULN not meeting the criteria for MI should be
sis not meeting MI criteria.” †Adapted from Moussa et al. (43). ‡Adapted with
et al. (39).

-MB; cTn ¼ cardiac troponin; ECG ¼ electrocardiogram; LBBB ¼ left bundle branch
arction; ULN ¼ upper limit of normal; URL ¼ upper reference limit.
nonperiprocedural spontaneous MI, the Third Uni-
versal Definition of Myocardial Infarction criteria
should be adopted (Table 5) (39). Periprocedural
biomarker elevations not meeting the criteria for MI in
Table 5 should be categorized as “myonecrosis not
meeting MI criteria,” and the implications of these
lower levels of myonecrosis should be carefully
examined. Future research should be performed to
evaluate the optimal definition for a clinically rele-
vant MI in the setting of surgical and transcatheter MV
procedures, including assessment of whether the
presence of ECG changes and/or new imaging evi-
dence of infarction add important prognostic
information.

ACCESS AND VASCULAR COMPLICATIONS

Transcatheter MV interventions may result in com-
plications arising from access site entry, trans-septal
procedures, and/or the device interacting with the
MV complex and adjacent structures. Transcatheter
MV procedures may involve venous, arterial, or
transapical access, and the incidence and variety of
associated complications will vary with each
approach (44). Venous access site-related complica-
tions may include bleeding, thrombophlebitis, and
pulmonary embolism. Arterial access site-related
complications may include bleeding, ischemia, and
peripheral emboli (45). Access site-related complica-
tions may include unintended perforation of impor-
tant vascular and cardiac structures such as the
inferior vena cava, aorta LV, left atrium, coronary
sinus, right atrium, and right ventricle. Vascular
complications directly due to malfunction of closure
devices should also be recorded. Planned repair of
access site entry portals such as the myocardial apex
are not considered access site-related complications.
Although atrial septal defects after trans-atrial pro-
cedures are not usually of hemodynamic significance
and do not require repair, the criteria for a significant
residual atrial septal defect should be pre-specified.
Table 6 lists MVARC recommended definitions for
major and minor access-related complications.

BLEEDING COMPLICATIONS

Bleeding after surgical or transcatheter valve pro-
cedures has been strongly related to subsequent
mortality (45,46). As such, bleeding events must be
carefully recorded and reported in the periprocedural
period as well as during long-term follow-up. Patients
with MV disease are prone to bleeding because of
underlying comorbidities and frequent use of chronic
anticoagulation. Numerous bleeding scales have been



TABLE 6 Access Site and Vascular Complications

I. Vascular complications

A. Major access site vascular complications, including:
i. Aortic dissection or aortic rupture, or
ii. Access site-related† arterial or venous injury (dissection, stenosis, ischemia,

arterial, or venous thrombosis including pulmonary emboli, perforation, rupture,
arteriovenous fistula, pseudoaneurysm, hematoma, retroperitoneal hematoma,
atrial septal defect‡), irreversible nerve injury, or compartment syndrome resulting
in death; hemodynamic compromise; life-threatening, extensive, or major bleeding
(MVARC bleeding scale); visceral ischemia; or neurological impairment, or

iii. Distal embolization (noncerebral) from a vascular source requiring surgery or
resulting in amputation or irreversible end-organ damage, or

iv. Unplanned endovascular or surgical interventions resulting in death; life-
threatening, extensive, or major bleeding (MVARC bleeding scale); visceral
ischemia; or neurological impairment

B. Minor access site vascular complications, including:
i. Access site arterial or venous injury (dissection, stenosis, arterial, or venous

thrombosis including pulmonary emboli, ischemia, perforation, rupture, arterio-
venous fistula, pseudoaneurysm, hematoma, retroperitoneal hematoma, atrial
septal defect‡) not resulting in death; life-threatening, extensive, or major
bleeding (MVARC scale); visceral ischemia; or neurological impairment, or

ii. Distal embolization treated with embolectomy and/or thrombectomy not resulting
in amputation or irreversible end-organ damage, or

iii. Any unplanned endovascular stenting or unplanned surgical intervention not
meeting the criteria for a major vascular complication, or

iv. Vascular repair (via surgery, ultrasound-guided compression, transcatheter
embolization, or stent-graft)

II. Cardiac structural complications due to access-related issues

A. Major cardiac structural complications, including:
i. Cardiac perforation* or pseudoaneurysm resulting in death, life-threatening

bleeding, hemodynamic compromise, or tamponade, or requiring unplanned sur-
gical or percutaneous intervention

B. Minor cardiac structural complications, including:
i. Cardiac perforation* or pseudoaneurysm not meeting major criteria

*Including the left ventricle, left atrium, coronary sinus, right atrium, and right ventricle. †May arise from the
access procedure per se or complications from vascular closure devices. ‡Meeting pre-specified criteria for a
hemodynamically significant shunt, or requiring unplanned percutaneous or surgical closure.
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used in past trials of surgical and interventional
therapies. VARC criteria have been developed to
characterize bleeding after TAVR and surgical aortic
valve procedures (4,5), and the Bleeding Academic
Research Consortium (BARC) criteria have been pro-
posed to define bleeding after coronary procedures
(6). Clinical trials have identified areas for which
further clarification and detail may be useful. MVARC
recommends that a modified VARC-2 classification
scheme be used for the primary definition of bleeding
after MV procedures, in which fatal bleeding is more
comprehensively defined and nonfatal bleeding is
better characterized. In addition, for sensitivity
analysis and in recognition that the optimal bleeding
scale has not been identified, the committee recom-
mends that a modified BARC classification of bleeding
events also be reported. The modified VARC-2 and
BARC bleeding scales appear in Table 7. In addition,
in recognition that blood transfusions have been
strongly associated with adverse outcomes (45,46),
the timing (e.g., intraprocedural vs. post-procedural)
and quantity (number of units) of each type of
transfused blood product should be collected and
reported, whether or not the transfusion is associated
with overt bleeding.

ACUTE KIDNEY INJURY

Acute kidney injury (AKI) is an important complica-
tion that may occur in patients undergoing surgical or
transcatheter valve repair or replacement and has
been strongly related to subsequent mortality
(47–49). The etiology of AKI after MV intervention is
multifactorial and may include contrast-induced ne-
phropathy; atheroemboli; drug-induced, acute
tubular necrosis due to renal hypoperfusion; and
other causes. Consensus of a uniform definition for
AKI has not been achieved. VARC adopted the serum
creatinine criteria from the modified RIFLE (Risk of
renal dysfunction, Injury to the kidney, Failure of
kidney function, Loss of kidney function, and End-
stage kidney disease) classification but deliberately
did not include the urine output criteria in defining
AKI (4). VARC-2 used the Acute Kidney Injury
Network definition (a modified version of RIFLE) that
has been widely adopted in the nephrology commu-
nity, including the Kidney Disease: Improving Global
Outcomes initiative (5,50). Additionally, VARC-2
extended the timing for the diagnosis of AKI from
72 h to 7 days. In the absence of data regarding which
AKI scale has the greatest prognostic utility, MVARC
recommends adoption of VARC-2 criteria for AKI in
MV trials and registries (Table 8). Serum creatinine
should thus be measured pre-procedure, within 24 h
post-procedure, and between 2 and 3 days post-
procedure. If either of the 2 post-procedure values is
increased by $25% or $0.2 mg/dl from baseline, an
additional value should be drawn between 5 and 7
days, and then serial measures assessed until the
creatinine is declining. In addition to reporting the
occurrence of AKI, the need for ultrafiltration or he-
modialysis should be separately recorded.

ARRHYTHMIAS AND

CONDUCTION SYSTEM DISTURBANCES

Patients with MR and LV dysfunction frequently have
atrial and ventricular arrhythmias, especially atrial
fibrillation and ventricular tachycardia. The occur-
rence of atrial fibrillation may worsen MR, contrib-
uting to additional volume overload and further
arrhythmia propensity, and result in embolic stroke.
Progressive left and right ventricular dilation due to
MR may predispose to lethal ventricular arrhythmias
(51,52). Patients with LV dyssynchrony may be can-
didates for biventricular pacing, which may reduce
MR (53–55). Internal defibrillators are commonly
implanted in patients with reduced LV ejection frac-
tion and improve survival (54,55). MV interventions



TABLE 7 Definition of Bleeding Complications

MVARC Primary Bleeding Scale*

I. Minor
Any overt,† actionable sign of hemorrhage (e.g., more bleeding than would be expected for a clinical circumstance, including bleeding

found by imaging alone) that meets $1 of the following: requiring nonsurgical medical intervention by a health care professional;
leading to hospitalization or increased level of care; prompting evaluation; or requires 1 or 2 U of whole blood or packed RBC
transfusion and otherwise does not meet criteria for major, extensive, or life-threatening bleeding.

II. Major
Overt bleeding either associated with a drop in the hemoglobin of $3.0 g/dl‡ or requiring transfusion of $3 U of whole blood or packed

RBCs AND does not meet criteria of life-threatening or extensive bleeding.
III. Extensive

Overt source of bleeding with drop in hemoglobin of $4 g/dl‡ or whole blood or packed RBC transfusion $4 U within any 24-h period, or
bleeding with drop in hemoglobin of $6 g/dl‡ or whole blood or packed RBC transfusion $4 U (BARC type 3b) within 30 days of the
procedure.

IV. Life-threatening
Bleeding in a critical organ, such as intracranial, intraspinal, intraocular, or pericardial necessitating surgery or intervention, or intra-

muscular with compartment syndrome OR bleeding causing hypovolemic shock or hypotension (systolic blood pressure <90 mm Hg
lasting >30 min and not responding to volume resuscitation) or requiring significant doses of vasopressors or surgery.

V. Fatal
Bleeding adjudicated as being a proximate cause of death. Severe bleeding adjudicated as being a major contributing cause of a subse-

quent fatal complication, such as MI or cardiac arrest, is also considered fatal bleeding.

Modified BARC Bleeding Scale (Secondary Use)§

Type 0

No bleeding.
Type 1

Bleeding that is not actionable and does not cause the patient to seek unscheduled performance of studies, hospitalization, or treatment
by a health care professional. May include episodes leading to self-discontinuation of medical therapy by the patient without
consulting a health care professional.

Type 2

Any overt,† actionable sign of hemorrhage (e.g., more bleeding than would be expected for a clinical circumstance, including bleeding
found by imaging alone) that does not fit the criteria for type 3, 4, or 5 but does meet $1 of the following: requiring nonsurgical
medical intervention by a health care professional, leading to hospitalization or increased level of care, or prompting evaluation.

Type 3a

� Overt* bleeding plus hemoglobin drop of 3 to <5 g/dl‡ (provided drop is related to bleed)
� Any transfusion with overt bleeding

Type 3b

� Overt bleeding plus hemoglobin drop $5 g/dl‡ (provided drop is related to bleed)
� Cardiac tamponade
� Bleeding requiring surgical intervention for control (excluding dental/nasal/skin/hemorrhoid)
� Bleeding requiring IV vasoactive agents

Type 3c

� Intracranial hemorrhage (does not include microbleeds or hemorrhagic transformation but does include intraspinal bleeding)
� Subcategories confirmed by autopsy, imaging, or lumbar puncture
� Intraocular bleeding compromising vision

Type 4 (periprocedural)

� Perioperative intracranial bleeding #48 h
� Reoperation after closure of incision site for the purpose of controlling bleeding
� Transfusion of $5 U whole blood or packed RBCs within 48-h period of the index procedure
� Chest tube output $2 l within 24-h period

Type 5a:

Probable fatal bleeding. No autopsy or imaging confirmation but clinically suspicious.
Type 5b:

Definite fatal bleeding. Overt bleeding, autopsy, or imaging confirmation.

*Modified with permission from VARC-2 (5). †“Overt” bleeding is defined by any of the following criteria being met: Reoperation after closure of sternotomy for the purpose of
controlling bleeding; chest tube output >2 l within any 24-h period, >350 ml within the first post-operative hour, $250 ml within the second post-operative hour, or >150 ml
within the third post-operative hour; or visible bleeding from the vascular system either at or remote from the access/surgical site. ‡Adjusted for the number of units of blood
transfused (1 U packed red blood cells or whole blood is equivalent to 1 g/dl hemoglobin). §Modified from BARC (6).

BARC ¼ Bleeding Academic Research Consortium; IV ¼ intravenous; MVARC ¼ Mitral Valve Academic Research Consortium; RBC ¼ red blood cells; VARC ¼ Valve Academic
Research Consortium.
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may induce new atrial or ventricular arrhythmias and
may displace pre-existing leads. Conversely, reduc-
tion of MR after effective surgical or transcatheter MV
interventions may theoretically improve LV ejection
fraction and diminish the frequency of serious and
life-threatening arrhythmias. The development of
conduction disturbances after MV repair is relatively
infrequent (56,57), although whether this will remain
true for transcatheter MV repair and replacement
procedures is unknown. Thus, assessment of the
presence and burden of atrial and ventricular ar-
rhythmias, conduction system disease, and use of
therapeutic drugs and technologies is important in
this patient population (Table 9). Pacemaker or



TABLE 9 Arrhythmias and Conduction System Disturbances

For emerging mitral valve procedures in which the frequency of major arrhythmias and
conduction system disturbances is unknown, continuous rhythm monitoring for at least 48 h
in the post-procedural period is recommended to maximize the detection of arrhythmias and
conduction system disturbances.

Data elements to be collected for all patients should include:
I. Baseline conduction abnormalities, paroxysmal or permanent atrial fibrillation (or

flutter), ventricular arrhythmias, and the presence of permanent pacemaker and
implantable defibrillators*

II. Procedure-related new or worsened cardiac conduction disturbance (including first-,
second- [Mobitz I or Mobitz II], or third-degree AV block; incomplete and complete
right bundle branch block; intraventricular conduction delay; left bundle branch block;
left anterior fascicular block; or left posterior fascicular block, including heart block)
requiring a permanent pacemaker implant; each subclassified as persistent or transient

III. New-onset atrial fibrillation (or flutter)†
IV. New-onset ventricular tachycardia or fibrillation
V. Pacemaker or defibrillator lead dislodgement

Arrhythmias and conduction system disturbances are subclassified according to:
I. The occurrence of hemodynamic instability
II. Need for therapy including electrical/pharmacological cardioversion or initiation of a

new medication (oral anticoagulation, rhythm, or rate control therapy)
III. Need for new permanent pacemaker and/or defibrillator implantation, including the

indication(s) and the number of days post-implant. For patients with defibrillators, the
number of appropriate and inappropriate shocks should be recorded.

*The type of permanent pacemaker should be recorded (e.g., single vs. dual chamber, biventricular). †Which lasts
sufficiently long to be recorded on a 12-lead electrocardiogram, or at least 30 s on a rhythm strip.

AV ¼ atrioventricular.

TABLE 8 Definition and Stages of Acute Kidney Injury

Definition

Maximal change in sCr from baseline to 7 days post-procedure

Stages

Stage 1 Increase in sCr to 150%–199% (1.50–1.99� increase vs. baseline), increase
of $0.3 mg/dl ($26.4 mmol/l) within 48 h, or urine output <0.5 ml/kg/h
for $6 h but <12 h

Stage 2 Increase in sCr to 200%–299% (2.00–2.99� increase vs. baseline) or urine
output <0.5 ml/kg/h for $12 h but <24 h

Stage 3 Increase in sCr to $300% (>3.0� increase vs. baseline), sCr of $4.0 mg/dl
($354 mmol/l) with an acute increase of $0.5 mg/dl (44 mmol/l), urine
output <0.3 ml/kg/h for $24 h, or anuria for $12 h; patients receiving renal
replacement therapy are considered stage 3 irrespective of other criteria

Adapted with permission from Kappetein et al. (5).
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defibrillator lead dislodgement is also a potential risk,
especially if the leads were recently positioned, and
should be reported.

MEASURES OF TECHNICAL, DEVICE,

PROCEDURAL, AND PATIENT SUCCESS

Technical, device, procedural and patient success are
complementary metrics used to evaluate the acute
and late outcomes of MV surgical and transcatheter
interventions. These important parameters should be
included as secondary endpoints in all prospective
clinical trials and observational studies of MR thera-
pies, and should be recorded in (or determined from)
administrative databases if possible. MVARC-
recommended definitions for technical, device, pro-
cedural, and patient success are shown in Table 10.

Technical success, measured at the time of the
patient’s exit from the cardiac catheterization labo-
ratory, reflects the ability of the device to be deployed
as intended and the delivery system successfully
retrieved without procedural mortality or need for
emergency surgery or intervention.

Device success, measured at 30 days and at all
follow-up intervals thereafter, characterizes not only
the acute “technical” performance of the device and
delivery system, but the effectiveness of the device in
reducing the severity of MR by a pre-specified
amount or to a pre-specified level, as assessed by an
independent echocardiographic core laboratory,
without device-related complications. By MVARC
criteria, “optimal” device success requires a reduc-
tion in post-procedural MR to no more than trace
levels. “Acceptable” device success is defined as a
reduction in post-procedure MR by at least 1 class
(i.e., from severe to moderate or less; from moderate
to mild or less; or from mild to none). Alternatively, if
the 4þ numerical classification is used to grade MR
severity, “optimal” device success is defined as a
reduction in post-procedural MR to 0þ or trace, and
“acceptable” device success is defined as a reduction
in post-procedure MR by $1 grade from baseline and
to an absolute level of #2þ. Emerging data suggests
that hemodynamic and prognostic improvement
following transcatheter repair of MR may be realized
in patients with reduction in MR severity from severe
to moderate (58–60), although further studies are
required to determine the prognostic effect of resid-
ual moderate (2þ) versus mild (1þ) versus absent MR.
Device success further requires the echocardiographic
absence of significant mitral stenosis (calculated
valve area $1.5 cm2 and transmitral gradient <5
mm Hg), and no greater than mild (1þ) paravalvular
MR without associated hemolysis. Note, however,
that the calculated MV area and transmitral gradient
vary with flow, and assessment of the degree of
paravalvular MR can be subjective. Further studies
are warranted to determine the prognostic effect of
these measures.

Procedural success is a composite safety and
efficacy endpoint measured at 30 days that is meant to
characterize the early outcome of a mitral interven-
tional procedure. For procedural success to be pre-
sent, device success must have been achieved without
major clinical complications, as detailed in Table 10.

Finally, patient success is a parameter reflecting
whether the MV intervention was efficacious in
improving overall clinical outcomes at 1 year. One-
year patient success requires continuous device suc-
cess throughout the follow-up period, with return of
the patient to his or her pre-procedural living setting



TABLE 10 Technical, Device, Procedural, and Patient Success

I. Technical success (measured at exit from the catheterization laboratory)
All of the following must be present:
I. Absence of procedural mortality; and
II. Successful access, delivery, and retrieval of the device delivery system; and
III. Successful deployment and correct positioning of the first intended device; and
IV. Freedom from emergency surgery or reintervention related to the device or access procedure.

II. Device success (measured at 30 days and at all later post-procedural intervals)
All of the following must be present:
I. Absence of procedural mortality or stroke; and
II. Proper placement and positioning of the device; and
III. Freedom from unplanned surgical or interventional procedures related to the device or access procedure; and
IV. Continued intended safety and performance of the device, including:

a. No evidence of structural or functional failure (see Table 11, part I)
b. No specific device-related technical failure issues and complications (see Table 11, part II)
c. Reduction of MR to either optimal or acceptable levels* without significant mitral stenosis (i.e., post-procedure EROA is $1.5 cm2

with a transmitral gradient <5 mm Hg), and with no greater than mild (1þ) paravalvular MR (and without associated hemolysis)

III. Procedural success (measured at 30 days)
All of the following must be present:
I. Device success (either optimal or acceptable),† and
II. Absence of major device or procedure related serious adverse events, including:

A. Death
B. Stroke
C. Life-threatening bleeding (MVARC scale)
D. Major vascular complications
E. Major cardiac structural complications
F. Stage 2 or 3 acute kidney injury (includes new dialysis)
G. Myocardial infarction or coronary ischemia requiring PCI or CABG
H. Severe hypotension, heart failure, or respiratory failure requiring intravenous pressors or invasive or mechanical heart failure

treatments such as ultrafiltration or hemodynamic assist devices, including intra-aortic balloon pumps or left ventricular or
biventricular assist devices, or prolonged intubation for $48 h.

I. Any valve-related dysfunction, migration, thrombosis, or other complication requiring surgery or repeat intervention

IV. Patient success (measured at 1 year)
All of the following must be present:
I. Device success (either optimal or acceptable), and
II. Patient returned to the pre-procedural setting: and
III. No rehospitalizations or reinterventions for the underlying condition (e.g., mitral regurgitation, heart failure); and
IV. Improvement from baseline in symptoms (e.g., NYHA improvement by $1 functional class); and
V. Improvement from baseline in functional status (e.g., 6-min walk test improvement by $50 m); and
VI. Improvement from baseline in quality-of-life (e.g., Kansas City Cardiomyopathy Questionnaire improvement by $10)

*MR reduction is considered optimal when post-procedure MR is reduced to trace or absent. MR reduction is considered acceptable when post-procedure MR is reduced by at
least 1 class or grade from baseline and to no more than moderate (2þ) in severity. For clinical trials and registry studies, assessment of baseline and post-procedure MR must
be made by an echocardiographic core laboratory. For large observational databases, baseline and post-procedure MR may be assessed by physicians trained in echocardio-
graphic evaluation. †For 30-day evaluation of device success, the results from an immediate post-procedural transesophageal echocardiogram and from a transthoracic
echocardiogram taken within 24 to 48 h post-procedure may be used if the 30-day echocardiogram is absent. Device success determinations at post-procedural intervals
beyond the initial 30 days should reflect findings from the patient history and an echocardiographic study obtained within the relevant pre-specified follow-up window.

CABG ¼ coronary artery bypass grafting; EROA ¼ effective regurgitant orifice area; MR ¼ mitral regurgitation; MVARC ¼ Mitral Valve Academic Research Consortium;
NYHA ¼ New York Heart Association; PCI ¼ percutaneous coronary intervention.
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(e.g., home or assisted living facility), no repeat hos-
pitalizations for the underlying condition (e.g., MR or
heart failure), and sustained improvement in symp-
toms, functional status, and quality-of-life, as
detailed in Table 10.

DEVICE-RELATED ENDPOINTS

In addition to overall device and procedural success,
device-related specific endpoints that are important
to consider include subcategories of device access
and delivery-related success and complications,
acute and chronic device function, and device-related
complications. The endpoints presented in Table 11
represent a framework for device-related endpoints
that should be considered, adjusted as appropriate for
each particular device.
CONCLUSIONS

The ARC initiative grew out of the need for prag-
matic, clinically relevant consensus definitions
whose consistent use would enhance the assess-
ment of relative safety and effectiveness in medical
device evaluations (2). Although no single defini-
tion is perfect for all therapies and situations,
consistent use of consensus definitions is more
informative than varying ad hoc definitions across
studies, and it promotes system-wide understand-
ing of comparative health effectiveness as well as
scientific progress and innovation. In this regard,
the original ARC percutaneous coronary interven-
tion definitions and VARC endpoints have been
widely implemented and proven useful. MVARC has
extended the ARC mission not only to provide



TABLE 11 Specific Device-Related Technical Failure Issues and Complications

I. Device failure

Device failure, defined as the absence of device success (Table 10), is subclassified as:
� Delivery failure (i.e., technical failure)
� Structural failure: the device does not perform as intended due to a complication related to the device (e.g., fracture, migration

or embolization, frozen leaflet, device detachment, and so on)
� Functional failure: the device performs as intended without complication but does not adequately reduce the degree of MR

(MR > moderate [2þ], or fails to relieve or creates new mitral stenosis [EROA <1.5 cm2 or transmitral gradient $5 mm Hg]).

II. Specific device-related technical failure issues and complications

� Paravalvular leak
- Major: moderate or severe (2þ, 3þ, or 4þ), or associated with hemolysis, or requiring intervention or surgery
- Minor: trace or mild (1þ), without hemolysis

� Iatrogenic atrial septal defect
- Major: significant left-to-right shunt (Qp:Qs $2:1) or symptomatic requiring the need for closure
- Minor: nonsignificant shunt that is still present at $6 months

� Coronary vessel compression or obstruction
- Angiographic evidence of any reduction in coronary artery luminal diameter or coronary sinus diameter due to either external
compression, thrombosis, embolism, dissection, or other cause, subclassified as:

n Major ($50% diameter stenosis) or minor (<50%)
n Symptomatic or not
n Requiring treatment or not
n Transient (intraprocedural only, resolved at procedure end) or persistent

� Pericardial effusion
- Major: leading to cardiac tamponade or requiring intervention
- Minor: not leading to cardiac tamponade and not requiring intervention

� Conversion to open mitral valve surgery during a transcatheter procedure, subclassified as
- Secondary to mitral valve apparatus damage or dysfunction, requiring surgical valve repair or replacement, or
- Secondary to procedural complications (such as cardiac perforation, removal of an embolized device, and so on)

� Device malpositioning
- Ectopic device placement: permanent deployment of a device in a location other than intended
- Device migration: after initial correct positioning, the device moves within its initial position but not leading to device embolization
- Device embolization: the device moves during or after deployment such that it loses contact with its initial position

� Device detachment
- Partial: detachment of part of the device from the initial position without embolization
- Complete: detachment leading to device embolization or ectopic device placement

� Device fracture
- Major: a break, tear, perforation, or other structural defect in the device (stent, housing, leaflet, arm, and so on) resulting in device
failure, resulting in recurrent symptoms, or requiring reintervention, or

- Minor: a break, tear, perforation, or other structural defect in the device (stent, housing, leaflet, arm, and so on) not resulting in device
failure, not resulting in recurrent symptoms, and not requiring reintervention

� Damage to the native mitral valve apparatus
- Chords
- Papillary muscles
- Leaflets
- Mitral annulus

� Interaction with nonmitral valve intracardiac structures
- Left ventricular outflow tract obstruction (gradient increase $10 mm Hg from baseline)
- Aortic valve regurgitation ($ moderate or 2þ)
- Other

� Device thrombosis, defined as any thrombus attached to or near an implanted valve, subclassified as:
- Major: occludes part of the blood flow path, interferes with valve function (e.g., immobility of 1 or more leaflets), is symptomatic,
or is sufficiently large to warrant treatment, or

- Minor: incidental finding on echocardiography or other imaging test that is not major
� Endocarditis

- Any 1 of the following:
n Fulfillment of the modified Duke endocarditis criteria (61), or
n Evidence of abscess, paravalvular leak, pus, or vegetation confirmed as secondary to infection by histological or bacteriological

studies during an operation or autopsy.
- Should be further subclassified by organism, and early (<1 yr) vs. late ($1 yr)

� Hemolysis
- The presence of a paravalvular leak on transesophageal or transthoracic echocardiography plus anemia requiring transfusion
plus increased haptoglobin and/or LDH levels; should be confirmed by a hematologist

� Other device-specific endpoints
- The number of devices (e.g., clips, neochords) used by intent to achieve the desired reduction in MR
- The need for unplanned use of additional devices (e.g., valves, clips, neochords) as a result of failed device delivery, device detachment,
device fracture, or other device system failure

- If surgery is required, inability to perform mitral valve repair because of the presence of or anatomic changes from the device

LDH ¼ lactate dehydrogenase; Qp ¼ pulmonary blood flow; Qs ¼ systemic blood flow; other abbreviations as in Table 10.
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uniform definitions for endpoints specific to MV
interventions, but also to recommend a consensus
framework for the design and performance param-
eters of clinical studies to assess emerging
transcatheter MR devices. Adoption of the princi-
ples for MR clinical trial investigation detailed in
part 1 of this consensus document (1) and inte-
grating the collection and adjudication of the
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endpoints discussed herein will provide compre-
hensive characterization of novel MR therapies for
clinical and regulatory evaluation and facilitate
quality control initiatives, including assessment of
operator and institutional outcomes relative to
local, regional, and national benchmarks.
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