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Abstract
Background: Treatment of mitral regurgitation (MR) associated with severe mitral annular calcification 
(MAC) is challenging due to the high risk of fatal atrioventricular groove disruption and significant para-
valvular leak.
Aims: The aim of this study was to evaluate the outcomes of transcatheter mitral valve replacement 
(TMVR) with the Tendyne valve (Abbott Structural) in patients with MR and MAC.
Methods: Twenty patients (mean age 78 years; 11 women) who were treated with the Tendyne valve, either 
compassionate use (CU; closed) or as part of The Feasibility Study of Tendyne in MAC (NCT03539458), 
had reported outcomes in a median follow-up duration of 368 days.
Results: In all patients, a valve was implanted with no procedural mortality and successful hospital dis-
charge. Two embolic events occurred, including one with mesenteric ischaemia and one non-disabling 
stroke. At 30 days and one year, all-cause mortality occurred in one (5%) and eight patients (40%), respec-
tively. At one year, six patients had been hospitalised for heart failure (30%). There was no prosthetic dys-
function, and MR remained absent in all patients at one year. Clinical improvement, measured by New York 
Heart Association Functional Class, occurred in 11 of 12 patients who were alive at one year. Among seven 
survivors with Kansas City Cardiomyopathy Questionnaire (KCCQ) data, mean increase in KCCQ score 
was 29.9±26.3 at one year with improvement of ≥10 points in five (71.4%) patients.
Conclusions: In patients with MR and severe MAC, TMVR with the Tendyne valve was associated with 
encouraging acute outcomes, midterm durability, and clinical improvement. Dedicated TMVR therapy may 
have a future role in these anatomically challenging, high-risk patients.
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Abbreviations
CEC clinical events committee
LVOT left ventricular outflow tract
MAC mitral annular calcification
MR mitral valve regurgitation
NYHA New York Heart Association
TMVR transcatheter mitral valve replacement

Introduction
Mitral annular calcification (MAC) results from calcific degener-
ation or disruption of the native mitral apparatus and, in severe 
cases, it can be associated with invasion into the myocardium. 
MAC leads to restricted leaflet motion, annular rigidity, steno-
sis, and mitral regurgitation (MR). For patients with symptomatic 
mitral disease and severe MAC, surgery with traditional mitral 
valve replacement presents a significant challenge due to the risk 
of atrioventricular disruption, which is often fatal1-3. Transcatheter 
edge-to-edge repair is often not feasible due to leaflet restric-
tions and pre-existing transvalvular gradients. Moreover, there is 
no transcatheter therapy currently approved for the treatment of 
symptomatic mitral valve disease in patients with severe MAC, 
representing an unmet clinical need3.

Transcatheter techniques for the treatment of patients with 
MAC have been evaluated using a balloon-expandable or mechan-
ically expanding aortic prosthesis in the mitral position (e.g., 
SAPIEN [Edwards Lifesciences] and Lotus [Boston Scientific])4,5. 
More recently, implantation of a prosthesis specifically designed 
for the mitral valve, the Tendyne system (Abbott Structural), has 
shown encouraging results in patients with severe MAC, with 
complete elimination of MR and a favourable safety profile (i.e., 
no procedural mortality)6. In October 2018, the single-arm, mul-
ticentre Tendyne MAC Feasibility Study began enrolling patients 
with symptomatic severe MR and MAC who were at prohibitive 
risk for surgical MR correction. The purpose of this study was to 
evaluate the performance of the Tendyne system to support the 
expansion of the therapy and to guide the development of further 
investigations. The present analysis examines the entire present 
experience of Tendyne for patients with severe MR and MAC, 
with an aggregation of one-year outcomes from the Tendyne MAC 
Feasibility Study (FS) (NCT03539458) (n=11) and from patients 
implanted under compassionate use (CU); n=9. The Tendyne 
MAC FS closed enrolment on 30 October 2019.

Methods
STUDY POPULATION
The study population comprises two cohorts: CU and the MAC 
Feasibility Study (NCT03539458). All patients provided informed 
consent to undergo the procedure under CU or for participation 
in the MAC FS study, with all procedures approved by the local 
institutional review boards and conducted in accordance with the 
Declaration of Helsinski. Each patient was evaluated as a candi-
date for a transcatheter mitral valve replacement (TMVR) procedure 
by a complete Heart Team consisting of interventional cardiologists 

and cardiac surgeons. The Heart Team evaluated the medical his-
tory, vitals, laboratory data, transthoracic echocardiography, tran-
soesophageal echocardiography and electrocardiogram (ECG)-gated 
contrast-enhanced cardiac computed tomography (CT) of each 
patient7. All medical imaging measurements used to determine ana-
tomical suitability and eligibility criteria were evaluated by a core 
laboratory. All patients were anatomically screened by the sponsor 
to assess valve sizing. Device simulation was performed using CT 
analysis to determine left ventricular outflow tract (LVOT) area and 
the clearance between the septum and anterior strut of the prosthesis.

Anatomically suitable patients were reviewed with site investi-
gators for preprocedural planning and recommendations for con-
comitant procedures (e.g., balloon valvuloplasty).

Nine patients with severe MAC were treated under CU at five 
hospitals across the USA and Europe. All CU patients received 
approval from their respective national regulatory agencies (Food 
and Drug Administration in the United States, Federal Institute for 
Drugs and Medical Devices in Germany, or L’Agence nationale 
de sécurité du médicament et des produits de santé in France). CU 
patients generally met study criteria for The Expanded Clinical 
Study of the Tendyne Mitral Valve System (NCT02321514), 
with the exception of the severe MAC or severe mitral stenosis 
exclusion.

Eleven patients were recruited for the Tendyne MAC FS from 
five hospitals in the United States; two of these hospitals also had 
CU experience with Tendyne TMVR for severe MAC. Key study 
enrolment criteria for the Tendyne MAC FS were: 1) symptoms of 
heart failure (i.e., New York Heart Association [NYHA] Functional 
Class ≥II); 2) severe MR; 3) severe MAC; 4) lack of suitability for 
surgical mitral valve replacement; and 5) expected benefit from 
reduction in MR, as determined by a local Heart Team evaluation. 
Key exclusion criteria were: 1) severe left ventricular dysfunc-
tion (ejection fraction <30% or end-diastolic diameter >70 mm); 
2) severe tricuspid regurgitation or right ventricular dysfunction; 
3) haemodynamic instability; 4) forced expiratory volume in 1 sec-
ond (FEV1) <1 L or <50% predicted; and 5) life expectancy <1 year. 
A full description of the MAC FS eligibility criteria is available 
publicly (https://clinicaltrials.gov/ct2/show/NCT03539458).

An independent echocardiography core laboratory (Beth Israel 
Deaconess confirmed subject eligibility. Similarly, a computed 
tomography core laboratory (St. Paul’s Hospital, British Columbia, 
Canada) conducted anatomic screening for all subjects. Patients 
treated under CU had follow-up imaging and outcomes reported 
by site to the sponsor. Tendyne MAC FS sites submitted follow-
up imaging to the core labs and adverse events were adjudicated 
by an independent clinical events committee (CEC) (Figure 1).

TRANSCATHETER MITRAL VALVE PROSTHESIS AND 
IMPLANTATION
The Tendyne transcatheter mitral valve system comprises a bio-
prosthetic valve, tether, epicardial pad, and delivery system that 
has been described previously6. The prosthesis is deployed 
transapically via a left lateral thoracotomy, and without the need 
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for cardiopulmonary bypass, rapid ventricular pacing, or haemo-
dynamic support. To ensure the successful deployment of the pros-
thesis in severe MAC, predilatation of the mitral valve apparatus 
with a balloon was performed when there was concern regarding 
optimising expansion of the prosthesis due to calcific spicules or 
restricted mitral leaflets.

Unless medically contraindicated, anticoagulation with warfarin 
was administered to all patients for at least six months following 
the Tendyne procedure.

DEFINITIONS AND DATA ANALYSIS
CT imaging was used to characterise and quantify MAC, categoris-
ing it as severe when it posed significant surgical risk, with a mini-
mum total MAC volume of 750 mm3 or when MAC invaded the 
myocardium. CT images were analysed using the Mimics Innovation 
Suite (Materialise). For each specific subject, a 3D mask model of 
the MAC was created using a lower Hounsfield unit threshold value 
that excluded the blood volume contrast. The MAC volume was 
obtained from the MAC mask properties. Imaging was also used 
to assess the distribution of MAC to accommodate valve seating, 
and the potential impact of the calcified annulus on the inner frame 
(Figure 2, Figure 3). The distribution of MAC volumes is shown 
in Supplementary Figure 1. Severe MR was defined using standard 
American Society of Echocardiography criteria8,9. Device and tech-
nical success were defined using Mitral Valve Academic Research 
Consortium (MVARC) criteria10.

Evidence of MR, device dysfunction (stenosis, degeneration, 
fracture), malposition (embolisation or migration), and left ven-
tricular outflow tract (LVOT) obstruction were based on two-
dimensional and Doppler echocardiography. The Society of 
Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) for 
replacement was calculated to determine surgical risk.

Clinical follow-up was performed at 30 days and one year. All 
analyses were performed for each individual cohort and as a total 
study population (n=20). All patients were evaluated for the 
occurrence of adverse clinical events (i.e., death, stroke, transient 

Adjudication of imaging and adverse events
Compassionate use

(N=9)
MAC feasibility study

(N=11)

Treated patients
CT (n=3) and TTE (n=5) follow-up 
imaging was provided by site

Adverse events reported to 
sponsor by the site

Baseline CT (n=20), TTE (n=20),  TEE (n=20) imaging 
evaluated by core lab. Medical history, vitals and lab data 
submitted by site to eCRF

Sponsor reviews baseline imaging evaluation, medical 
history, vitals and lab data to determine anatomic and 
procedural suitability

Treated patients
CT (n=9) and TTE (n=1O) 
follow-up imaging was evaluated 
by an independent core lab

Reported adverse events adjudicated 
by a clinical events committee

Figure 1. Adjudication of imaging and adverse events. CT: computed tomography; eCRF: electronic case report form; MAC: mitral annular 
calcification; TEE: transoesophageal echocardiogram; TTE: transthoracic echocardiogram

Figure 2. Representative patterns of severe MAC in patients treated 
with the Tendyne. ECG-gated, contrast-enhanced cardiac computed 
tomography images from patients treated in this study. Panels A, B, 
and C are from unique patients; panels C and D are from the same 
patient. Spicules invading the myocardium were evident in several 
patients (B and D, arrows). Ao: aorta; ECG: electrocardiogram; 
LA: left atrium, LV: left atrium; MAC: mitral annular calcification; 
MV: mitral valve
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ischaemic attack, bleeding, myocardial infarction, endocarditis 
and haemolysis), need for re-intervention (transcatheter or surgi-
cal), and recurrent hospitalisation. Normally distributed continu-
ous variables are presented as means±SD; continuous variables 
not normally distributed (Shapiro-Wilk test, p<0.05) are presented 
as median (interquartile range [IQR]).

Results
STUDY PATIENTS
Clinical and demographic characteristics are summarised in 
Table 1. Patients were elderly (mean age 78±6 years; 11 women) 
and severely symptomatic, with multiple comorbidities that contrib-
uted to a mean STS-PROM of 8.1±6.4%. Of the 20 patients, 16 
had preserved left ventricular function (i.e., LVEF ≥50%); the mean 
LVEF was 58±9%. While all patients had severe MR, 7 out of 19 
(31%) had an elevated baseline mean mitral gradient ≥5 mmHg, 
demonstrating stenosis. In one patient there was severe stenosis in 
addition to regurgitation. Among the 15 patients with a calculated 
mitral valve area, all were <4 cm2. Those who were treated as part 
of the MAC FS had slightly higher STS-PROM scores compared 
to CU cases (9.0±8.1% vs 7.0±3.5%), attributable to higher rates of 
lung disease, coronary artery disease and prior stroke.

Overall haemodynamic performance was improved, MR 
was eliminated in all patients and mean mitral valve gradient 
was reduced to 4.4±111. Mitral regurgitation was eliminated to 

Figure 3. Post-implantation images of patients with severe MAC 
treated with the Tendyne. ECG-gated, contrast-enhanced cardiac 
computed tomography images from two representative patients 
30 days after implantation. (A and B) and (C and D) correspond to 
the same patient. The asterisk indicates severe mitral annular 
calcification. Arrows indicate the prosthesis. 
ECG: electrocardiogram; MAC: mitral annular calcification

Table 1. Demographic data.

MAC FS (n=11) CU (n=9) Total (n=20)
Age, years, mean±SD (n) 78.2±5.8 (11) 76.9±6.2 (9) 77.6±5.9 (20)

Women 63.3% (7/11) 44.4% (4/9) 55% (11/20)

NYHA Class III or IV 81.8% (9/11) 77.8% (7/9) 80% (16/20)

BMI, kg/m², mean±SD (n) 25.3±5.9 (11) 29.7±4.2 (9) 27.3±5.5 (20)

Diabetes mellitus 36.4% (4/11) 66.7% (6/9) 50% (10/20)

Renal insufficiency* 45.5% (5/11) 88.9% (8/9) 65% (13/20)

Hypertension 90.9% (10/11) 100% (9/9) 95% (19/20)

Peripheral artery disease 54.5% (6/11) 0% (0/9) 30% (6/20)

Pulmonary hypertension 36.4% (4/11) 66.7% (6/9) 50% (10/20)

Coronary artery disease 72.7% (8/11) 66.7% (6/9) 70% (14/20)

Prior coronary intervention 72.7% (8/11) 55.6% (5/9) 65% (13/20)

Previous MI 27.3% (3/11) 11.1% (1/9) 20% (4/20)

Atrial fibrillation 72.7% (8/11) 66.7% (5/8) 68.4% (13/19)

Device implantation 45.5% (5/11) 55.6% (5/9) 50% (10/20)

Prior valve intervention 54.5% (6/11) 44.4% (4/9) 50% (10/20)

Previous stroke 18.2% (2/11) 0% (0/9) 10% (2/20)

Previous TIA 0% (0/11) 0% (0/9) 0% (0/20)

Chronic lung disease 27.3% (3/11) 0% (0/9) 15% (3/20)

History of smoking 72.7% (8/11) 22.2% (2/9) 50% (10/20)

STS PROM for MV replacement, % mean±SD (n) 9.03±8.09 (11) 6.97±3.52 (9) 8.1±6.39 (20)

Mean MV gradient, mmHg, mean±SD (n) 5.5±3.8 (10) 5.3±2.6 (9) 5.4±3.2 (19)

Median (min, max) 4.1 (2.0,15.4) 4.1 (2.6,10.9) 4.1±(2,15.4)

Predicted ES neo-LVOT, mm2 323±112 (11) 479±134 (9) 393±143 (20)

Baseline LVOT gradient, mmHg 1.8±0.9 (9/20) 0% (0/9) 1.8±0.9 (9/20)

*GFR <60 ml/min/1.73 m² BMI: body mass index; ES: end systole; LVOT: left ventricular outflow tract; MI: myocardial infarction; MV: mitral valve; 
MVARC: Mitral Valve Academic Research Consortium; NYHA: New York Heart Association; STS-PROM: Society of Thoracic Surgeons predicted risk of 
mortality; TIA: transient ischaemic attack
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trace or less in all patients, with no observed paravalvular leaks 
(Table 2).

The range of CT-derived MAC volumes was 799 to 18,041 mm3, 
with an average of 4,273±4,053 mm3 (Supplementary Figure 1). 
Circumferential MAC (i.e., >270 degrees) was present in 13 patients, 
all of whom had calcium protruding from the mitral annulus directed 
either into the myocardium or towards the left ventricular cavity.

PROCEDURAL AND IN-HOSPITAL OUTCOMES
The Tendyne device was implanted in all patients with complete 
elimination of MR. There was no procedural mortality, no device 
embolisation, and no significant stenosis of the bioprosthesis 
(Table 3). No cases required cardiopulmonary bypass or peripheral 

extracorporeal membrane oxygen (ECMO). An intra-aortic bal-
loon pump was used in one patient (5%). Pre-implantation bal-
loon valvuloplasty was performed in 11 (55%) cases. Fifteen 
patients received a low-profile prosthesis to accommodate small 
left heart anatomy, and to minimise the risk of LVOT obstruc-
tion. One patient experienced LVOT obstruction intraprocedur-
ally, which was successfully treated with alcohol septal ablation6. 
Therefore, technical success, according to MVARC criteria, was 
95% (19 out of 20 patients). The median hospital stay was seven 
days, including a median ICU stay of 2.6 days. Thirteen patients 
(65%) were discharged directly home, with the remainder entering 
skilled nursing or transitional care facilities for continued postop-
erative rehabilitation.

Table 2. Clinical and echocardiographic outcomes at one year.

MAC FS (n=11) CU (n=9) Total (n=20)
Any mortality 36.4% (4/11) 44.4% (4/9) 40% (8/20)

Cardiac death 27.3% (3/11) 11.1% (1/9) 20% (4/20)

NYHA Functional Class I 50% (3/6) 16.7% (1/6) 33.3% (4/12)

II 33.3% (2/6) 83.3% (5/6) 58.3% (7/12)

III 16.7% (1/6) 0% (0/6) 8.3% (1/12)

IV 0.% (0/6) 0% (0/6) 0% (0/12)

Heart failure hospitalisation 27.3% (3/11) 33.3% (3/9) 30% (6/20)

Myocardial infarction 0% (0/11) 0% (0/9) 0% (0/20)

New onset atrial fibrillation 18.2% (2/11) 11.1% (1/9) 15% (3/20)

Stroke 9.1% (1/11) 0% (0/9) 5% (1/20)

Disabling 0% (0/11) 0% (0/9) 0% (0/20)

Bleeding, all 63.6% (7/11) 0% (0/9) 20% (4/20)

MVARC life threatening or fatal 9.1% (1/11) 0% (0/9) 5% (1/20)

MV re-intervention* 9.1% (1/11) 11.1% (1/9) 10% (2/20)

Bioprosthetic valve dysfunction Erosion, migration, malposition 0% (0/11) 0% (0/9) 0% (0/20)

Fracture (tear or damage) 0% (0/11) 0% (0/9) 0% (0/20)

Thrombosis 0% (0/11) 0% (0/9) 0% (0/20)

Haemolysis 9.1% (1/11) 0% (0/9) 5% (1/20)

Embolisation 0% (0/11) 0% (0/9) 0% (0/20)

Endocarditis 0% (0/11) 0% (0/9) 0% (0/20)

Paravalvular leak 9.1% (1/11) 0% (0/9) 5% (1/20)

Mitral regurgitation grade None/trivial 100.0% (6/7) 100% (5/5) 100% (12/12)

1+ 0% (0/7) 0% (0/5) 0% (0/12)

2+ 0% (0/7) 0% (0/5) 0% (0/12)

3+ 0% (0/7) 0% (0/5) 0% (0/12)

4+ 0% (0/7) 0% (0/5) 0% (0/12)

Mitral paravalvular regurgitation 
grade

None/trace 100% (7/7) 100% (5/5) 100% (12/12)

1+ 0% (0/7) 0% (0/5) 0% (0/12)

2+ 0% (0/7) 0% (0/5) 0% (0/12)

3+ 0% (0/7) 0% (0/5) 0% (0/12)

4+ 0% (0/7) 0% (0/5) 0% (0/12)

Mean MV gradient, mmHg Mean±SD (n) 4.2±1.4 (6) 4.6±1.9 (5) 4.4±1.6 (11)

Median (min, max) 3.7 (3.0, 6.3) 4 (2, 7) 4 (2, 7)

1-month ES neo-LVOT (mm2) 424±109 (9/20) 0% (0/9) 424±109 (9/20)

Pre-discharge LVOT gradient (mmHg) 2.3±0.9 (10/20) 0% (0/9) 2.3±0.9 (10/20)

Patients in the MAC Feasibility Study had a 1-month cardiac CT study per protocol. *Alcohol septal ablation for LVOT obstruction (n=1), 
vascular plugs for paravalvular leak (n=1). CT: computed tomography; ES: end systole; LVOT: left ventricular outflow tract; MV: mitral valve; 
MVARC: Mitral Valve Academic Research Consortium; NYHA: New York Heart Association
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CLINICAL OUTCOMES
Median follow-up for the entire study cohort was 368 days (range 
18 to 858 days) (Figure 4). Death at one year occurred in eight 
of the 20 patients, including four cases that were cardiovascular-
related. One patient, who experienced acute mesenteric ischae-
mia on post-operative day 16 and haemorrhagic shock following 
exploratory laparotomy, died 18 days post-index procedure; the 
CEC adjudicated the event as related to both the device and proce-
dure. One patient died at home due to worsening congestive heart 
failure and coronary artery disease on post-operative day 250. 
One patient experienced sudden cardiac arrest at home 256 days 
post-index procedure. One patient died of acute systolic heart fail-
ure 41 days post-index procedure. There were four non-cardiac 
deaths. One patient was hospitalised for pneumonia 299 days 

post-procedure, developed sepsis and passed away 12 days later. 
Three patients treated under CU experienced non-cardiac death, 
including two by suicide and one related to renal insufficiency 
269 days post-procedure. Up to one year, of the six patients hospi-
talised for heart failure, three died after hospitalisation. The cause 
of death following hospitalisation was described previously as car-
diac arrest, heart failure and suicide.

One patient experienced a non-disabling stroke (5%) intrapro-
cedurally, with symptoms that resolved by the one-month follow-
up. At the one-month visit the patient was hospitalised for heart 
failure with haemolysis; a paravalvular leak (PVL) was identified, 
which was resolved two months later with a vascular plug. There 
were no other mitral re-interventions or surgical procedures per-
formed up to one year. There were no other instances of PVL, and 
the MR grade was none or trivial in all patients at one year. There 
were five device- or procedure-related bleeding events: one, pre-
viously described above, due to mesenteric ischaemia and haem-
orrhagic shock, three procedural bleeding events resolved with 
transfusion or iron supplements, and one due to supratherapeutic 
international normalised ratio (INR) associated with the anticoag-
ulation regimen that resolved with dosage change. There were two 
reported events of new onset atrial fibrillation: one began during 
the administration of anaesthesia, and one was successfully car-
dioverted. At one year, echocardiographic imaging demonstrated 
sustained relief of MR, with no prosthetic dysfunction or stenosis. 
Overall, these results demonstrated device success, as defined by 
MVARC-2 criteria, in 11 of 12 patients (92%), with one patient 
experiencing both a non-disabling stroke and requiring post-pro-
cedural mitral re-intervention for PVL.

Among the 12 survivors at one year, 11 patients (92%) were 
in NYHA Functional Class I or II (Figure 5). Paired analyses for 
Kansas City Cardiomyopathy Questionnaire (KCCQ) quality-of-
life assessments were available in seven survivors.
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Figure 4. New York Heart Association Functional Class at baseline, 
one-month and one-year follow-up. The arrows indicate the absolute 
and proportion of patients moving between classes within follow-up 
time points. A wider arrow size suggests the majority of that 
subgroup moving to a different class. NYHA: New York Heart 
Association

Table 3. Procedure and hospitalisation data.

MAC FS (n=11) CU (n=9) Total (n=20)
Procedure time, min, mean±SD (n) 121±36.7 (11) 130±43.9 (9) 125±39.3 (20)

Cardiopulmonary bypass or ECMO 0% (0/11) 0% (0/9) 0% (0/20)

IABP used 9.1% (1/11) 0% (0/9) 5% (1/20)

Valve implanted 100% (11/11) 100% (9/9) 100% (20/20)

Standard profile 9.1% (1/11) 44.4% (4/9) 25% (5/20)

Low profile 90.9% (10/11) 55.6% (5/9) 75% (15/20)

Device retrieval 0% (0/11) 0% (0/9) 0% (0/20)

Technical success 100% (11/11) 88.9% (8/9) 95% (19/20)

Concomitant balloon valvuloplasty 54.5% (6/11) 55.6% (5/9) 55% (11/20)

Length of hospitalisation stay (days), median 6 6 7

Length of ICU stay (days), median 1.5 4 2.6

Discharge status Home 90.9% (10/11) 37.5% (3/8) 68.4% (13/19)

Acute care hospital 0.0% (0/11) 12.5% (1/8) 5.2% (1/19)

Rehabilitation centre 9.1% (1/11) 25.0% (2/8) 15.7% (3/19)

Skilled nursing facility 0.0% (0/11) 25.0% (2/8) 10.5% (2/19)

CU: compassionate use; ECMO: extracorporeal membrane oxygenation; IABP: intra-aortic balloon pump; ICU: intensive care unit; MAC FS: Mitral 
Annular Calcification Feasibility Study
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Among these individuals, at one year the mean improvement in 
KCCQ score was 29.9±26.3 with an increase ≥10 points in five 
(71.4%) patients. Paired analyses for six-minute walk tests (6MWT) 
were available for only two MAC FS participants, as some in-per-
son clinic visits were missed due to the COVID-19 pandemic.

Discussion
The early success of Tendyne as a dedicated TMVR device for 
the CU treatment of patients with severe MAC was an important 
milestone for the therapy6. The Tendyne MAC Feasibility Study 
was initiated to study the outcomes of TMVR in these patients fur-
ther. In this study of Tendyne TMVR in severe MAC, there were 
high rates of technical success (95%), elimination of MR (100%), 
and safety (i.e., no procedural mortality; 30-day mortality 5%), 
with durability of the prosthesis and clinical improvement in the 
majority of patients during follow-up. These data further expand 
on the early experience of Tendyne TMVR for severe MAC, with 
results that represent considerable improvements in outcomes for 
this challenging patient subset, particularly in comparison to prior 
experiences with off-label devices4,5.

Patients with symptomatic mitral disease and severe MAC are 
common and represent a therapeutic challenge due to the surgical 
risks of atrioventricular groove rupture or myocardial tearing, as 
well as the frequent presence of adverse comorbidity. Success may 
be attributable to several design features of the Tendyne TMVR 
device, including a valve designed specifically for the mitral anat-
omy, avoiding the need for rapid ventricular pacing and, if needed, 
the ability to reposition and retrieve the valve. Specific to patients 

with severe MAC, the Tendyne apical anchor minimises the require-
ment to achieve valve securement at the annulus where the MAC 
burden is located. In addition, the anatomically shaped design of the 
outer frame readily conforms to rigid MAC while the inner frame 
remains functional. In this early experience, there has been no evi-
dence of bioprosthetic valve dysfunction during follow-up.

In this study, the sample size (n=20) was relatively small due to 
the novelty of Tendyne TMVR for this application. Nevertheless, 
some insight may be garnered from the mortality rates observed 
(Central illustration). The 30-day all-cause mortality rate (5%) was 
relatively low for these patients who would otherwise be at high risk 
for conventional surgery, reflecting a highly favourable procedural 
safety profile for the device. However, death due to any cause at 
one year occurred in eight patients (40%). The association of severe, 
non-cardiac morbidity with the presence of MAC has been described 
previously and was also noted in this study cohort11-13. Four of the 
eight deaths were non-cardiac, including two suicides. The resulting 
rate of cardiac mortality of 20% at one year equals that of high-risk 
transcatheter edge-to-edge repair studies (reported cardiac mortal-
ity rate 16-22%)14 and compares favourably to SAPIEN in MAC 
registries (reported cardiac mortality rate 24-33%)4,15. Consideration 
of the impact on life expectancy of morbidity beyond that attrib-
utable to mitral disease remains important, as with other methods 
for assessing benefit and futility in transcatheter and surgical ther-
apy16. We believe the technical success demonstrated in the study 
could translate into improved long-term outcomes when such con-
siderations are undertaken. Due to this early technical success, the 
Tendyne MAC FS closed enrolment on 30 October 2019 and a ded-
icated MAC cohort was initiated for the Tendyne SUMMIT piv-
otal clinical trial that remains ongoing (https://clinicaltrials.gov/ct2/
show/NCT03539458).

Presently, conventional risk models (e.g., STS-PROM, 
EUROSCORE II) do not incorporate MAC anatomy for prognosti-
cation; such anatomy must be carefully considered for determining 
TMVR feasibility. Balloon valvuloplasty (e.g., 26 mm to 30 mm 
with True or True Flow [Bard] or Inoue-Balloon [Toray]), per-
formed either transeptally or transapically, was used in the majority 
of patients (11 of 20 cases). Typically, balloon valvuloplasty was 
considered when there was leaflet restriction, mitral stenosis, or if 
a calcified spicule(s) extended towards the left ventricular cavity, 
and when these features posed risk for lack of inner frame expan-
sion. One patient, who had a calcific spicule protruding >3 mm, 
did not undergo a balloon valvuloplasty; initially, the valve did not 
completely expand and was partially recaptured. The valve was then 
repositioned, with confirmation by intraprocedural transoesophageal 
echocardiography and fluoroscopy, and deployed successfully. 
These observations demonstrate the need for comprehensive multi-
modality imaging for preprocedural and procedural assessments, as 
well as the utility of a recapturable and repositionable prosthesis.

Our encouraging midterm results from the CU and early feasibility 
studies of Tendyne TMVR are early evidence in support of a trans-
catheter solution for high-risk patients with severe MAC, many of 
whom are at prohibitive surgical risk1,11. In this challenging subset 
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Figure 5. Survival after TMVR with the Tendyne for severe MAC. 
Follow-up time for the 20 patients with patients listed on the y-axis 
in descending order of treatment. The x-axis indicates duration of 
last follow-up. Dotted line indicates time mark at one-year follow-up. 
MAC: mitral annular calcification; TMVR: transcatheter mitral 
valve replacement
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of patients, Tendyne TMVR potentially offers a less-invasive thera-
peutic option with sustained echocardiographic and clinical success.

Our results also emphasise the need for a thorough patient 
selection process involving a multidisciplinary Heart Team for this 
high-risk subset of patients. Our data do not allow strong conclu-
sions regarding the possible exclusions of patient subsets due to 
possible futility; however, age, pre- and post-procedure rehabilita-
tion potential and the ability to follow guideline-directed medical 
therapy are key factors in this decision-making process.

Study limitations
Due to the COVID-19 pandemic, some in-person follow-up assess-
ments were unable to be performed. Overall, seven patients could 
not complete a 6MWT at the one-year window due to the pan-
demic, though follow-up was completed on all patients remotely. 
While the sample size was limited, the reason for this limitation 
was the high technical success observed in these patients, which 
led to cessation of the feasibility study and then initiation of the 
ongoing pivotal clinical trial (NCT02321514).

Conclusions
TMVR in severe MAC with a dedicated prosthesis shows encour-
aging midterm outcomes, with sustained MR elimination and 

clinical improvement up to one year. The observed high all-cause 
mortality rate in this high-risk patient population highlights the 
need for a thorough patient selection process in a multidisciplinary 
Heart Team approach.

Impact on daily practice
Patients with severe MAC and MR are considered high surgical 
risk, hence they are often denied further interventions. The here 
presented midterm data of TMVR with the Tendyne device in 
patients with severe MAC and MR reflect the high-risk popula-
tion but also provide evidence that TMVR with the Tendyne is 
a feasible and durable option with excellent acute and accept-
able midterm clinical outcomes. Dedicated TMVR therapy with 
the Tendyne device may therefore have a future role in these 
anatomically challenging high-risk patients.

Funding
The present report is an analysis of 20 patients treated with 
Tendyne, either through global compassionate use (CU) or as part 
of The Feasibility Study of the Tendyne Mitral Valve System in 
Mitral Annular Calcification (NCT03539458, i.e., the Tendyne 
MAC Feasibility Study [MAC FS]) sponsored by Abbott).
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Central illustration. One-year outcomes of Tendyne in MAC. Our study included 20 patients with severe MAC and high surgical risk 
undergoing Tendyne in MAC (two representative cross-sectional and longitudinal contrast-enhanced cardiac computed tomography images of 
a Tendyne prosthesis in MAC are depicted). All-cause death at one year occurred in eight (40%), cardiac death, however, occurred in only 
four of the 20 patients (20%). MAC: mitral annular calcification; TMVR: transcatheter mitral valve replacement



EuroIntervention 2
0

2
2

;17:15
2

3
-15

31

1531

Early outcomes of Tendyne TMVR in MAC

Conflict of interest statement
M. Gössl reports consulting for Abbott Vascular, and is Chair of the 
Subject Eligibility Committee for the SUMMIT trial. V. Thourani 
reports consulting and research for Abbott Vascular. V. Babaliaros 
reports consulting for Abbott (less than $5,000), and Edwards 
Lifesciences. L. Conradi reports being a member of the advi-
sory board for Abbott Vascular, and being a consultant for Boston 
Scientific, Edwards Lifesciences, and Medtronic. B. Chehab reports 
being a member of the advisory board and a consultant for Abbott 
Structural, Edwards Lifesciences, and Medtronic. N. Dumonteil 
reports consulting and proctoring fees for Abbott Vascular, Ancora 
Heart, Boston Scientific, Edwards Lifesciences and Medtronic. 
V. Badhwar reports institutional research support from and being 
a consultant (non-remunerative) for Abbott. D. Rizik reports being 
on the Medical Advisory Board of Abbott Vascular, and being on the 
Executive Physician Council of Boston Scientific. B. Sun reports 
being a consultant and clinical proctor for Abbott Vascular and being 
a selection committee member for the Tendyne Device (Summit 
Clinical Trial). R. Bae reports consulting for Abbott Vascular - 
Speakers Bureau. R. Guyton reports being a consultant for Edwards 
Lifesciences (no consultation or compensation in last 12 months). 
M. Chuang is an employee of the Beth Israel Deaconess Medical 
Center Cardiovascular Imaging Core Laboratory which received 
funds from the study sponsor to perform image analyses. He also 
reports Echo Core Laboratory services for Abbott Vascular. P. Blanke 
reports being a consultant for Edwards Lifesciences and W.L. Gore, 
CT Core Laboratory services for Abbott Vascular, institutional core 
laboratory services for Abbott Laboratories, related to this manu-
script, with no direct personal compensation, and institutional core 
laboratory services not related to this manuscript for Medtronic, 
Edwards Lifesciences, Boston Scientific, and Neovasc without direct 
personal compensation. P. Sorajja reports consulting or advisory 
board participation for Abbott Structural, Anteris, Boston Scientific, 
Medtronic, NeoVasc, TriFlo, VDyne, and W.L. Gore. 

References
1. Gillinov AM, Desai MY, Mick S. Mitral Annular Calcification: The Search For Safer 
Options. J Am Coll Cardiol. 2018;72:1449-51.

2. Abramowitz Y, Jilaihawi H, Chakravarty T, Mack MJ, Makkar RR. Mitral Annulus 
Calcification. J Am Coll Cardiol. 2015;66:1934-41.

3. Bedeir K, Kaneko T, Aranki S. Current and evolving strategies in the management 
of severe mitral annular calcification. J Thorac Cardiovasc Surg. 2019;157:555-66.

4. Guerrero M, Urena M, Himbert D, Wang DD, Eleid M, Kodali S, George I, 
Chakravarty T, Mathur M, Holzhey D, Pershad A, Fang HK, O'Hair D, Jones N, 
Mahadevan VS, Dumonteil N, Rodés-Cabau J, Piazza N, Ferrari E, Ciaburri D, 
Nejjari M, DeLago A, Sorajja P, Zahr F, Rajagopal V, Whisenant B, Shah PB, 
Sinning JM, Witkowski A, Eltchaninoff H, Dvir D, Martin B, Attizzani GF, Gaia D, 
Nunes NSV, Fassa AA, Kerendi F, Pavlides G, Iyer V, Kaddissi G, Witzke C, Wudel J, 
Mishkel G, Raybuck B, Wang C, Waksman R, Palacios I, Cribier A, Webb J, Bapat V, 
Reisman M, Makkar R, Leon M, Rihal C, Vahanian A, O'Neill W, Feldman T. 1-Year 
Outcomes of Transcatheter Mitral Valve Replacement in Patients With Severe Mitral 
Annular Calcification. J Am Coll Cardiol. 2018;71:1841-53.

5. Guerrero M, Vemulapalli S, Xiang Q, Wang DD, Eleid M, Cabalka AK, Sandhu G, 
Salinger M, Russell H, Greenbaum A, Kodali S, George I, Dvir D, Whisenant B, 
Russo MJ, Pershad A, Fang K, Coylewright M, Shah P, Babaliaros V, Khan JM, 

Tommaso C, Saucedo J, Kar S, Makkar R, Mack M, Holmes D, Leon M, Bapat V, 
Thourani VH, Rihal C, O'Neill W, Feldman T. Thirty-Day Outcomes of Transcatheter 
Mitral Valve Replacement for Degenerated Mitral Bioprostheses (Valve-in-Valve), 
Failed Surgical Rings (Valve-in-Ring), and Native Valve With Severe Mitral Annular 
Calcification (Valve-in-Mitral Annular Calcification) in the United States: Data From 
the Society of Thoracic Surgeons/American College of Cardiology/Transcatheter 
Valve Therapy Registry. Circ Cardiovasc Interv. 2020;13:e008425.

6. Sorajja P, Gössl M, Babaliaros V, Rizik D, Conradi L, Bae R, Burke RF, Schäfer U, 
Lisko JC, Riley RD, Guyton R, Dumonteil N, Berthoumieu P, Tchetche D, Blanke P, 
Cavalcante JL, Sun B. Novel Transcatheter Mitral Valve Prosthesis for Patients With 
Severe Mitral Annular Calcification. J Am Coll Cardiol. 2019;74:1431-40.

7. Blanke P, Dvir D, Cheung A, Levine RA, Thompson C, Webb JG, Leipsic J. Mitral 
Annular Evaluation With CT in the Context of Transcatheter Mitral Valve Replacement. 
JACC Cardiovasc Imaging. 2015;8:612-5.

8. Zamorano JL, Badano LP, Bruce C, Chan KL, Gonçalves A, Hahn RT, Keane MG, 
La Canna G, Monaghan MJ, Nihoyannopoulos P, Silvestry FE, Vanoverschelde JL, 
Gillam LD. EAE/ASE recommendations for the use of echocardiography in new trans-
catheter interventions for valvular heart disease. J Am Soc Echocardiogr. 2011;24: 
937-65.

9. Zoghbi WA, Adams D, Bonow RO, Enriquez-Sarano M, Foster E, Grayburn PA, 
Hahn RT, Han Y, Hung J, Lang RM, Little SH, Shah DJ, Shernan S, Thavendiranathan P, 
Thomas JD, Weissman NJ. Recommendations for Noninvasive Evaluation of Native 
Valvular Regurgitation: A Report from the American Society of Echocardiography 
Developed in Collaboration with the Society for Cardiovascular Magnetic Resonance. 
J Am Soc Echocardiogr. 2017;30:303-71.

10. Stone GW, Adams DH, Abraham WT, Kappetein AP, Généreux P, Vranckx P, 
Mehran R, Kuck KH, Leon MB, Piazza N, Head SJ, Filippatos G, Vahanian AS; Mitral 
Valve Academic Research Consortium (MVARC). Clinical Trial Design Principles and 
Endpoint Definitions for Transcatheter Mitral Valve Repair and Replacement: Part 2: 
Endpoint Definitions: A Consensus Document From the Mitral Valve Academic 
Research Consortium. J Am Coll Cardiol. 2015;66:308-21.

11. Saran N, Greason KL, Schaff HV, Cicek SM, Daly RC, Maltais S, Stulak JM, 
Pochettino A, King KS, Dearani JA, Said SM. Does Mitral Valve Calcium in Patients 
Undergoing Mitral Valve Replacement Portend Worse Survival? Ann Thorac Surg. 
2019;107:444-52.

12. Wang TKM, Griffin BP, Xu B, Rodriguez LL, Popovic ZB, Gillinov MA, 
Pettersson GB, Desai MY. Relationships between mitral annular calcification and 
cardiovascular events: A meta-analysis. Echocardiography. 2020;37:1723-31.

13. Kanjanauthai S, Nasir K, Katz R, Rivera JJ, Takasu J, Blumenthal RS, Eng J, 
Budoff MJ. Relationships of mitral annular calcification to cardiovascular risk factors: 
the Multi-Ethnic Study of Atherosclerosis (MESA). Atherosclerosis. 2010;213:558-62.

14. Fernández-Peregrina E, Pascual I, Freixa X, Tirado-Conte G, Estevez-Loureiro R, 
Carrasco-Chinchilla F, Benito- González T, Asmarats L, Sanchís L, Jiménez-
Quevedo P, Avanzas P, Caneiro-Queija B, Molina-Ramos AI, Fernández- Vázquez F, 
Li CH, Flores-Umanzor E, Sans-Roselló J, Nombela-Franco L, Arzamendi D. 
Percutaneous edge-to-edge mitral repair in the presence of mitral annulus calcification. 
EuroIntervention. 2022;17:1300-9.

15. Urena M, Brochet E, Lecomte M, Kerneis C, Carrasco JL, Ghodbane W, Abtan J, 
Alkhoder S, Raffoul R, Iung B, Nataf P, Vahanian A, Himbert D. Clinical and haemo-
dynamic outcomes of balloon-expandable transcatheter mitral valve implantation: 
a 7-year experience. Eur Heart J. 2018;39:2679-89.

16. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP 3rd, Gentile F, 
Jneid H, Krieger EV, Mack M, McLeod C, O'Gara PT, Rigolin VH, Sundt TM 3rd, 
Thompson A, Toly C. 2020 ACC/AHA Guideline for the Management of Patients With 
Valvular Heart Disease: A Report of the American College of Cardiology/American 
Heart Association Joint Committee on Clinical Practice Guidelines. Circulation. 2021; 
143:e72-227.

Supplementary data
Supplementary Figure 1. Distribution of MAC volume in implanted 
patients (n=20).

The supplementary data are published online at: 
https://eurointervention.pcronline.com/ 
doi/10.4244/EIJ-D-21-00745
 

https://eurointervention.pcronline.com/doi/10.4244/EIJ-D-21-00745


Supplementary data 

 

 

Supplementary Figure 1. Distribution of MAC volume in implanted patients (n=20). 

Cardiac computed tomography was used to quantify MAC volume, the distribution of which is 

shown.  

MAC: mitral annular calcification 

 




