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Introduction

Mitral annular calcification (MAC) was first described by 
Bonninger in 1908 in a patient with heart block (1). It is 
estimated that MAC is present in up to 10–15% of the 
elderly population, with prevalence increasing further 
with advancing age (2,3). In about three-quarters of 
patients, the posterior annulus is involved (4). The patho-
mechanism leading to MAC is not fully understood. 
However, there is a clear relation to cardiovascular risk 
factors such as diabetes mellitus, arterial hypertension, 
smoking, and hyperlipoproteinemia.  Further risk 
factors include age, female gender, obesity, renal failure, 
ethnicity, and interleukin-6, a mediator of inflammation 
and immunity (4,5). There is also an association with 
infective endocarditis, coronary artery disease, congestive 
heart failure (6), and stroke (7). In addition, persons with 

fibroelastic deficiency, Barlow’s, or Marfan’s disease are at 
increased risk of developing MAC (8). There is evidence 
that local inflammation and calcification activation induce 
a self-perpetuating cycle (9), which is also triggered 
by increased hemodynamic stress (10). An imbalance 
between promoters of osteogenic transformation and/or 
inhibition of mineralization may also play a role in MAC  
pathogenesis (11).

MAC is asymptomatic in the majority of patients and 
is an incidental finding during cardiovascular imaging. 
With progression of this degenerative process over time, 
calcification may also affect mitral valve leaflets and 
commissures. However, in contrast to rheumatic mitral 
valve disease with thickening and calcified leaflets and 
commissures, MAC is characterized by initial calcium 
deposit in the fibrous annulus. Both pathologies can 
progress to the other and be associated with mitral valve 
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regurgitation and/or stenosis.
If mitral valve disease is present, surgical correction 

in the presence of MAC can be challenging. Often 
valve-preserving techniques are not possible, and valve 
replacement is required. Anchoring an artificial prosthesis 
in the presence of MAC requires an individual approach as 
the degree of MAC varies. Potential surgical risks such as 
improper valve size, injury of the circumflex artery, injury 
of the conduction system, and atrio-ventricular dehiscence 
have to be avoided.

There are a variety of surgical techniques to address 
these challenges, with a focus on addressing MAC through 
a standard surgical access with full sternotomy. They are 
described in this illustrative article.

Operative techniques

Preparation and exposure

Depending on the surgical access, the patient is positioned 
in a supine position for standard access via full or partial 
sternotomy or in a position with the right side of the chest 
slightly elevated for a minimally invasive surgical (MIS) 
approach with a right thoracotomy. Establishing cardio-
pulmonary bypass also follows standard principles of the 
specific surgical access with either central cannulation 
or peripheral cannulation for a MIS technique. In the 
presence of severe MAC, most surgeons would avoid a MIS 
technique, as potential reconstruction of the mitral annulus 
can be challenging via this approach.

The mitral valve is exposed in a standard fashion either 
through Sondergaard’s groove, a trans-septal approach, 
or the roof of the left atrium. As MAC can have various 
degrees and distribution of calcium (Figure 1A-1F), 
adequate exposure of the mitral valve is essential to have 
access to all areas of the mitral valve apparatus involved.

Operation

If only partial calcification of the posterior annulus is 
present, it is often possible to pass the sutures around single 
calcium deposits or partially through the preserved posterior 
leaflet to anchor a valve. Non-everted U-sutures should 
be used instead of an everted suture technique to avoid 
tearing of the sutures out of the annulus. In the presence 
of severe posterior MAC, however, complete removal of 
the calcium bar may sometimes be required. To accomplish 
this, the posterior mitral leaflet (PML) is detached from the 

transition area between the leaflet and the left atrium. A 
retraction suture is used to retract the PML for visualization 
of the calcium bar (Figure 2A). The bar should be resected 
using scissors and/or the cautery at a low energy level  
(Figure 2B). Care has to be taken not to damage the cardiac 
vessels. Meticulous hemostasis is essential. The area of the 
posterior annulus is then reconstructed using an autologous 
or bovine pericardial patch. The patch is shaped in a way 
that follows the curved shape of the posterior annulus. 
Oversizing should be avoided, as potential bleeding 
under the patch could cause bulging. A running 4/0 or 
3/0 monofilament suture is used. Additionally, pledgeted 
reinforced U-sutures may be used for reinforcement of the 
patch towards the ventricular side. These sutures are passed 
through the ventricular muscle and the patch (Figure 3A). In 
case the mitral valve is repaired, the PML may be reattached 
to the patch. However, in most cases, the mitral valve 
needs to be replaced. Sutures are then passed through the 
preserved PML and the patch twice, or through the leaflet, 
followed by the patch and the left atrial muscle (Figure 3B). 
Before sutures are placed into the anterior annulus, the 
anterior mitral leaflet (AML) is either completely resected 
with preserved chordae to the PML or it can be split with 
additional preserved chordae to the AML (Figure 3B). 
Sutures are then passed through the remaining annulus in a 
standard fashion with a preference for using a non-everted 
suture technique. After tying the sutures, the valve is safely 
secured with the posterior patch visible (Figure 3C).

As an “en-bloc” removal of the posterior calcium bar 
has the potential risk of coronary artery damage, atrio-
ventricular dehiscence, or rupture, an alternative technique 
is to keep the MAC in place and pass interrupted, reinforced 
U-sutures underneath the posterior calcium bar. Starting 
from the ventricular side, multiple 3/0 monofilament 
U-sutures with a large needle are used. The sutures are 
passed through a pericardial or Teflon strip, which acts as a 
reinforcement (Figure 4A). Sutures are either passed under 
the calcium bar (Figure 4B) or, if possible, through it. The 
patch and the endothelium-covered calcium bar will prevent 
mobilization of calcium particles. The sutures are then 
used to anchor the prosthesis in the posterior annular area. 
In some instances, sutures cannot be passed underneath 
or through the calcium bar. They are then passed as non-
everting sutures through the preserved PML, anterior to 
the annulus, and through a pericardial patch. This patch 
will be used to further reinforce the prosthetic valve and to 
avoid paravalvular leakage by anchoring the patch to the left 
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Figure 1 Different degrees and distributions of annular and mitral valve calcifications. (A) Partial posterior annular calcification. In this 
example, the annulus in the posterior-medial commissural area also shows calcifications. (B) Complete calcification of the posterior mitral 
annulus. (C) Complete annular calcification. (D) Leaflet calcifications. (E) Sagittal view of annular calcification and its relation to the leaflet 
and circumflex artery and heart vein. (F) Sagittal view of myocardial calcification and calcification of the sub-valvular apparatus.
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Figure 2 Removal of the posterior calcium bar. (A) Retraction suture on the PML for exposure of the calcium bar. (B) Total resection of the 
calcium bar. PML, posterior mitral leaflet.

Figure 3 Reconstruction of the posterior annulus with a pericardial patch. (A) Reconstructed posterior annulus using a bovine pericardial 
patch. Additional pledgeted reinforced U-sutures are placed for reinforcement of the ventricular side. (B) Pledgeted U-sutures for mitral 
valve replacement are passed through the preserved posterior leaflet and the patch. (C) Implanted tissue valve.
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Figure 4 Example of placing posterior annular sutures without removal of the calcium bar. (A) Single 3/0 monofilament U-sutures are 
passed through a Teflon strip and then under the calcium bar towards the left atrium. (B) Sagittal view of the sutures under the calcium bar.
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Figure 5 Example of placing posterior annular sutures with pericardial patch reinforcement and without removal of the posterior calcium 
bar. (A) Sagittal view of pledgeted, reinforced U-sutures, which are passed through the PML, a pericardial patch, and the suture ring of the 
prosthesis, respectively. (B) The patch is anchored to the left atrial muscle. (C) Final result of the implanted tissue valve. PML, posterior 
mitral leaflet.

atrial muscle. The U-sutures are finally passed through the 
valve prosthesis (Figure 5A). As the patch is initially loose 
towards the left atrial side, it is attached and reinforced 
with shallow stitches in the circumflex area and generous 
stitches through the left atrial muscle. A continuous 3/0 
or 4/0 monofilament suture is used. Figure 5B depicts the 
final result with the valve and patch in place, and Figure 5C 
demonstrates the principle of this technique in a sagittal 
view.

In the most severe scenario of MAC with involvement 
of the complete annulus in the calcification and additional 
thickening and calcification of both leaflets, none of the 
previously described techniques may be feasible. In this 
case, a transatrial implantation of a transcatheter heart 
valve (THV) may be the only option. To accommodate a 
reasonably sized prosthesis, as much resection of the AML 
and PML is performed as possible. Multiple reinforced 
U-sutures are then placed through all areas, where sutures 
are able to pass through the calcium, underneath the 
calcium, or through the remaining leaflets, without potential 
mobilization of the calcium (Figure 6A). After balloon 
sizing, the THV (usually a standard Edwards Sapien valve) 
is prepared. A 10 mm in width soft Teflon strip is sutured 
to the base of the THV with a running 5/0 monofilament 

suture (Figure 6B). Following crimping of the valve in an 
inverted fashion with the catheter delivery system or in a 
non-inverted fashion by using the transthoracic (Certitude) 
delivery system, the locations of the valve commissures are 
marked with a marking pen for adequate valve alignment in 
relation to the left ventricular outflow tract. Under direct 
vision, the THV is slowly deployed. Position should be  
3–4 mm atrially, which corresponds to being positioned 
20% atrial and 80% ventricular. Anchoring sutures are 
then passed through the Teflon strip and valve frame and 
tied (Figure 6C). The THV is finally ballooned again  
(Figure 6D).

Following the final assessment of the mitral valve 
repair/replacement and exclusion of any potential residual 
paravalvular leakage, operations are completed in a 
standard fashion. Closure of the atriotomy, weaning from 
cardio-pulmonary bypass, and chest closure follow the 
surgical access used. Detailed assessment of mitral valve or 
prosthetic valve performance is evaluated by transesophageal 
echocardiography at the end of the procedure.

Comments

MAC is a progressive, age-dependent process associated 
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Figure 6 Surgical implantation of a transcatheter heart valve. (A) Complete resection of the AML. Multiple pledgeted U-sutures are placed 
through the annulus and/or the calcium, wherever possible. (B) A 10 mm in width Teflon strip is sutured to the base of a THV. (C) The 
THV is implanted under direct vision in an appropriate position with regard to the commissures. Annular sutures are passed through the 
Teflon strip of the THV and tied. (D) The THV is finally ballooned. AML, anterior mitral leaflet; THV, transcatheter heart valve.

with common cardiovascular risk factors and a variety of 
other conditions, including chronic inflammatory states, 
connective tissue diseases, and infective endocarditis. It can 
lead to mitral valve malfunction, necessitating surgical or 
interventional treatment. Surgery can be challenging due to 
the potential risks of atrioventricular dehiscence, circumflex 
artery injury, and paravalvular leakage.

A variety of surgical techniques have been described. If 
the posterior annulus is involved, these include complete 
removal of the calcium bar with patch reconstruction 
of the posterior mitral annulus (4,12). Modifications for 
anchoring the pericardial patch and/or the valve within the 
patch have also been presented (13). As the mitral valve is 
typically replaced in the majority of cases with significant 

MAC, secure anchoring of the prosthesis, particularly in the 
posterior annular area, is essential.

If the calcium bar is not resected, several alternative 
techniques have been described. When sutures cannot be 
passed through the calcium bar, reinforced U-sutures can be 
placed through the PML and the plicated left atrial tissue 
to create a “new annulus”, as described by Di Stefano and 
coworkers (14). The AML may be used as a reinforcement 
or to exclude calcium after it has been detached and 
transposed to the posterior annulus (15). Pan and colleagues 
described a double-layer horizontal cross-suture technique 
for intra-atrial mitral valve implantation (16). For severe 
MAC, however, a transatrial THV implantation technique 
has been demonstrated to be a viable alternative (17-19).
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Clinical outcomes are often dependent on patient 
comorbidities. Intraoperatively, it is important to avoid 
manipulating the heart if the MAC is not resected or 
after a prosthetic valve has been implanted to prevent 
atrioventricular rupture. Circumflex artery injury remains 
an operative risk and should be addressed on a case-by-case 
basis (e.g., with bypass grafting, immediate postoperative 
intervention, or medical management).

As the severity of MAC varies, an individualized 
approach to this pathology is required. The authors’ 
preference is to avoid complete resection of the posterior 
calcium bar, instead utilizing the described techniques for 
valve anchoring. In the presence of severe MAC, transatrial 
THV implantation is the preferred technique.
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