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ABSTRACT

Objective: Mitral valve replacement (MVR) in the setting of severe mitral annular
calcification is a technically challenging operation with increased morbidity and
mortality. Transseptal/apical transcatheter MVR (TMVR) in mitral annular calcifica-
tion has emerged as an option for these cases, although may not be feasible due to
anatomical reasons. Transatrial TMVR is a potential treatment option for this
subgroup of patients.

Methods: Patients who underwent transatrial TMVR between June 2018 and
November 2020 at a single institution were included. Patients were selected by a
structural heart team based on their surgical risk, pattern of mitral annular calcifi-
cation, risk of valve migration, left ventricular outflow obstruction, and paravalvular
leak.

Results: A total of 11 patients underwent transatrial TMVR. Mean patient age was
74.2 years and mean Society of Thoracic Surgeons predicted risk of mortality score
was 9.1%. All patients had the presence of both mitral stenosis and regurgitation—
dominant etiology—was mitral stenosis in 81.2%, and mitral regurgitation in 18.8%.
Among patients, 54.5% had a concomitant cardiac procedure. There was no
in-hospital or 30-day mortality. Technical success defined by the Mitral Valve
Academic Research Consortium was achieved in 90.9% of patients. Postoperative
paravalvular leak was mild or less in all patients.

Conclusions: In this series, transatrial TMVR was shown to be a safe and effective
treatment option for patients who are high risk for surgical MVR and should be in
surgeons’ armamentarium in the treatment of this high-risk patient population.
Dissemination of safe technique will be critical in the successful conduct of this
surgery. (JTCVS Techniques 2021;9:49-56)
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Transatrial mitral valve replacement in a patient
with mitral annular calcification.
h

CENTRAL MESSAGE

Transatrial transcatheter mitral
valve replacement can be per-
formed safely with favorable
short-term outcomes in high-
surgical-risk patients with severe
mitral annular calcification.
PERSPECTIVE
Mitral valve replacement in patients with mitral
annular calcification is a challenging operation
with high morbidity and mortality. For patients
who are not candidates for other minimally inva-
sive techniques, transatrial transcatheter mitral
valve replacement can be a safe and effective
treatment option. Dissemination of this tech-
nique will be an important next step in the care
of these patients.

See Commentary on page 57.
Video clip is available online.

Mitral valve replacement (MVR) in the setting of severe
mitral annular calcification (MAC) is among the most chal-
lenging surgeries faced by cardiac surgeons. The presence
of extensive calcium deposits in the mitral annulus compli-
cates the surgery by potential injury to surrounding struc-
tures during debridement, impediment of suture
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Abbreviations and Acronyms
CT ¼ computed tomography
EOA ¼ effective orifice area
LVOT ¼ left ventricular outflow tract
MAC ¼ mitral annular calcification
MVR ¼ mitral valve replacement
PVL ¼ paravalvular leak
TAVR ¼ transcatheter aortic valve replacement
THV ¼ transcatheter heart valve
TMVR ¼ transcatheter mitral valve replacement
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placement through the calcium, and a suboptimal size of
prosthesis placed inside the MAC. To treat these problems,
various surgical strategies, including segmental decalcifica-
tion,1 en bloc decalcification along with suture or patch
reconstruction of the annulus,2,3 atrial sliding plasty, and
anterior leaflet transposition4 have been previously
described. These techniques are effective and feasible, but
they necessitate extended cardiopulmonary bypass and
aortic crossclamp times, which adversely affect clinical out-
comes. Moreover, these maneuvers may be associated with
increased risk for devastating complications, including
atrioventricular dissociation, injury to the circumflex coro-
nary artery, and disturbances of the conduction system.

Transcatheter aortic valve replacement (TAVR) was
approved by the Food and Drug Administration for low-
surgical-risk patients with severe aortic stenosis in August
2019.5 Balloon-expandable TAVR valves including the
Sapien 3 Balloon-Expandable Transcatheter Heart Valve
System (Edwards Lifesciences, Irvine, Calif), adhere to
the calcium inside the aortic annulus for stability. Using
this concept, transcatheter MVR (TMVR) has been intro-
duced as a new treatment option to address mitral valve dis-
ease with MAC.6-8 The primary access route for TMVR in
MAC in the early series has been transapical or transseptal.
However, not all patients are eligible for these access routes
for various reasons, including unfavorable distribution of
MAC, high risk for left ventricular outflow tract (LVOT)
obstruction, and need for concomitant surgical
interventions. Transatrial TMVR with the Sapien 3 valve
has emerged as an alternative solution in these difficult
situations.9-14 Unlike the other percutaneous transcatheter
approaches, this technique carries the risks of an open
procedure, but allows the surgeon to size the valve,
deploy the prosthesis under direct visualization, prevent
valve migration by placing anchoring sutures, reduce
paravalvular leak (PVL) with a felt-reinforced valve skirt,
and mitigate potential LVOT obstruction by excising the
anterior mitral leaflet.

The aim of this study is to show that, with careful patient
selection, these unique features of transatrial TMVR
contribute to improved clinical outcomes in patients at
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high surgical risk who are not eligible for other, less-
invasive approaches. We present the results of our single-
center experience in 11 consecutive transatrial TMVR cases
in patients with severe MAC.
METHODS
Between June 2018 and November 2020, patients referred for the treat-

ment of MAC associated with symptomatic severe mitral stenosis, regurgi-

tation, or mixed mitral valve disease were assessed by the structural heart

team and evaluated for TMVR via transseptal, transapical, or transatrial ap-

proaches.We had a total of 104mitral consults in our structural heart clinic.

Of those, 18 were candidates for TMVR and were screened for a transatrial

approach due to MAC: 8 patients underwent transatrial TMVR, 5 under-

went transseptal TMVR, and the remaining 5 opted out of a TMVR

approach or are still pending workup. The remaining 3 patients in our

case series came from direct admission to the hospital or an outside hospital

transfer. Patients were assessed for their candidacy for the transatrial

approach primarily based on their ability towithstand open cardiac surgery.

Patients with any severe organ failure, except end-stage renal disease, were

not eligible for the transatrial approach. Patients whowere determined to be

frail, as defined as a score of 3 to 5 on the Johns Hopkins Frailty Assess-

ment,15 were also not eligible for transatrial TMVR. Circumferential

MAC did not preclude patients from the transatrial approach in the case

that a patient was a surgical candidate. Patients who were not surgical can-

didates with circumferential MAC and low-risk of LVOT obstruction were

preferentially treated with the transseptal approach: we performed 5 trans-

septal TMVRs during this time period. All 11 patients who underwent

transatrial TMVR during this period were included in this study. Emer-

gency or salvage cases were excluded. In selective cases, preoperative car-

diac computed tomography (CT) scans were obtained to analyze the

distribution and burden of MAC as well as the mitral annular area. Valve

areas up to 1000 mm2 were considered. In addition, predicted neo-LVOT

area was calculated with a simulated transcatheter heart valve in accor-

dancewith commercially available imaging software (Vitrea; Vital Images,

Minnetonka,Minn) in selected patients. The pattern ofMAC and additional

criteria, including high risk of valve migration, LVOT obstruction, and

PVL, were considered before patient selection. All cases were performed

by a single cardiac surgeon at a single institution. The final decision to pro-

ceed with transatrial TMVR was made after the mitral valve was directly

visualized during surgery. This study was approved by the institutional re-

view board (No. 2010P000292; December 11, 2019) and complied with all

national and institutional regulations for human subjects research.

Surgical Technique
The mitral valve was approached via median sternotomy or minimally

invasive anterior right thoracotomy depending on patient body habitus and

need for concomitant surgery. We cannulated centrally for median sternot-

omy or peripherally through the right femoral artery and vein for the right

thoracotomy approach. After initiation of cardiopulmonary bypass, the

ascending aorta was crossclamped and cardiac arrest was achieved. The

mitral valve was exposed via left atriotomy through Sondergaard’s groove.

The anterior leaflet was resected along the annulus (Figure 1, A). The sub-

valvular tissue, chordae, and papillary muscles were resected when neces-

sary to accommodate the fully expanded valve. Pledgeted 2-0 Ethibond

(Johnson & Johnson, Franklin Lakes, NJ) annular sutures were placed in

noneverting mattress fashion. At least 3 annular sutures were placed, 1 at

each trigone and 1 in the middle of the posterior annulus, even when the

annulus was extensively calcified (Figure 1, B). In patients with a large

valve area, the rim of the anterior leaflet was left intact and circumferential

sutures were placed. For an annulus that had incomplete MAC, the loca-

tions with no MAC were reinforced with these annular sutures. These su-

tures served to anchor the prosthesis in place. Minimal attempts were



FIGURE 1. Intraoperative images of transatrial mitral valve replacement (TMVR). For high- or prohibitive-surgical risk patients with mitral annular calci-

fication (MAC), a transatrial TMVR can be a safe and effective treatment option. This figure shows 6 distinct intraoperative steps for the successful execution

of this procedure. After exposing the mitral valve, the anterior leaflet of the valve is excised to reduce the risk of left ventricular outflow tract (LVOT) obstruc-

tion (A). Next, annular sutures are placed, avoiding MAC when possible (B). Next the Sapien 3 valve (Edwards Lifesciences, Irvine, Calif) is prepped on the

back table, first by reinforcing the valve skirt with a polytetrafluoroethylene felt strip (C) and then loading the valve on the delivery system with the skirt

toward the handle (D). Finally, under direct visualization, the surgeon deploys the valve (E) and secures it in place by tying down the previously placed annular

sutures (F). This technique allows the surgeon to address LVOTobstruction, paravalvular leak, and concomitant procedures at the time ofMVR for these high-

risk patients.
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made to debride the calcium to avoid any potential injury to surrounding

structures such as the circumflex coronary artery or conduction system.

The Sapien 3 valve was prepared on a back table. The size of the valve

was measured on preoperative CT scan if available and confirmed with

balloon sizing under direct visualization before deployment. After the

valve was opened, a felt strip was wrapped around the valve cuff and

sewn with 4–0 Prolene mattress sutures to reinforce the sealing ability

against the calcified annulus (Figure 1, C).

The valve was crimped and loaded onto the balloon delivery system

(Certitude; Edwards Lifesciences) on the back table after confirmation of

valve size (Figure 1, D). It is important to note that the valve is mounted

on the delivery system with the skirt toward the handle, opposite the direc-

tion in which it would be loaded for TAVR. A standard J-wire was inserted

into the left ventricle under direct visualization. The use of a soft guidewire

was necessary to avoid injury to the chordae, papillary muscles, or left ven-

tricular apex. The delivery system was advanced over the wire and brought

into the mitral annulus where the sealing cuff was aligned with the mitral

annular plane. The valve was deployed under slow inflation with direct

visualization (Figure 1, E). After deployment of the valve, the previously

placed 2–0 Ethibond sutures were placed through the valve cuff and tied
down (Figure 1, F). In cases where TAVR had previously been performed,

cautionwas taken to position the valves in such a way that the stents of the 2

valves would not interfere with each other.

The left ventricle was filled with normal saline and pressurized to inter-

rogate the stability of the valve and ensure the absence of PVL. Extra annular

sutures were added through the atrial tissue if PVL was detected. The left

atrium was closed with 3–0 Prolene double running sutures. The patient

was then separated from cardiopulmonary bypass. At this point, transesopha-

geal echocardiogram was performed to confirm satisfactory valve posi-

tioning, measure valve gradients, and verify the absence of PVL and

LVOT obstruction. After standard de-airing maneuvers, all cannulas were

removed. Hemostasis was achieved, and the chest was closed in the standard

fashion. Intraoperative images are presented in Figure 1,A throughF, and the

step-by-step sequence for delivering a Sapien 3 valve in Figure 2. A video

summary of the intraoperative steps is presented in Video 1.

All patients were transferred to the cardiac intensive care unit postoper-

atively. All were successfully discharged either home or to a rehabilitation

facility after recovery. Lifelong aspirin 81 milligrams and a minimum of

3 months of warfarin with a target international normalized ratio of 2.0

to 3.0 were continued unless bleeding complications were observed. An
JTCVS Techniques c Volume 9, Number C 51



Valve size predetermination (CT)

On-site valve size confirmation

Mitral valve leaflet resection
(Anterior ± Posterior)

Annular sutures
(2-0 pledgeted Ethibond)

THV deployment

Place annular sutures through THV
skirt and secure with Cor-Knots

Inspect PVL with saline test

THV cuff reinforcement with PTFE felt
strip (4-0 Prolene sutures)

Crimp and load THV

CT = computed tomography; THV = transcatheter heart valve; PTFE = polytetrafluoroethylene

FIGURE 2. Step-by-step sequence for deploying Sapien 3 valve (Edwards Lifesciences, Irvine, Calif). Shown is the step-by-step sequence for deploying a

Sapien 3 valve during transatrial transcatheter mitral valve replacement. The valve size will be predetermined based on preoperative computed tomography

(CT). Once intraoperative, the valve size should be confirmed. Either simultaneously or in succession, the mitral valve leaflet can be resected and 2–0 pledg-

eted Ethibond (Johnson& Johnson, Franklin Lakes, NJ) sutures can be placed around the annulus. At the same time on the back table, the transcatheter heart

valve (THV) should be reinforced with a polytetrafluoroethylene (PTFE) felt strip using 4–0 Prolene sutures. The THV can then be crimped and loaded onto

the delivery system. Now that the annular sutures are in place and the THV is prepared, the THV should be deployed and the annular sutures should be

secured through the THV skirt and secured with Cor-Knots (Litigation Solutions Inc, Greenwood Village, Colo). Once all of the sutures have been secured,

the surgeon can inspect for paravalvular leak (PVL) using a saline test.
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echocardiogramwas typically performedwithin 30 days of surgery. Further

clinical and echocardiographic follow-up was scheduled 1 year after sur-

gery and yearly thereafter.
RESULTS
A total of 11 patients were included in this study. Mean

patient age was 74.3 years, 81.8% were women, and
mean Society of Thoracic Surgeons predicted risk of mor-
tality score was 9.06%. Among patients, 54.5% had prior
cardiac surgery, and 9.1% had previous mitral valve pro-
cedures. The majority of patients had multiple reasons for
being candidates for a transatrial approach with 81.8% of
patients having an incomplete MAC pattern, 45.5% of pa-
tients needing concomitant cardiac surgery, and 81.8% of
patients being at high-risk of LVOT obstruction. Preopera-
tively, 10 patients had a dedicated gated cardiac CT.Median
predicted neo-LVOT was 1.15 cm2 (interquartile range,
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0.81-1.6 cm2) and 9 patients had high-risk for LVOT
obstruction (defined as <1.5 cm2).16 Nine patients had
incomplete MAC in the anterior annulus. Patient baseline
characteristics are listed in Table 1.

A hybrid operating room was utilized for the first case;
however, radiograph visualization of the MAC was not
more accurate than direct visualization of the valve and sub-
sequent cases were performed in standard operating rooms.
Two patients underwent surgery via right thoracotomy and
9 patients underwent full median sternotomy. Patients who
underwent isolated transatrial TMVR or concomitant
tricuspid valve procedures were selected for the right thora-
cotomy approach, otherwise median sternotomy was used
to accommodate the other concomitant procedures. All re-
perative cases were performed via redo sternotomy based
on the surgeon’s experience. Five patients required concom-
itant cardiac surgery: 2 patients required septal myectomy, 1



VIDEO 1. Transatrial transcatheter mitral valve replacement (TMVR) in-

traoperative video. Shown is an operative video of the step-by-step

sequence of transatrial TMVR performed in this present study. The video

includes subtitles explaining each key step in this particular procedure.

Video available at: https://www.jtcvs.org/article/S2666-2507(21)00411-9/

fulltext.

TABLE 1. Baseline characteristics of patients undergoing transatrial

transcatheter mitral valve replacement (TMVR) in mitral annular

calcification (MAC) (N ¼ 11)

Characteristic Result

Age (y) 74.3 � 9.0

Female sex 9 (81.8)

BMI 34.2 � 10.5

DM 6 (54.5)

CKD 4 (36.4)

HTN 10 (90.9)

HLD 5 (45.5)

PAD 1 (9.1)

Previous TIA or CVA 3 (27.3)

CAD 2 (18.1)

Previous MI 1 (9.1)

Prior PCI 0 (0)

Afib 4 (36.4)

COPD 3 (27.3)

Baseline NYHA functional class 2.5 � 0.52

Ejection fraction 64.4 � 7.9

Prior TAVR 4 (36.4)

Prior mitral valve procedure 1 (9.1)

Severe MR 1 (9.1)

Severe MS 9 (81.8)

Mean MV gradient (mm Hg) 13.4 � 3.8

STS PROM 9.1 � 6.5

Reason for transatrial approach

Risk of LVOT obstruction 9 (81.8)

Incomplete MAC 9 (81.8)

Concomitant cardiac surgery 5 (45.5)

Values are presented as mean � standard deviation or n (%). BMI, Body mass index;

DM, diabetes mellitus; CKD, chronic kidney disease; HTN, hypertension; HLD,

hyperlipidemia; PAD, peripheral arterial disease; TIA, transient ischemic attack;

CVA, cerebrovascular accident; CAD, coronary artery disease;MI, myocardial infarc-

tion; PCI, percutaneous coronary intervention; Afib, atrial fibrillation;COPD, chronic

obstructive pulmonary disease; NYHA, New York Heart Association; TAVR, trans-

catheter aortic valve replacement; MR, mitral valve regurgitation; MS, mitral valve

stenosis; MV, mitral valve; STS PROM, Society of Thoracic Surgeons predicted

risk of mortality Score; LVOT, left ventricular outflow tract.
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required coronary artery bypass grafting, and 2 required
aortic valve replacement and tricuspid repair. On direct
visualization of the mitral valve intraoperatively, significant
MAC was located along the posterior annulus extending to
the anterior annulus in all patients, with 2 patients having
circumferential MAC. All 11 patients had the anterior
leaflet resected, regardless of predicted neo-LVOT. After
directly sizing the valve intraoperatively, the size of the im-
planted transcatheter heart valve (THV) was 29 mm in 7 pa-
tients and 26 mm in 4 patients. Technical success, defined
by the Mitral Valve Academic Research Consortium,17

was achieved in 10 out of 11 patients. The patient who
did not have technical success required a second valve-in-
valve THV to be deployed during the index operation.
This was due to the cuff being ventricular in the anterior
annulus secondary to poor visualization from the patient’s
previous TAVR. Operative details are shown in Table 2.

Postoperatively, there were no in-hospital or 30-day mor-
talities. A permanent pacemaker implantation was required
in 18.2% of patients for complete heart block. One patient
required an urgent reoperation on postoperative day 2 due to
LVOT obstruction and hemolytic anemia, which was suc-
cessfully treated by explanting the THV and performing a
surgical MVR with a 25 mm bioprosthetic valve. This
same patient had a complicated postoperative course and
experienced a stroke and had a new hemodialysis require-
ment. This patient survived, but was subsequently rehospi-
talized for heart failure exacerbation. Full postoperative
outcomes are summarized in Table 3.

All patients received an immediate postprocedure echo-
cardiogram, which showed none or trace PVL in 8 patients
and mild PVL in 3 patients. Mean gradient through the THV
was<5 mm Hg in 9 patients (81.8%) and 5 mm Hg in 2
patients (18.1%). LVOT obstruction, defined by peak
gradient >30 mm Hg, was observed in 2 patients
(18.1%). Among these, 1 had undergone previous TAVR
with a self-expandable THV (Evolut Pro; Medtronic, Min-
neapolis, Minn) whereas 1 other patient previously under-
went TAVR with a Sapien 3 and had baseline LVOT
obstruction at the time of preoperative assessment. For pa-
tients who received a 30-day echocardiogram after surgery,
PVL was none or trace. Echocardiographic findings are
summarized in Table 3.
JTCVS Techniques c Volume 9, Number C 53
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TABLE 3. Echocardiographic and postprocedural outcomes for

patients undergoing transatrial transcatheter mitral valve

replacement (TMVR) in mitral annular calcification (MAC) (N ¼ 11)

Outcome Result

30-day outcomes

In-hospital mortality 0 (0)

30-day mortality 0 (0)

Stroke 1 (9.1)

Cardiac surgery reoperation 1 (9.1)

Hemolytic anemia 1 (9.1)

Vascular access complication 1 (9.1)

Arrhythmia 7 (63.6)

Permanent pacemaker implantation 2 (18.2)

New hemodialysis requirement 1 (9.1)

Blood transfusion 3 (27.3)

ICU LOS (d) 10.6 � 20.6

Hospital LOS (d) 19.1 � 20.2

Postprocedure echocardiographic outcomes

Postoperative PVL

None or trace 8 (72.7)

Mild 3 (27.3)

Moderate or severe 0 (0)

Mean THV gradient<5 mm Hg 9 (81.2)

LVOT gradient S30 mm Hg 2 (18.2)

Values are presented as mean� standard deviation or n (%). ICU, Intensive care unit;

LOS, length of stay; PVL, paravalvular leak; THV, transcatheter heart valve; LVOT,

left ventricular outflow tract.

TABLE 2. Operative characteristics of patients undergoing

transatrial transcatheter mitral valve replacement (TMVR) in mitral

annular calcification (MAC) (N ¼ 11)

Characteristic Result

Approach

Full sternotomy 9 (81.8)

Right thoracotomy 2 (18.1)

Concomitant CABG 1 (9.1)

Concomitant septal myectomy 2 (18.2)

Concomitant AVR 2 (18.2)

CPB Time (min) 119.8 � 44.7

Crossclamp time (min) 86.2 � 34.6

THV*

Sapien 3 29 mm 7 (63.6)

Sapien 3 26 mm 4 (36.4)

Technical success defined by MVARC 10 (90.9)

Values are presented as mean� standard deviation or n (%). CABG, Coronary artery

bypass graft; AVR, aortic valve replacement; CPB, cardiopulmonary bypass; THV,

transcatheter heart valve; MVARC, mitral valve academic research consortium.

*Manufactured by Edwards Lifesciences, Irvine, Calif.
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DISCUSSION
Transatrial TMVR has been described in the literature,

but the present study demonstrates that despite patients
having high surgical risk profiles, this technique can be per-
formed safely and with excellent outcomes as demonstrated
by no significant postoperative PVL and no in-hospital or
30-day mortality in our patient cohort. The lack of mortality
is particularly important with the transatrial approach being
an open surgery, which increases the inherent risk of the
procedure but provides the surgeon with an opportunity to
address LVOT obstruction and concomitant surgery in the
same operation. Less-invasive approaches are ideal for
high-risk patients, but we believe transatrial TMVR bridges
the gap between conventional mitral valve surgery and
transcatheter procedures and serves a unique patient popu-
lation that is best served by this hybrid technique without
incurring a substantial increased mortality risk. Transatrial
TMVR is a safe and effective treatment option for patients
who are at high-risk for surgical MVR and should be in the
surgeon’s armamentarium in the treatment of this high-risk
patient population. Dissemination of safe technique will be
critical in the successful conduct of this surgery.

Thirty-day and in-hospital mortality for all TMVR cases
in MAC has been reported as high as 25% in previous
studies.8 Of the possible approaches, transapical is the
most common approach at more than 40% of cases, fol-
lowed by transseptal at more than 30%, and lastly transat-
rial at just under 20%.18 The transseptal approach has the
advantage of being a minimally invasive percutaneous pro-
cedure, and a transapical approach can avoid cardiopulmo-
nary bypass, whereas the transatrial approach is only
possible if the patient is a surgical candidate. The original
54 JTCVS Techniques c October 2021
study examining the transatrial TMVR approach in patients
with MAC had an in-hospital mortality of 19% and 30-day
mortality of 27%.9 In contrast, more recent studies have
demonstrated improvement in outcomes with 30-day mor-
tality rates of 12.5%19 and 0%.10 The 0% in-hospital and
30-day mortality in this study further supports that transat-
rial TMVR is a safe and effective treatment option for qual-
ifying patients. We believe that with careful patient
selection and thorough preoperative workup, the true peri-
operative mortality for transatrial TMVR is likely lower
than previously reported.

Patients withMAC undergoingMVR have been shown to
be independently associated with worse postoperative out-
comes, including reoperation, postoperative morbidity,
and operative mortality20 than patients without MAC.
MAC presents the cardiac surgeon with complex intraoper-
ative decision making because there currently is no univer-
sally accepted surgical approach. Options for dealing with
MAC during mitral valve surgery evolves around making
the decision to either resect or respect. Dense calcium de-
posits around the mitral annulus can be resected by cutting
into the endocardium, followed by annular reconstruction.
Removal of calcium allows for the implantation of a larger
prosthetic valve with better sealing against the annulus due
to better tissue compliance. However, this increases the
complexity of the surgery, the risk for atrioventricular
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groove dissociation, and potential injury to the circumflex
coronary artery. Alternatively, respecting MAC by leaving
calcium behind presents a challenge because placing su-
tures through or beyond the calcium is technically
demanding and carries the risk of injuring surrounding
structures. The transatrial TMVR technique described here-
in minimizes these risks because it does not require debride-
ment or circumferential annular sutures through MAC, but
still allows for implantation of a balloon-expandable THV.
Specifically, minimizing any debridement and reinforcing
the valve skirt with a felt strip we found to adequately
achieve our desired postoperative outcomes. We also did
not place sutures circumferentially; the sutures are placed
in 3 locations (trigones and middle of P2 annulus) for all
cases to avoid migration and additional sutures where the
MAC is absent. We believe this shortens the crossclamp
and cardiopulmonary bypass times. Some MAC patterns,
such as MAC that protrudes into the leaflets, can make
this technique more challenging because it does require
debridement of the calcium. In these cases, we have found
mild PVL postprocedurally and the surgeon should have a
high index of suspicion and carefully evaluate the seating
and seal of the valve.

One potential benefit of THVis the larger effective orifice
area (EOA) compared with the same size surgical bio-
prosthesis. Data regarding in vivo EOA for the Sapien 3
valve compared with regular biologic valves for surgical
MVR have consistently demonstrated a larger EOA in the
same size Sapien 3 valve (EOA for 29 mm Sapien 3 being
2.7 cm2 compared with 1.9 to 2.0 cm2 for a 29-mm bio-
prosthetic valve).21,22 These data support the potential
advantage of utilizing THV for mitral valve disease with
MAC. In our study, the mean transmitral gradient at 30-
days ranged from 5 to 8 mm Hg except for the patient
requiring the 25-mm bioprosthetic valve who had a gradient
of 12 mm Hg. This relatively high gradient might be ex-
plained by the existence of heavy calcium surrounding the
THV, which might have hindered the full expansion of the
valve. Furthermore, given the fact that the mitral annulus
is D-shaped unlike the circular aortic valve annulus, the
THVs might not have completely expanded to their full di-
ameters due to limitations of the short radius on the annular
plane. This incomplete expansion also has the potential to
worsen prosthetic PVL, which is already a great concern
in cases of severe MAC with early studies demonstrating
32.9% of cases having postprocedural mild PVL and 5%
having grade 3 or higher PVL.8 Previous surgeons have pro-
posed placing complete circumferential annular sutures
during transatrial TMVR as a way to reduce PVL.10 How-
ever, we minimized the number of annular sutures to
simplify the procedure and all patients had mild or less
PVL. We believe this reduced rate of PVL can be attributed
to the felt-reinforced valve skirt that facilitates a better seal
against the calcified annulus, and that investigation of po-
tential PVL with a pressurized left ventricle after valve
deployment can provide the opportunity to add additional
sutures should significant PVL be present. In this way, a
felt skirt reinforced THV has the opportunity to provide a
larger EOA and reduced PVL compared with biologic
valves in patients with severe MAC.
Another potential complication after TMVR is LVOT

obstruction, which has a reported in-hospital mortality
rate exceeding 60%.23 One option for addressing this and
remaining endovascular is to perform laceration of the ante-
rior mitral valve leaflet to prevent outflow obstruction
before transseptal TMVR.23 Although this procedure has
the benefit of being entirely transcatheter, it has mixed out-
comes particularly for valve-in-MAC patients with a re-
ported 13% 30-day mortality, 27% requiring additional
procedures, and 23% having greater than mild PVL.23 In
contrast, the transatrial approach can reduce the risk of
LVOT obstruction by providing the surgeon with an oppor-
tunity to directly visualize the anterior leaflet and resect it if
necessary, and in our experience has a decreased risk of pro-
cedural failure and reintervention. Although the anterior
leaflet was resected in all 11 cases in this study, 2 patients
had postoperative LVOT obstruction. Both had undergone
TAVR before mitral valve surgery. We suspect that having
2 different stented valves protruding into the LVOT might
have resulted in restricted blood flow, causing the obstruc-
tive effect. In patients with severe septal hypertrophy, septal
myectomy or alcohol septal ablation before valve implanta-
tion should be considered because LVOT obstruction can
still be present after excision of the anterior leaflet.
Limitations
This article has several limitations that should be ad-

dressed. The most substantial limitation is its small sam-
ple size, which makes meaningful statistical
comparisons with other techniques difficult and under-
powered. However, the ongoing Surgical Implantation
of Transcatheter Valve in Native Mitral Annular Calcifi-
cation trial will provide an opportunity to study this pa-
tient population in a larger series.18 This study also has
an inherent selection bias because these patients were all
considered high-risk surgical patients, which contributed
to their selection for a transatrial approach. The short
follow-up period limits any conclusions that can be
made about long-term patient outcomes. All patients in
this series underwent surgery by a single cardiac surgeon
with extensive experience in transcatheter procedures,
which limits the generalizability of the results to sur-
geons with adequate knowledge of and experience in
utilizing transcatheter technology and may not apply to
a nonexperienced facility or individual.
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CONCLUSIONS
Transatrial TMVR using a Sapien 3 THV for high-risk or

prohibitive-surgical-risk patients with severe MAC can be
performed safely with excellent short-term outcomes.
To maximize the advantages of this technique, thorough
preoperative assessment of anatomical features based on
CTand echocardiogram, as well as careful patient selection,
are necessary. Our experience indicates this technique can
be applied to a currently underserved patient population
that is not eligible for other surgical or transcatheter mitral
valve interventions. Further studies with larger sample size
are needed to evaluate the reproducibility and long-term ef-
ficacy of this technique.
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