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Background: Mitral annular calcification (MAC) may represent a significant

challenge for heart surgeons with an extremely high perioperative risk during

mitral valve (MV) surgery. The risk is further increased when patients fail to be

eligible for any percutaneous treatment, particularly because circumferential

calcifications involving the anterior leaflet suggest a critical obstruction of the

left ventricular outflow tract (LVOT).

Objectives: The objective of this study was to evaluate residual mitral

regurgitation (MR) after surgical mitral valve replacement using a Sapien 3 Ultra

(Edwards Lifesciences, CA, USA) transcatheter aortic valve implantation (TAVI)

prosthesis, reinforced with a pericardial skirt, in high-risk selected patients with

severe MAC.

Methods: Since 2020, five high-risk patients (mean age 70 years; 63–76; four

women) with severe mitral disease in the context of severe MAC (computed

tomography-based mean MAC Score 8.2 ± 1.1) were operated on after

we adopted this novel technique. The operations were performed under

general anesthesia, using a transapical TAVI delivery system to position the

Sapien 3 in the mitral position under direct vision. To reinforce and avoid

paravalvular leakages, a pericardial skirt was previously sewn around the

prosthesis, securing it to the annulus and perivalvular atrial surface.

Results: Sapien 3 Ultra implantation was successful without residual MR in

all five patients (mild paravalvular leak in one case). Four patients had a 29-

mm valve implanted, while one had a 26-mm valve implanted. Predilatation

of the native annulus was never performed. Perfusion and clamping times

were 134 ± 53 mins and 108 ± 43 mins, respectively. The presence of the

pericardial skirt reduced the risk of leakage between the prosthesis and the

rigid calcium surface, with final mean and maximal gradients of the TAVI

prosthesis of 4.1 and 10.8 mmHg, respectively. There were no left ventricular

outflow tract obstructions (mean LVOT gradient of 8 ± 1 mmHg). All patients
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were discharged, and neither mortality nor prosthetic dysfunction, nor residual

mitral regurgitation was recorded. During follow-up, the last patient treated

(MAC Score 10, severe calcification of the mitro-aortic junction) returned to

our attention with a significant recurrent jet originating from the anterolateral

commissure, currently medically treated, given the prohibitive redo risk.

Conclusion: Direct open surgical implantation of the Sapien 3 valve can be

safely done in patients with severe MAC in dedicated centers. Reinforcing the

TAVI prosthesis by sewing a pericardial skirt led to satisfactory perioperative

and early postoperative results, reducing paravalvular leakages. Complex

anatomies have a CERTAIN risk of recurrence.

KEYWORDS

Sapien 3 THV, MAC, heart surgery, mitral valve (ring calcification), mitral valve, mitral

valve replacement, interventional cardiology

Introduction

Severe mitral annular calcification (MAC) represents a

major challenge for heart surgeons during mitral valve (MV)

surgery, usually carrying an extremely high perioperative risk.

This risk is further increased when patients fail to be eligible for

any percutaneous treatment, particularly because calcifications

at the level of the anterior leaflet suggest a critical risk of left

ventricular outflow tract obstruction (1). The MAC represents

a degenerative process of the mitral annulus, which, in its

most characteristic configuration, forms a semilunar deposit of

calcium within the posterior annulus, with limited extension

to the leaflet tissue. This process differs from the calcifications

seen in rheumatic valvular diseases, which usually involve the

commissures and the leaflet tissue with only tardive extension

to the annulus. Importantly, there are two different MAC

presentations, with or without a coexisting MV pathology.

The calcifications without valve lesions are usually present

in patients with metabolic disorders (e.g., severe diabetes,

hyperparathyroidism, and chronic renal failure). They are

usually asymptomatic until they develop severe mitral stenosis

due to massive annular and sub-annular calcifications.

Conversely, MAC can be present in patients with pre-

existing MV disease, particularly in older ones with fibroelastic

deficiency or Barlow’s or in younger patients with Marfan’s

syndrome (2, 3). Most commonly, only the posterior annulus is

involved, but it may extend to the anterior one or even become

massive, involving the full circumference of the mitral valve. The

true prevalence of MAC is poorly understood, ranging from 4.3

to 15%, increasing with age and other cardiovascular risk factors,

including chronic kidney disease (4, 5).

This report refers to a particular surgical treatment of those

rarer, massively calcified forms ofMAC. In this setting, complete

decalcification can have prohibitive consequences, mandating

our institutional policy to surgically implant a Sapien TAVI

(Edwards Lifesciences, CA, USA) expandable balloon prosthesis

(6–9). Recently, the technique has been optimized by suturing

a pericardial skirt around the Sapien 3 prosthesis, radially

covering the atrial surface. The rationale aims to rule out any

possibility of the paravalvular leaks that boundary this type of

strategy. This report aims to identify these patients with severe

MAC and to report the results of skirting the Sapien with

pericardium to address this massive pathology.

Methods

Patient population

From October 2020, five high-risk patients diagnosed with

massive, circumferential mitral annular calcification have been

operated on in our institution due to MV disease (Table 1).

They presented either with an isolated form affecting the

MV or in association with concomitant cardiac disease. Each

patient was discussed at the heart team meeting. The risk

profile was calculated according to the Society of Thoracic

Surgeons (STS) Risk Calculator, STS Score. In breif, in

preoperative investigations, to prepare patients for mitral

surgery and determine the extent of mitral calcification,

each patient underwent a coronary angiography examination,

transthoracic and transesophageal echocardiography, and a

contrast-enhanced MSCT examination in a series. Every patient

had the mitral valve calcifications assessed based on multislice

computed tomography (MSCT), followed by the GuerreroMAC

Score to evaluate their severity (Table 1) (10). The inclusion

criteria for this therapy was a surgical candidate who presented

with a Guerrero Score > 7 (at least the entire posterior annular

calcification involving one or both mitral commissures). Each

patient has signed consent to personal data processing for

research purposes, and the request for this retrospective study

has been sent to the local ethics committee (ID 2022-01188).
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TABLE 1 Population baseline.

Pts # Age Sex STS score Mitral pathology Metabolic disorder Chronic renal

failure

MAC score

(1–10)

LVEF preop %

1 68 Female 2.015% Degenerative severe MR Hypothyroidism No 7 50

2 67 Female 6.771% Degenerative severe MR Metabolic syndrome Yes 9 30

3 76 Female 3.726% Degenerative severe MR Hypothyroidism and severe

hypertension

No 7 45

4 76 Female 4.357% Severe MS Hypothyroidism, diabetes

and severe hypertension

No 8 50

5 63 Male 1.466% Severe MS Radiation after lymphoma

and severe hypertension

No 10 55

Intraoperative technique

The patient enters the operating room following the

institute’s standard procedure for MV surgery. Re-evaluation

of each patient’s cardiac status is carried out by means

of transesophageal echocardiography upon intubation. The

operation of direct, surgical implantation of a Sapien TAVI

prosthesis in the mitral position has already been described by

our group (11).

The usual intraoperative strategy continues with median

sternotomy, inverted T-opening of the pericardium, and

placement of suspension stay-sutures, followed by bicaval

cannulation. Once established, the extracorporeal circulation

and the venae cavae are both tightened, and the aorta clamped.

Del Nido anterograde cardioplegia is administered. With the

heart under cardioplegic arrest, the left atrium is linearly incised

along Waterston’s groove for optimal exposure of the MV. Our

policy is to avoid massive debulking in patients with severe

calcifications, removing only the anterior mitral leaflet so that

the valve can be measured and then replaced. This step is

very delicate and must be precise so as not to obstruct the

LVOT. It is advisable to flush regularly with a hydro-saline

solution to remove any residual calcium. At this time, the

size of the Sapien 3 Ultra prosthesis (Edwards Lifesciences,

CA, USA) can be measured and confirmed. The pericardial

skirt can be sutured on the atrial side (4–0 polypropylene

monofilament thread; Figure 1). Here, the recommendation

is to have great meticulousness when suturing the Sapien

pericardial skirt: it is very easy to have small folds in the sutured

pericardium, which becomes moderate leaks under pressure

once the circulation has been restarted. Once the valve is

ready, it is crimped together with the skirt on a short delivery

system (for transapical access TAVI), taking care not to ruin it

(Figure 2). To have the correct coaxiality between the MV and

the left ventricle, the nose cone was almost completely flexed

toward the mitral apex so that the insertion under direct vision

becomes physiological. Once accomplished, the pericardium is

fixed with other annular pledgeted sutures previously placed

through extensive calcifications. The valve is further fixed to the

ring with two or four Ethibond 2–0 cardinal stitches (Figure 3).

Once the valve has been properly fixed (by hand-tie or with a

Cor-Knot automated fastener as in our case), accurate flushing,

closure of the left atrium, and de-airing are performed. Before

declamping, we perform a reduced aortotomy to check for

residual calcium fragments in the ventricle, ready to embolize.

Results

The patient population has been described in detail below

(Table 1). The TAVI Sapien 3 implantation in the mitral position

was successful, with the absence of residual MR in all five

patients (mild paravalvular leak in one case). Four patients

received a 29-mm valve, while one received a 26-mm valve

(Table 2). A predilatation of the native annulus was never

performed. Perfusion and clamping times were 134 ± 53 mins

and 108 ± 43 mins, respectively. The average time used to

sew the pericardial skirt around the Sapien 3 Ultra, after

TAVI crimping, was around 7min. Under transesophageal

echocardiographic control, the presence of the pericardial skirt

abolished any residual leakage between the prosthesis and the

rigid calcium surface, with final mean and maximal gradients of

the TAVI prosthesis of 4.1 and 10.8 mmHg, respectively.

No left ventricular outflow tract obstructions were detected

due to the presence or dislocation of the TAVI prosthesis (mean

LVOT gradient of 8 ± 1 mmHg). We were able to fix a mild

residual leak between the Sapien and the pericardial skirt in

two out of five patients using intraoperative transesophageal

echocardiographic control (3D zoom with color, “en face” or

“surgical” projection of the MV).

There were no deaths, strokes, or major complications

during hospitalization. No patient required definitive

pacemaker implantation. All patients were discharged,

and neither mortality nor prosthetic dysfunction or residual

mitral regurgitation was recorded during follow-up. During

follow-up, the last patient treated (MAC Score 10, severe
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FIGURE 1

Three panels of figures (A–C) depicting the pericardial patch sewn as a skirt around the Sapien 3 Ultra prosthesis (atrial side, the TAVI prosthesis

is positioned 180 degrees if compared to an aortic implant).

FIGURE 2

Three panels of figures (A–C) depicting the skirted Sapien 3 Ultra when crimped and loaded onto the transapical (shorter) delivery system. The

prosthesis should be loaded upside down in relation to the aortic position.

FIGURE 3

Three panels of figures (A–C) depicting the intraoperative placement of pericardial skirt stitches [radial as for a replacement (A) the implant (B)

and the final result (C)].
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calcification of the mitro-aortic junction) returned to our

attention with a significant recurrent jet originating from the

anterolateral commissure, currently medically treated, given

the prohibitive redo risk. The diagnosis was occasionally made

during a TEE before electric cardioversion to rule out appendage

thrombus. This recurrent mitral jet could not be assessed at

TTE, either before or after its recurrence. Most probably, the

adherence of the TAVI prosthesis was not complete in the

anterolateral commissural region due to massive calcification of

the mitroaortic curtain.

Postoperative care

After surgery, therapeutical oral anticoagulation treatment

was adopted and maintained for the first 3 months. If needed,

antiarrhythmic drugs (AADs) were continued during the first 3–

6 months. All patients visited the outpatient clinic according to

the standard protocol of care at our institution.

Discussion

We report on the validity of reinforcing the Sapien 3

TAVI prosthesis with a pericardial skirt when implanted in

mitral valves with severe MAC. Taking into account the

complexity of the population treated, the intraoperative and

short-term outcomes achieved with this technique thus far are

very promising (Table 1). Notwithstanding, a certain risk of

recurrence cannot be excluded, as there has been a recurrence

in the last treated patient (MAC Score 10). Most probably,

the adherence of the TAVI prosthesis was not complete in the

anterolateral commissural region due to massive calcification of

the mitroaortic curtain.

In our opinion, the most important issue related to this

technique is patient selection. Theoretically, the Sapien 3

in MAC works well in every patient and has no absolute

contraindications, contrary to transcatheter MV implantation

(TMVI), which can have limitations due to LVOT obstruction.

At our institute, the policy is to deliver the aforementioned

therapy only in the case of severeMAC.With this approach, even

all kinds of MAC become treatable. According to the Guerrero

Score, which was created to objectively assess the severity of

native mitral valve calcifications based on MSCT, our patients

were severely calcific (10). We could not calculate the final MV

area and plan the prosthesis size, as the anterior leaflet would

be removed to a variable extent. Therefore, it is not feasible to

predict the size of the Sapien 3, which will be implanted.

The advantage of surgical implantation of Sapien in MAC

is the removal of the anterior leaflet. This eliminates the

risk of LVOT obstruction, which is not reachable with TMVI

prostheses in these cases of circumferential MAC. The outflow

tract obstruction is currently the Achilles heel of TMVI, even

more relevant for MAC implants (1, 12, 13).

The postoperative LVOT gradients of our patients never

exceeded 12–15 mmHg (Table 2). Surgical removal of the

anterior calcific leaflet also allows greater safety in removing

calcific fragments. In this extreme MAC setting, the Lampoon

technique cannot be performed, as the anterior leaflet is severely

calcified and non-approachable (14).

The experience with Sapien in patients with severe MAC has

grown over the years at our institution: initially rudimentary use

of the Sapien XT, followed by the Sapien 3 with extra annular

fixations, and currently the pericardial reinforced Sapien 3 Ultra

(6, 11, 15). Indeed, the pericardial skirt around the Sapien

prosthesis radially covers the atrial surface around the mitral

annulus. “Skirting” the atrium with radial stitches prevents leaks

between the native contour of the mitral ring and the prosthesis,

which, being circular and not oval, may not be sealed. The

pericardial skirt’s effect in abolishing leaks is to create a low-

flow chamber consisting of the atrial wall, the pericardium

skirt sutured around the prosthesis, and the calcific ring. Even

if the pericardial structure goes toward a certain degree of

calcification around the Sapien without interfering with the

prosthetic leaflets, it should not necessarily become a problem

because it would reduce the onset of PV leaks.

In comparison to the past, the improvement is evident.

Without the skirt, the whole residual regurgitation was

paravalvular between the inextensible calcific ring and the TAVI

Sapien 3 prosthesis. Adding the pericardial skirt significantly

reduced residual leakages between the prosthesis and the rigid

calcium surface. In our opinion, this technique offers some

strengths that deserve further investigation.

Solutions to address MAC

The surgical strategies for a calcified mitral ring should

usually be adapted to the extent of the calcifications and the

surgeon’s experience level. Hence, the decalcification en bloc

of the posterior mitral ring and its reconstruction should

be the strategy of choice when the calcification is limited

to the posterior leaflet or slightly involving the anterior.

Decalcification becomes problematic when the extent increases

and fully involves both mitral leaflets and the trigones; hence,

a “conservative” approach is more convenient. According

to European and American guidelines, surgery represents

the treatment of choice for MV disease (16, 17). However,

several patients were deemed unsuitable for surgery due to a

prohibitive/high operative risk. Today, TMVI has grown as a

possible alternative to surgery. Current data about TMVI are

still limited and come from different settings: valve-in-native

MV, valve-in-valve (ViV), valve-in-ring (ViR), and valve-in-

mitral annular calcification, our field of interest. There are

many promising devices for TMVI. However, they are all in
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TABLE 2 Patient-specific and intraoperative echo details.

Pts # Age Operation Size (mm) Perfusion

Time

(mins)

Clamping

Time

(mins)

Degree of

residual

MR

Position of

residual

leak

Sapien

max/mean

gradient

(mmHg)

Max LVOT

Gradient

(mmHg)

Baseline vs. Post-op

Intraoperative echocardiographical detail

1 68 MVR with Sapien 3 Ultra 29 119 97 Absent No 4 September 8

2 67 MVR with Sapien 3 Ultra 29 74 54 Absent No 5 December 8

3 76 MVR with Sapien 3 Ultra 29 103 80 Mild Anterolateral

commissure

5 October 10

4 76 MVR Sapien 3 Ultra,

CABG and LAA

occlusion

26 168 138 Absent No 3 August 9

5 63 MVR with Sapien 3 Ultra

and bio AVR (Inspiris

Resilia 25)

29 208 174 Traces No 15/5 7
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the very early stages of evaluation. Their role in severe MAC

may be limited as these self-expandable devices are specifically

designed for non-calcified pathology and may not have the

radial strength needed to treat massively calcified stenotic mitral

valves. The outcomes of TMVI for patients with degenerated

bioprosthesis failed annuloplasty rings, and severe MACs have

been recently reported in a multicenter registry by Yoon et al.

involving 521 patients (1). Indeed, the most complex scenario

was represented by ViMAC, with a technical success of 62%,

while 30-day mortality and 1-year mortality were 34.5 and

62.8%, respectively. In addition to this registry, the data obtained

from the STS/Transcatheter Valve Therapies (STS/TVT) registry

confirmed the same trend for the three groups (9). Of note, in

the STS/TVT registry, the occurrence of LVOTO in the ViMAC

group was much lower (10%) than Yoon’s above-mentioned

experience (39.7%). The latter might be explained by the non-

univocal definition used for LVOTO among these registries.

Reflections

The conservative approach (removal of the anterior leaflet

only without annular decalcification) may present some

limitations compared to more radical techniques, but it is

profitable in terms of speed (less than an hour for a mitral

replacement in a very complex setting, Table 2). The risks of

rupturing the atrioventricular groove can be avoided by avoiding

decalcification and patch reconstruction techniques. Another

important issue is the presence of a biological TAVI prosthesis

in the mitral position. The durability of standard surgical

bioprostheses is reduced compared to the aortic position, and

the altered calcium metabolism of these patients and the

high prevalence of severe renal dysfunction are not favorable

prognostic factors. Durability is poorly known in the mitral

position and is unpredictable. Last, the role of therapeutic

anticoagulation after the third month is unclear. Its interruption

is advised for stented surgical bioprosthesis but is unclear in

this setting.

Last, from a patient-prosthesis mismatch perspective, once

the anterior leaflet was removed, the smallest of the stented

surgical bioprostheses available did not pass through the calcific

annulus in two cases. If the intention is not to touch these

rocky annuli, a valuable alternative is to implant a stentless TAVI

prosthesis with excellent gradients (Table 2).

Conclusion

Direct open surgical implantation of the Sapien 3 valve can

be safely carried out in patients withmassive mitral calcifications

in dedicated institutions. Reinforcing the TAVI prosthesis by

sewing a pericardial skirt around it, fixed to the annulus and the

perivalvular atrial surface, led to very satisfactory perioperative

and early postoperative results, abolishing paravalvular leakages.

Further, the removal of the anterior leaflet eliminates the

outflow tract obstruction. Proper patient selection, namely

massive MACs, is crucial to maximizing the benefits of this

hybrid treatment.
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