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Abstract
Purpose of Review Mitral annular calcification (MAC) is associated with cardiovascular comorbidities and events and in the
presence of mitral stenosis (MS) represents a high-risk cohort with limited treatment options. Emerging hybrid, minimally
invasive, and transcatheter therapies that use circumferential MAC as an anchor for mitral valve replacement are emerging,
but none are consistently associated with ideal outcomes.
Recent Findings In patients with MAC and nonrheumatic calcific mitral stenosis who are severely symptomatic, mitral inter-
vention may be indicated. Surgical decalcification and replacement of the mitral valve remains the conventional therapy. Surgical
techniques to avoid decalcification are being described including a left atrium to left ventricular apex graft conduit. Transcatheter
balloon-expandable valves designed for the aortic valve have been implanted in the mitral position inMACwith a surgical direct
transatrial transcatheter approach or transseptal transcatheter approach. Left ventricular outflow tract (LVOT) obstruction re-
mains prevalent and associated with increased mortality. Direct transatrial approach allows for surgical resection of the anterior
leaflet to mitigate this risk, and percutaneous therapies to lacerate the anterior leaflet or to ablate the basal septum are being
developed. Cardiac computed tomography has emerged as a requisite for patient selection and procedural planning and has
powerful predictive value for LVOT obstruction and valve embolization in valve-in-MAC. Novel transcatheter valves designed
specifically for the mitral space are being studied in patients with MAC.
Summary MACwith mitral stenosis remains a challenging disease. Advances in technique, technology, and imaging may create
new and reproducible treatment options with low procedural mortality for this challenging disease entity.
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Introduction

Themitral valve (MV) annulus is a saddle-shaped fibrous struc-
ture prone to calcific degeneration. Mitral annular calcification
(MAC) has been described as a chronic degenerative process
localized to this fibrous tissue resulting in calcium deposition
especially favoring the posterior annulus [1]. There is emerging
evidence that the degenerative process is in fact active and
metabolically regulated related not only to hemodynamic stress,
but also inflammation, lipid, bone, and mineral metabolism [2],
with evidence of active calcification with increased (18)F-
fluorodeoxyglucose activity on positron emission tomography

[3]. As the calcium deposits progress, MAC can be visualized
by echocardiography, x-ray, and computed tomography (CT).

The prevalence of MAC is not only related to the age and
demographics of the described population but also imaging
modality used and ranges between 5 and 42% [2]. In the
Multi-Ethnic Study of Atherosclerosis of 6,814 patients with-
out cardiovascular disease at baseline, MACwas found by CT
in 9% of patients and associated with age, female gender,
BMI, diabetes, and current smoking and notably not associated
with lipids or CRP—although their relationship may have been
influenced by the higher prevalence of lipid lowering meds in
patients with MAC [4]. In the Heart and Soul Study of 1,020
ambulatory patients with coronary artery disease, the preva-
lence of MAC was 19%. Patients with MAC were more likely
to have inducible ischemia and cardiovascular events [5].

There is a clear association betweenMAC andMV disease,
arrhythmias, and cardiovascular events. MAC is strongly as-
sociated with atrial fibrillation (AF) in part due to left atrial
enlargement. Conduction abnormalities are common and not
only include AF, but also atrioventricular block and bundle
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branch block. Patients with CKD are at risk for MAC due to
tissue deposition of calcium from excess calcium-phosphorus
product. MAC is also associated with congenital conditions
such as Marfan’s syndrome and Hurler’s syndrome [1, 2].
MAC has also been associated with atherosclerosis [6],
and patients with progression of MAC and/or aortic
valve calcifications were more likely to develop heart
failure in follow-up [7].

Mitral Annular Calcification
with Nonrheumatic Mitral Stenosis

In patients with MAC diagnosed by transthoracic echocardi-
ography (TTE), concomitant MS is uncommon, with severe
MS being reported in only 0.2% of patients and 2.5% of pa-
tients greater than 90 years old [4, 8]. The pathophysiology is
thought to be annular calcification extending into the mitral
leaflets resulting impaired mobility and geometric distortion.
Percutaneous mitral balloon valvotomy (PMBV) can be
attempted in patients with a history of rheumatic MS and a
lowWilkin’s score, but recently updated American College of
Cardiology and American Heart Association (ACC/AHA)
guidelines otherwise offer minimal guidance on this challeng-
ing patient population with MAC and calcific degenerative
nonrheumatic MS [9].

Significance of Combined Disease

Patients with MAC and MS are at high risk for mortality. In a
recently published TTE cohort of 1,004 patients with severe
MAC and nonrheumatic MS with a mean mitral gradient
(MMG) ≥2 mmHg, survival was <50% at 5 years despite only
8% of the cohort having MMG ≥9 mmHg with mortality
driven by comorbid diseases such as older age, AF, renal
insufficiency, mitral regurgitation, and non-mitral valvular
disease [10]. In a separate cohort of 143 patients with severe
MS and severe MAC with a mean age of 72.7 years, 59% of
whom had valves suitable for and underwent PMBV, mortal-
ity at follow-up of the overall cohort was nonetheless 31%. Of
patients who underwent mitral valve replacement (MVR),
30% had died with median time to death of 358 days after
surgery. Patients who either had PMBV or periodic monitor-
ing faired just as poorly with the same proportion deceased
within 327 days from the first echocardiogram [11].

Noninvasive Treatment Options

Medical treatment options are limited. Heart rate control to
minimize MV gradients is recommended, along with
anticoagulation if otherwise indicated (e.g., patients with
AF, left atrial clot, and/or history of stroke). Treatment of
comorbidities may have some effect at delaying the

progression of MAC, but the level of evidence is weak. In
patients with osteoporosis, the use of bisphosphonates,
denosumab, osteoprotegerin, and teriparatide may decrease
valve calcification. In patients with CKD, the use of phosphate
binders, vitamin D receptor agonists, calcimimetics, vitamin
K, and sodium thiosulfate might also slow the progression of
valve calcification [12]. Of particular interest is cinacalcet—a
calcimimetic and treatment for secondary hyperparathyroid-
ism in end-stage renal disease—which when added to vitamin
D in a randomized trial did attenuate the progression of
Agatston CAC scores in the aorta, aortic valve, and MV from
baseline to 52 weeks (+24% versus +31%) as compared to
vitamin D alone [13]. Atorvastatin has been studied in patients
with calcific aortic valve disease, and despite reductions in
low-density lipoprotein cholesterol, aortic jet velocities and
valvular calcification were similar between groups [14].
Endothelin receptor-A has been shown to be upregulated in
stenotic valves and calcified aortas, and endothelin receptor
antagonists have been shown to reduce vascular calcification
and inflammation, smooth muscle cell differentiation, and cal-
cification in animal models [15–17]. As endothelin receptor
antagonists are relatively well tolerated and an approved oral
therapy for patients with pulmonary arterial hypertension, this
pathway could hold therapeutic potential.

Mitral Annular Calcification
and Preprocedural Imaging

MAC is readily detected by screening TTE best visualized on
short axis of the MV and can be characterized as involving
part of the posterior annulus, the entire posterior annulus, or
circumferential involving the anterior annulus as well.
However, the density and volume of MAC and its extension
into the myocardium and other surrounding tissue can be dif-
ficult to appreciate by echocardiography. While transesopha-
geal echocardiography (TEE) may offer a higher resolution
and improved delineation of the mitral annulus and leaflets,
cardiac CT with contrast has emerged as an essential imaging
modality for MAC and can not only qualify but quantify the
density, severity, and extension ofMAC and its relationship to
other cardiac structures. It can furthermore detect caseous cal-
cification of the MAC which has surgical implications [18].
Staging of MAC severity has been proposed as illustrated in
Figure 1 but lacks overall consensus [18, 19], with one recent
trial of a novel transcatheter mitral valve replacement
(TMVR) using CT volumetric quantification of MAC as a
cutoff to determine severity [20••].

Imaging of Concomitant Valve Disease

In patients with MAC, imaging of concomitant valve
disease—either MS or MR—can be challenging. Careful
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interrogation for valvular disease including evaluating for
thickened calcified leaflets, presence and severity of MS,
and presence and severity of MR is necessary to determine
whether patients have significant MV disease that can explain
severe symptoms and indicate a potentially high-risk surgical
or transcatheter intervention. Moreover, imaging could deter-
mine which interventions are feasible and used to guide the
operators during intervention. For patients with or calcific
MS, MV gradients by continuous wave Doppler are easily
obtained but are influenced by heart rate and MR. MV area
by continuity equation is recommended over pressure half
time to determine severity of MS but can also be influenced
by regurgi tant aor t ic and mit ra l valves [9 , 18] .
Characterization of the MV leaflets assessing for extent of
calcification and leaflet thickening could help with determina-
tion of MS severity, and the use of TEE and 3-dimensional

(3D) planimetry of the MV can be helpful (Figure 2). When
noninvasive imaging is insufficient, invasive hemodynamic
assessment could be performed with direct measurement of
simultaneous left atrial and left ventricular (LV) pressure. For
patients with MAC and MS, assessing for rheumatic features,
leaflet thickening, restriction, calcification, and subvalvular
calcification helps with procedural planning. Finally, careful
assessment for MR may require TEE imaging as annular cal-
cium could shadow Doppler signals in and underappreciate
MR with TTE imaging.

Preprocedural Planning

In patients being considered for surgery, the extent of leaflet
calcification can determine whether MV repair is feasible usu-
ally for MAC with MR. The extension of MAC into the

Figure 1. Proposed grading of
mitral annular calcification.
Short-axis parasternal
transthoracic echocardiography
images (left panels) and CT
angiography images (right panels)
show mild mitral annular
calcification (arrow) with
scattered calcification <180°
(top), moderate mitral annular
calcification with dense
continuous calcification (arrow)
<270° (middle), and severe mitral
annular calcification with
circumferential (arrow) >270°
dense calcification (bottom)
(reproduced from: Eleid MF et al.
JACC Cardiovasc Imaging. 2016
Nov;9(11):1318-1337. 10.1016/
j.jcmg.2016.09.001, with
permission from Elsevier) [18].
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myocardium and other surrounding tissue or vertically
towards the AV may determine the amount of MAC
debulking necessary, and whether patch repair and re-
construction of the posterior annulus is necessary. For
patients who are at intermediate risk for surgery with
unrepairable leaflets, the amount and location of MAC
and determining the aorto-mitral relationship determine
the feasibility mainly to avoid left ventricular outflow
tract (LVOT) obstruction of a valve-in-MAC interven-
tion with a transcatheter balloon-expandable valve orig-
inally designed for the aortic valve (ViMAC) or for a
novel TMVR therapy. Finally, septal shape and pres-
ence of thickening can be described to determine wheth-
er alcohol septal ablation (ASA) or other related proce-
dures might help prevent LVOT obstruction.

CT can further help guide eligibility for ViMAC tak-
ing into account CT-derived mitral annulus area, mean
diameter, aorto-mitral angulation, and annulus-to-apex
distance [21]. CT has also been used to develop novel
risk scores such as to predict risk of valve embolization
in ViMAC, using average calcium thickness, degrees of
annulus circumference involved, calcification at one or
both fibrous trigones, and calcification of one or both
leaflets to predict valve embolization. Higher scores are
associated with less embolization and/or migration with
MAC scores ≤6 associated with a 5.86 (95% CI 1 to
34.3) odds ratio for embolization on multivariate analy-
sis [22]. Cardiac CT is a requisite for preprocedural
planning, while TEE imaging continues to guide most
surgical and structural heart interventions [18, 23, 24].

Treatment Guidelines

Rheumatic MS

Severity and indication for intervention in patients with rheu-
matic MS is predicated on mitral valve area (MVA) and pa-
tient symptoms. Progressive MS or stage B is defined as
planimetered MVA >1.5 cm2 without symptoms.
Asymptomatic severe MS or stage C is defined as
planimetered MVA ≤1.5 cm2 supported by diastolic pressure
half time ≥150mswith severe enlargement of the LA or PASP
>50 mmHg without symptoms. Finally, symptomatic severe
MS or stage D meets the same hemodynamic criteria as stage
C but also with presence of patient symptoms. In patients with
severe symptomaticMSwith favorable valve morphology and
less than moderate MR, PMBV is recommended, with MV
surgery as an alternative. In asymptomatic severe MS with
pulmonary artery systolic pressures >50 mmHg, PMBV is
recommended as well [9]. Patients with MAC but also a his-
tory of rheumatic MS with favorable morphology can still be
considered for PMBV although outcome data for PMBV for
rheumatic MS in MAC is scarce.

Nonrheumatic Calcific MS

In patients with nonrheumatic calcific MS, the leaflets are
usually affected with no commissural fusion, and there is no
role for PMBV. The prognosis of this patient population is
poor, and the usual echocardiographic methods for determin-
ing severity of stenosis are prone to error. Intervention wheth-
er by surgery or by a transcatheter approach is reserved for the
highly symptomatic patient refractory to diuresis and heart
rate control [9]. A proposed diagnostic and therapeutic
workflow is illustrated in Figure 3. Potential treatment options
in patients with indicated mitral intervention for MAC and
severe symptomatic nonrheumatic MS are explored in
Table 1.

Mitral Valve Surgery in Patients with Mitral
Annular Calcium

Surgical mitral valve repair or replacement can be challenging
with severe MAC as the standard approach requires increased
operating time for extensive decalcification and reconstruction
of the mitral annulus to allow a well-seated prosthesis, mini-
mize periprosthetic leak, and minimize stroke risk. In this
approach, the annulus is first decalcified which may weaken
the annulus and potentially lead to catastrophic AV groove
disruption and circumflex injury. After decalcification a con-
tinuous or figure-of-8 suture is used to close the annular de-
fect. In some cases of extensive decalcification, the annulus
would need to be reconstructed either with an atrial muscle

Figure 2. Three-dimensional transesophageal echocardiogram surgeon’s
view of the mitral valve with the aorta at the top (asterisk) during diastole
demonstrating severe mitral stenosis and severe mitral annular calcium
around >270° of the mitral valve (arrows).
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flap, bovine pericardium, or, when repair is not possible, the
anterior mitral leaflet.

Avoiding Decalcification

Alternatively, techniques have been described to avoid decal-
cification ofMAC by suturing through and otherwise working

around the MAC [25] and other intra-annular implantation
techniques prone to significant downsizing of the valve, with
intra-atrial implantation of valves (prone to paravalvular leak),
or hybrid approaches most suitable for large annuluses
[26–28]. A novel avoidance strategy is to bypass the valve
altogether with a left atrium to LV apex graft conduit. In this
approach, a 23-mm mechanical aortic-valved conduit is used

Table 1. Potential treatment options in patients with indicated mitral intervention for mitral annular calcification and severe symptomatic non-
rheumatic mitral stenosis

Low-intermediate surgical risk Intermediate-high surgical risk High-prohibitive surgical risk

Moderate
MAC

Minimal leaflet calcification: surgical MV repair
Significant leaflet calcification: surgical MV replacement after decalcification and reconstruction

Medical therapy, novel
TMVR ± ASA/anterior
leaflet resection

Severe
MAC

Favorable aorto-mitral relationship:
surgical transatrial TMVR

Unfavorable aorto-mitral relationship:
surgical MV replacement consider
intra-atrial or bypass techniques

Favorable aorto-mitral relationship: ViMAC or novel
TMVR

Unfavorable aorto-mitral relationship: surgical
transatrial TMVRwith anterior leaflet resection ± septal
myomectomy or consider LA-LV graft conduit or other
bypass techniques

Medical therapy, ViMAC or
novel TMVR ±
ASA/anterior leaflet
resection

Abbreviations:MVmitral valve, TMVR transcatheter mitral valve replacement, ViMAC valve-in-mitral annular calcium with balloon-expandable valves
originally designed for the aortic valve, LA left atrium, LV left ventricle

Figure 3. How to manage
stenosis due to mitral annular
calcification. Abbreviations:
PMBV, percutaneous mitral
balloon valvotomy; ACC,
American College of Cardiology;
AHA, American Heart
Association; MS, mitral stenosis;
MVA, mitral valve area; TEE,
transesophageal echocardiogram;
3D, 3-dimensional; MAC, mitral
annular calcification; CT,
computed tomography; CKD,
chronic kidney disease; ERA,
endothelin receptor antagonist;
PAH, pulmonary artery
hypertension.
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with the valve portion excised, rotated, and implanted into the
LV apex. The conduit is implanted one end onto the left atrial
appendage, and the other end onto the valve [29]. This tech-
nique is reserved for patients with mild-or-less MR, and more
data is needed to determine its safety and efficacy.

While MAC can represent a challenge for surgery, appro-
priate patient selection could still result in favorable outcomes.
In a recent cohort of 64 patients with MAC without leaflet
calcification undergoing endoscopic robotic MV repair (84%
for Barlow’s disease), MAC was excised and AV groove re-
construction with 19/64 requiring patch repair. 30-day mortal-
ity was a favorable 3.1% [30]. Albeit such decalcification and
valve repair is mostly reserved for patients with MAC and
MR, nonetheless evaluation by a surgeon with experience
operating on patients with MAC is an essential component
of determining the appropriate therapy for this high-risk
MAC and MS cohort.

Early Transcatheter Mitral Valve Replacement
Experience for Valve-in-Mitral Annular
Calcification

Transcatheter therapies for valvular disease in patients with
significant MAC is a rapidly developing field. Patients with
severe MR and MAC with relative sparing of mitral leaflets
could have durable results with percutaneous mitral valve re-
pair [19], with appropriate patient selection [31]. MAC can
also be used as an anchor for bioprosthetic valves crimped and
mounted on the ends of catheters. These valves can be deliv-
ered by a surgeon via a transatrial approach, by an interven-
tional cardiologist via a transseptal approach, or in joint fash-
ion via a transapical approach. In patients with MAC and MS,
balloon-expandable transcatheter valves designed for the aor-
tic valve can be implanted in the MVwith MAC serving as an
anchor. The major limitation of this approach is LVOT ob-
struction from the ventricular edge of the implanted valve
overhanging into the LVOT—an anterior structure—and
pushing the native anterior MV leaflet into that space. Other
major concerns are the potential for valve embolization based
on the degree and distribution of leaflet and annular calcifica-
tion necessary for valve anchoring and paravalvular leak due
to the appropriation of a circular valve for the D-shaped MV
annulus. Major advances have been made for the latter con-
cerns with appropriate oversizing of implanted valves, and
with newer generation valves with outer skirts allowing for
tighter seals [32]. However, LVOT obstruction remains a ma-
jor limitation of the therapy.

Early experience from a multicenter valve-in-mitral annu-
lar calcification (ViMAC) registry of 116 patients with a mean
age of 73 and mean STS score of 15.3% demonstrated fair
technical success of 76.7% but a high incidence, 11.2%, of
LVOT obstruction with hemodynamic compromise. Thirty-

day and 1-year mortalities were 25% and 53%, respectively
[33•]. In the 13 patients with LVOT obstruction with hemo-
dynamic compromise, only 4/13 survived to hospital dis-
charge, and only 2/13 were alive at 1-year follow-up. An
analysis of a larger STS/ACC transcatheter valve therapy reg-
istry of 100 ViMAC cases demonstrated similar findings of
30-day mortality of 21.8% and 10% LVOT obstruction with
hemodynamic compromise [34]. An example of transcatheter
ViMAC is illustrated in Figure 4.

Left Ventricular Outflow Tract Obstruction

An analysis of a TMVR registry of 521 patients undergoing
TMVR for valve-in-valve, valve-in-ring, and ViMAC demon-
strated adequate overall technical success of 87.1%. In the 58
patients who underwent ViMAC procedures, however techni-
cal success was only 62.1%, with higher 30-day and 1-year
mortalities of 34.5% and 62.8%, respectively. LVOT obstruc-
tion occurred in 37/521 patients (7.1%) but 23/58 (39.7%) of
patients who underwent ViMAC procedures. LVOT obstruc-
tion on univariate analysis was associated with mortality with
a hazard ratio of 2.87 (95% CI 1.66–4.96) [35]. A subsequent
analysis of the registry including 194 patients who underwent
preprocedural CT planning showed a 13.4% incidence of
LVOT obstruction again with a predilection for patients un-
dergoing ViMAC procedures (37 patients, 54.1%). Patients
with LVOT obstruction had a 34.6% procedural mortality
compared with 2.4% for patients without obstruction.

Figure 4. Fluoroscopy of transcatheter mitral valve in mitral annular
calcification (arrows) RAO view with left ventriculography
demonstrating during cardiac systole no perivalvular leak and the
potential interaction of the ventricular edge of the valve stent with the
left ventricular outflow tract (asterisk).
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Importantly the authors found a neo-LVOT area cutoff of 170
mm2 to be highly predictive of LVOT obstruction and that
preprocedural CT estimated neo-LVOT area had strong cor-
relation with post-implant CT measured neo-LVOT area
(r=0.83). Distance between mitral annulus and interventricu-
lar septum was predictive as well. Both were more predictive
of LVOT obstruction than aorto-mitral angle [36] and illus-
trate the importance of CT in both preprocedural planning and
patient selection.

Evolving Approaches to Mitral Annular
Calcification and Novel Valves

Strategies are being developed to avoid or rescue LVOT ob-
struction caused by ViMAC. A direct transatrial transcatheter
approach has been developed with a median sternotomy or
right thoracotomy approach, followed by cardiopulmonary
bypass, exposure of the left atrium, and resection of the ante-
rior MV leaflet to avoid LVOT obstruction. Surgical septal
myomectomy can be performed as well. A balloon-
expandable valve is delivered with TEE and fluoroscopic
guidance across the MV and deployed. Pledgeted sutures
can first be placed and later used to anchor the sealing skirt
of the implanted valve to prevent valve embolization and min-
imize paravalvular leak with the larger published experiences
of 8 and 26 patients associated with 100% technical success,
and 30-day mortality of 0% and 27%, respectively [37, 38•,
39, 40]. Only 1 patient had significant LVOT obstruction.
This strategy is being studied prospectively in a single-arm
SITRAL trial [41].

Transcatheter Approach to Avoid LVOT Obstruction

Fully transcatheter approaches are being developed as well.
Operators have developed a technique to intentionally lacerate
the anterior MV leaflet to prevent LVOT obstruction using
catheters placed in the left atrium and LV to puncture the
anterior leaflet and lacerate it with electrocautery in a fully
transcatheter manner. Early experience of this technique—
abbreviated LAMPOON—on 30 patients achieved midline
laceration of the anterior leaflet in 100% of patients and 30-
day survival of 93%. This technique can be performed ahead
of valve-in-ring and for ViMAC implants and is being studied
in a prospective single-arm trial [42]. An alternative strategy is
alcohol septal ablation (ASA) as a bail-out option for patients
with LVOT obstruction from a thick basal septum during
TMVR. In patients at high risk of LVOT obstruction as pre-
dicted by preprocedural planning CT, 30 patients underwent
pre-emptive ASA. Median increase in neo-LVOT area was
111.2 mm2 with the maneuver. Two patients died before
TMVR, and overall mortality at 30 days was 10% [43]. An
alternative investigational approach in patients where anterior

laceration of the MV leaflet is not feasible or coronary anato-
my is not favorable for ASA is percutaneous cardiac ablation
of a thickened basal septumwith 3D electroanatomic mapping
and guidance to avoid ablation of conduction tissue [44].

The MITRAL II trial will incorporate some of the above
techniques in a prospective nonrandomized multicenter trial
of transseptal ViMAC in 200 patients with severe MAC and
symptomatic MV disease [45]. The results of the SITRAL,
LAMPOON, and MITRAL II trials will help determine the
reproducibility and optimal approach for using balloon-
expandable valves originally designed for the aortic valve
for native mitral disease in patients with severe MAC.

Novel Technologies and Valves

Ongoing technological advances may create new options for
patients withMAC. As an example, in patients withMAC and
MR, NeoChord (NeoChord, Louis Park, MN) has been used
successfully in 13 patients avoiding the mitral annulus alto-
gether, although recurrent moderate or more MR appeared
more prevalent in patients with MAC than patients with other
pathologies [46]. The Tendyne transcatheter bioprosthetic
valve (Abbott Structural, Santa Clara, CA) is a trileaflet por-
cine pericardial valve within a 2 self-expanding nitinol frames
contoured to fit the mitral annulus without need for significant
oversizing. The prothesis is secured by a tether to an epicardial
pad at the LV apex. The placement is done via a left lateral
thoracotomy without cardiopulmonary bypass via a
transapical approach through the LV apex. In a recent experi-
ence in treatment of MR in the setting of severe MAC—
defined as myocardial invasion or total volume by CT ≥750
mm3—9 patients were implanted with no deaths. LVOT ob-
struction occurred in 1 patient due to malrotation of the pros-
thesis and was rescued with ASA [20••]. A second valve de-
signed for the mitral position with a MAC trial arm is the
Intrepid valve (Medtronic, Minneapolis, MN) [47]. While
both trials are for treatment of MR not MS, they may be
appropriated for treatment of MS in MAC in the future.

Conclusion

MAC with mitral stenosis remains a challenging disease.
Advances in technique, technology, and imaging may create
new and reproducible treatment options with low procedural
mortality for this challenging disease entity.
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