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Stenosis Caused by Massive Mitral Annular Calcium
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for Aortic Stenosis

William C. Roberts, MD*

Check for
updates

Mitral annular calcium (MAC) is common in older adults in the Western World and if
extensive may cause mitral stenosis . The purpose of this report is to describe outcomes of
12 patients having mitral valve replacement for mitral stenosis secondary to massive
MAC. Operatively excised deposits of calcium removed from the mitral annular area and
the accompanying stenotic mitral valves were examined and then the patients’ medical
records were examined to confirm the diagnosis and the degree of valvular dysfunction. A
total of 12 patients with massive MAC causing mitral stenosis and receiving mitral valve
replacement with or without aortic valve replacement for aortic stenosis were observed in
2013 to 2015. Of the 12 patients, 7 died from 5 to 44 days (mean 19) after the valve opera-
tion and all had “stormy” postoperative courses; one survived 150 days and another, 600
days; the remaining 3 were improved by the operation and are alive 22, 27, and 59 months
postoperatively. In conclusion, the high mortality in these patients suggests that mitral

valve replacement in the setting of massive MAC be considered with caution. © 2018
Elsevier Inc. All rights reserved. (Am J Cardiol 2019;123:650—657)

Deposits of calcium beneath the posterior mitral leaflet
and especially near its attachment to the left atrial and left
ventricular junctional regions, so called mitral annular cal-
cium (MAC), is relatively common in older patients, espe-
cially in women, in patients with chronic renal disease, in
those with left ventricular outflow obstruction (aortic steno-
sis [AS] and hypertrophic cardiomyopathy), and in younger
persons with mitral valve Prolapse, mucopolysaccharidosis
and the Marfan syndrome.' ~® In older patients MAC is usu-
ally accompanied by calcific deposits in the epicardial coro-
nary arteries and in the aortic valve cusps, producing what
has been termed “the senile cardiac calcification syn-
drome™” (Figure 1). The quantity of calcium in the mitral
annular region varies from minimal to massive and when
the latter is the case the result may be mitral stenosis (MS),
especially in the setting of associated AS.'""> We have
encountered through the years many patients who have had
aortic valve replacement for AS and who had massive
MAC but no operative procedure was carried out on the
mitral valve (Figure 2). In recent times in patients with
combined AS and massive MAC causing MS there has
been a tendency among some surgeons to replace the mitral
valve as well as the aortic valve in this scenario.'® ** This
report describes certain clinical and morphologic findings
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in 12 patients with massive MAC causing MS and leading
to isolated mitral valve replacement or to combined mitral
and aortic valve replacement, the latter for AS.

Methods

Since March 1993, I have examined, described, and sub-
mitted the report on all surgical specimens excised from the
heart or aorta at Baylor University Medical Center
(BUMC). During a recent 3-year period—2013, 2014, and
2015—portions of the mitral valve in 130 patients were
submitted to the surgical pathology unit of the department
of pathology at BUMC (Figure 3). Of the 130 patients,
58 (45%) had mitral valve repair for pure mitral regurgita-
tion (no element of stenosis), and 73 (56%) had mitral valve
replacement. Of the latter 72 patients, 53 (74%) had iso-
lated mitral valve replacement (only the mitral valve was
replaced) and 19 (26%) had replacement of both the mitral
and aortic valves. Of the 53 patients with isolated mitral
valve replacement; 16 (30%) had mitral stenosis resulting
from massive MAC in 6 and from rheumatic heart disease
in 10. Of the 19 patients having combined mitral and aortic
valve replacements, 10 had combined mitral stenosis and
aortic stenosis, the result of rheumatic heart disease, and in
6 from massive MAC. This report focuses on the 6 patients
having MS and isolated mitral replacement from massive
MAUC, and on the 4 patients who had both mitral and aortic
valve replacement for combined MS resulting from massive
MAC and aortic valve stenosis. Additionally, 2 other
patients with massive MAC causing MS and associated
with AS and operated on at another Dallas hospital also
were included in this study.

The medical records in all of the 130 patients were
examined.
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Figure 1. Shown here is a radiograph of the heart specimen at autopsy in
an 82-year-old woman who died of volvulus of the colon. She never had
symptoms of cardiac dysfunction. The amount of calcium in the mitral
annular area is enormous. The calcium behind posterior mitral leaflet forms
a beautiful “C” and the bar of calcium below the aortic valve is that on the
ventricular aspect of anterior leaflet. Calcific deposits also are present in
each of the three valve cusps causing some degree of aortic stenosis. Addi-
tionally, calcium is present focally in the left circumflex and left anterior
descending coronary arteries. (Figure reproduced from Roberts WC, Perl-
off JK. Mitral valvular disease: A clinicopathologic survey of the condi-
tions causing the mitral valve to function abnormally. Ann Intern Med
1972 Dec; 77:939-975.)

“Massive MAC” was defined by the presence of a huge
quantity of calcium underlying the posterior mitral leaflet
forming a circle C and extending across all or nearly all of
the ventricular aspect of the anterior mitral leaflet to “close”
the “C” forming a circle O. Examples of massive MAC
forming a circle O are shown in Figures 1 and 2.

The present study includes all patients having mitral
valve replacement for massive MAC encountered at
BUMC during the 3-year period (2013 to 2015). Several
other patients having mitral valve replacement for mitral
valve prolapse causing mitral regurgitation had small focal
deposits of calcium behind posterior mitral leaflet but in no
patients were the deposits behind mitral leaflet large and in
none did calcium extend across the ventricular aspect of
anterior mitral leaflet.

Results

Pertinent clinical and morphologic data in these
12 patients were sought and the findings are summarized in
Table 1. The 12 patients ranged in age from 25 to 82 years
(median 59); 8 were women and 4 were men. SixX patients
had isolated mitral valve replacement and 6 had combined
mitral and aortic valve replacement.

Preoperatively, the peak systolic pulmonary pressures
ranged from 50 to 117 mm Hg (average 79); the pulmonary
artery wedge-left ventricular mean diastolic gradients at
rest ranged from 6 to 23 mm Hg (average 11) and the peak
systolic left ventricular to systemic artery peak pressure
gradients ranged from 20 to 28 mm Hg. Four patients had
considerable coronary arterial narrowing by angiogram,
3 of whom had coronary bypass performed. Preoperatively,

8 patients had atrial fibrillation, 1 had complete heart block,
and 1 had right bundle branch block. Six patients had diabe-
tes mellitus. The body mass index (11 patients) ranged from
21 to 52 kg/m? including 8 patients (73%) in whom the
value was >30 kg/m?. The 12 patients were operated on by
5 different surgeons.

Of the 12 patients, 7 died from 5 to 44 days after valve
replacement, 1 at 150 days and 1 other at 600 days after
the valve replacement. The remaining 3 were improved by
the operation and are alive 22, 27, and 59 months after the
valve operation. The operatively-excised mitral specimens
ranged in weight from 1.92 to 7.20 g. The operatively
excised aortic valves (3 patients) weighed 0.49, 1.20, and
2.95 g, respectively.

Several of the operatively excised mitral and aortic
specimens are illustrated in Figures 4 to 8. Autopsies were
performed in 2 patients: in each considerable quantities of
calcium remained in the mitral annular area. Periannular
mitral disruptions were present in each of the 2 autopsied
patients.

Discussion

It is apparent from study of these hitherto described
12 patients that mitral valve replacement in the setting of
massive MAC is hazardous. Nine of the 12 patients have
died, 7 within 45 days of the operation and 2 others 150 and
600 days, respectively, postoperatively. The postoperative
courses in the 7 early deaths were complicated by stroke;
excessive bleeding (requiring return to the operating room);
parabasilar mitral regurgitation; long periods of intubation,
and usually evidence of inadequate cardiac output
(“multiorgan failure”).

In the early days of cardiac valve replacement (1960s
and 1970s), combined mitral and aortic valve replacement
was a frequent procedure and was usually because of rheu-
matic heart disease, most commonly resulting in stenosis of
both valves, occasionally causing pure regurgitation of both
valves, and rarely producing 1 stenotic and 1 purely regur-
gitant valve. Today in the Western World, rheumatic heart
disease, of course, is far less frequent than in the past, and
now both isolated MS and that combined with AS may
commonly be the result of massive MAC. Replacement
of both left-sided cardiac valves at the same operation
is a formidable operation, especially when both valves are
stenotic.”® In this latter setting, usually the left ventricular
free wall is thickened, the left ventricular cavity is not
dilated, and the ascending aorta is not dilated. When the
mitral dysfunction is caused by massive MAC the operation
is even more formidable. At least in the patients with
combined rheumatic MS and AS the patients are usually
relatively young, and the mitral annulus is not calcified. In
the patients with MAC of sufficient quantity to obstruct the
mitral orifice, the patients are usually in the older age
group.

The Tiron E. David group in Toronto has written
extensively on methods and results for replacing and/or
repairing the mitral valve in the setting of “extensive”
MAC. In one of their reports the operative mortality was
6.2 times that occurring in patients having mitral valve
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Figure 2. Shown here in a, b, and ¢ views are radiographs of the heart at necropsy. There is massive mitral annular calcium which forms nearly a “C” as
shown in b. The aortic valve was replaced with a Bjork-Shailey prosthesis. No replacement of the mitral valve was attempted even though the mitral orifice
was stenotic. ¢ shows transverse sections of the left ventricle to illustrate its small cavity. Death occurs in peak systole, so the left ventricular cavity would be
larger during ventricular diastole.

procedures at their institution without MAC. Early postop-
erative complications in their 54 MAC patients included
re-exploration for bleeding (9%), permanent heart block
requiring a pacemaker (20%), reoperation later related to
valve complications (7%), late postoperative thromboem-
bolic events (9%), and late major hemorrhagic complica-
tions (5%). Their series of 54 patients having mitral
operations—combined with aortic valve replacement for
AS in 23 (43%)—appear to be the best from anywhere in
the setting of extensive MAC. Possibly, most of their
patients had smaller quantities of MAC than the patients
described herein. In 31 (57%) of their 54 patients the
MAC was located only behind the posterior mitral leaflet
and did not extend across the ventricular aspect of anterior
mitral leaflet as it did in the 12 patients described herein.
These investigators emphasize the difficulty of the opera-
tion and state the following:

“Extensive calcification of the mitral annulus may pres-
ent a formidable surgical challenge during mitral valve
surgery. The patient is at risk from such potentially fatal
complications as intractable hemorrhage, atrioventricu-
lar disruption, and ventricular rupture...Although we
recommend removal of the calcium bar, this is a major
undertaking and should not be considered lightly. ..”

Another unemphasized difficulty of mitral replace-
ment in the setting of massive MAC and associated AS is
the lack of dilatation of the left ventricular cavity in most
of these patients including all 12 described herein.”®
Shown in Figure 2 is the heart of a 70-year-old woman
who died shortly after replacement of a severely stenotic
congenitally bicuspid aortic valve (peak transvalvular
gradient=153 mm Hg). A 15-mm Hg mean diastolic
pressure gradient was present between left atrium
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Figure 3. Reason for mitral valve operations at Baylor University Medical Center at Dallas during the 3 years: 2013, 2014, and 2015. Abbreviations:
AML = anterior mitral leaflet; AS = aortic stenosis; AVR = aortic valve replacement; CT = chordae tendineae; IE = infective endocarditis; MAC = mitral annu-
lar calcium; MR = mitral regurgitation; MV = mitral valve; PML = posterior mitral leaflet; U = unknown.
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Figure 4. Case #1, Table 1. Portions of the posterior and anterior leaflets of the mitral valve and fragments of calcium excised from the mitral annular region.
Calcium extends across the ventricular aspect of the anterior mitral leaflet.

and left ventricle. The mitral valve, however, was not
replaced. The reason for showing these photos is to
emphasize the small size of the left ventricular cavity
in the setting of combined MS and AS. The small sized
ventricular cavity makes it especially difficult to insert a
prosthesis or a bioprosthesis in the mitral position in
addition to the difficulty in excising the massive MAC in
this scenario.

There has been recent interest in transcatheter mitral valve
implantation in patients with MS caused by MAC.”’** Sud
and colleagues”’ reviewed 10 previously-reported case studies
of patients having transcatheter mitral valve implantation and
44 patients in a global registry having the percutaneous proce-
dure. In the individual case studies, no deaths were reported.
In the series of 44 patients, the 1-year all-cause mortality was
36%. The transvalvular gradients were reduced in most

patients although nonfatal complications were frequent. Guer-
rero and associates”® updated the MAC Global Registry multi-
center data to include 106 patients followed >1 year. One and
12-month all-cause mortality was 25% and 54%, respectively.
Of the 77 patients who were alive 30 days after the procedure,
49 (64%) were alive at 1 year. The mean transmitral pressure
gradient by echocardiogram, available in 34 patients, at 1 year
was 642 mm Hg. Examination of hearts with massive MAC
causing MS as shown in Figures 1 and 2 suggest why both the
surgical and the percutaneous approach for treatment of MS
secondary to massive MAC is fraught with difficulty.

One of the reviewers of this manuscript asked why the
results of the present study were so much worse than those
described by Ng and colleagues™ in 2000. Study of the Na
report suggests that their 37 patients had far less mitral annu-
lar calcium than the patients described herein. None of Ng’s
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Table 1

Pertinent findings in the 12 patients with massive mitral annular calcium and mitral valve replacement for mitral stenosis with or without aortic valve replacement for aortic stenosis

Interval

VR —D (days)

DM

CKD  Narrowed coronary AF BMI (Kg/mz)

Substitute
aortic valve (mm)

AS AVR Aortic valve

Substitute
mitral valve (mm)

SIM (25)

MS MVR Mitral valve

Age Sex

Case

arteries

weight (g)

weight (g)

(years)

21

+(H)

6.0

39
52
58
61

Alive *

+
+
0

40
30

0
0

Bioprosthesis (29)
Bioprosthesis (27)

SIM (33)

Alive *

+ (CABG) 0

+(RT)

32
1.5

Alive |

28

SIM (27)

5.7
1.9

62
76
40
42
71

44
600

36
34

+

+ (CABG)

Bicor (29)

+(P)
+(H)

Carbomedius (21)

SIM (21)

3.0

0, — X (25)

SIM (27)

33

150
32

1.9

31

+ (CABG) n

0
+

Magna Ease (21)
ATS Mech (20)
CE (19)

St. Jude Epic (—)

12
25

+ 1.2

ATS Mech (24)
Bicor (25)

7.2

74

76

82
Abbreviations: AF

10
DM
RT

11

52

4.7
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11

+

Edwards Magna (27)

12

death;

peritoneal dialysis;

coronary artery bypass grafting; CKD = chronic kidney disease; D

body mass index; CABG
left ventricle; M

aortic valve replacement; BMI

atrial fibrillation; AS = aortic stenosis; AVR =

diabetes mellitus; F
renal transplant earlier; VR

*BAV,

mitral valve replacement; P =

= mitral stenosis; MVR =

male; MS

hemodialysis initiated months or years before MVR; LV =

female; H=

valve replacement.

T AVR 22 months before excision of the bioprosthesis in the aortic valve position and replacement of the MV
¥ Alive 36 months postoperatively. Improved, less breathlessness, twenty pounds less (250— 230);

§ Alive 59 months postoperatively. Much improved. Little breathlessness;

¥ Alive 27 months postoperatively. Greatly improved. Nearly no breathlessness. Thirty pounds weight loss (240—210).

: 2
i

Figure 5. Case 5, Table 1. Shown here are large deposits of calcium
excised from the mitral annular region and the anterior mitral leaflet with a
bar of calcium across its ventricular aspect and two fragments of posterior
leaflet. The quantity of calcium in the mitral annular area was obviously
enormous.

patients had mitral stenosis, only mitral regurgitation and it is
likely that much heavier deposits of calcium are required to
obstruct the mitral orifice by annular calcium than to produce
only regurgitation. It is unlikely that the annular calcium
behind posterior leaflet extended across the ventricular sur-
face of anterior mitral leaflet in Ng’s patients as it did in the
patients described herein. Indeed Ng et al wrote: “Five
patients were excluded from (their) study due to severe calci-
fication of nearly the entire annulus...” None of Ng’s patients
had associated aortic stenosis, a feature in half of the patients
in the present study and something that tends to make the left
ventricular cavity smaller and probably the mitral orifice
smaller. Finally, none of Ng’s patients had mitral valve
replacement as did all the patients in the present study.

The mechanism of development of MAC and its com-
monly associated AS is not entirely clear but most likely is a
consequence of atherosclerosis, although that word would
have to be redefined to include MAC and AS under that head-
ing. Most young people living in the Western World have
yellow deposits on the undersurface of the posterior mitral
leaflet and fewer such deposits on the ventricular surface of
anterior mitral leaflet. Additionally, similar deposits occur on
the aortic aspects of the aortic valve cusps, whether its struc-
ture is tricuspid or bicuspid. In later life the lipid deposits
may transform into calcific deposits, and, depending on the
quantity of those deposits in the 2 valves, may or may not
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Figure 6. Case #9, Table 1. Shown here is a radiograph of the heart specimen at necropsy on the /eft and the actual specimen shown on the right. Both the
mitral and aortic valves were replaced because of stenosis. A large amount of calcium was removed from the mitral annular region at operation but there is
still a great deal of calcium left in that area. The more anterolateral portion of the mitral annulus had a communication between the cloth ring and the annulus
so there was a para-annular leak. Heavy calcific deposits are also seen in the epicardial coronary arteries.

Figure 7. Case 10, Table 1. Shown here are huge calcific fragments excised from the mitral annular region (/eft), the operatively excised aortic valve cusps
containing calcific fragments (fop right), and the ventricular aspect of anterior mitral leaflet (bottom right). About half of the anterior leaflet has a bar of cal-
cium extending across its ventricular aspect.

lead to symptoms of cardiac dysfunction. Because In conclusion, performing mitral valve replacement in
“atherosclerosis” preferentially affects the systemic arteries, the setting of massive MAC is both difficult and hazardous,
associated coronary narrowing in these patients is common. even more so when the aortic valve is also stenotic.
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Figure 8. Case 11, Table 1. Shown here is both the operatively excised mitral valve and the 3-cuspid aortic valve plus the numerous calcific fragments excised
from the mitral annular region. These fragments together weighed 4.72 g. Of course, not all the calcium in the mitral annular region was excised.
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