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Background. Mitral annular calcification (MAC) is
associated with worse outcomes after mitral valve
replacement (MVR). With limited data available on long-
term outcomes, we reviewed our experience of MVR in
presence of MAC.

Methods. A retrospective review of 1,710 consecutive
patients who underwent MVR between January 2000 and
December 2015 was performed. Patients with isolated
primary MVR (n [ 496) were included, whereas patients
with concomitant cardiac surgery (n [ 1,068), previous
MVR (n [ 110), and mitral valve (MV) endocarditis (n [
36) were excluded. MV calcification was classified as
MAC present in anterior/posterior annulus and vertically
at the level of leaflets/subvalvular apparatus. A conser-
vative approach towards annular debridement was
followed.

Results. Our sample’s mean age was 64.4 ± 14.1 years,
and included 279 (56%) women. MV calcification was
observed in 169 (34%) patients with MAC in 115 (23%).
Older age, higher ejection fraction, peripheral vascular
disease, diabetes, dialysis, and previous aortic valve
surgery were associated with increased prevalence of
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MAC. Patients with MV calcification had higher stroke
rate (p [ 0.040), patients with anterior leaflet and
commissural calcification had higher pacemaker implan-
tation (p [ 0.010, p [ 0.001, respectively), and patients
with circumferential MAC had higher postoperative
dialysis (p [ 0.006). Operative mortality was not signifi-
cantly different (p [ 0.466) between MAC (n [ 1, 1%)
and non-MAC (n [ 9, 2%) patients. MAC was associated
with late mortality (unadjusted hazard ratio, 1.62; 95%
confidence interval, 1.20 to 2.18), though on multivariable
analysis age, diabetes, dialysis, hypertension, previous
aortic valve surgery, previous coronary artery bypass
grafting, and MVR with a bioprosthetic valve were found
to be independent risk factors for mortality whereas
MAC was not.
Conclusions. A conservative approach to treat MAC

achieves satisfactory results. Patients with MAC have
significant comorbidities contributing to a worse survival,
though MAC in itself is not a risk factor for mortality.

(Ann Thorac Surg 2019;107:444–52)
� 2019 by The Society of Thoracic Surgeons
alcification of the mitral valve apparatus is often seen
Cduring mitral valve (MV) surgery and has been
known to increase its complexity [1–3]. This can occur on
an annular level (mitral annular calcification [MAC]) and/
or vertical (leaflet or subvalvular apparatus) level [4].
MAC is a chronic degenerative process that involves the
fibrous skeleton supporting the MV [3–5]. It is associated
with advanced age, female sex, and increased risk of
cardiovascular disease, morbidity, and mortality [6–9].
Dr Daly discloses a financial relationship with Neo-
chord, Inc.

The Videos can be viewed in the online version of this
article [https://doi.org/10.1016/j.athoracsur.2018.07.098]
on http://www.annalsthoracicsurgery.org.

0003-4975/$36.00
https://doi.org/10.1016/j.athoracsur.2018.07.098

http://www.annalsthoracicsurgery.org/cme/home
http://www.annalsthoracicsurgery.org/cme/home
mailto:saran.nishant@mayo.edu
https://doi.org/10.1016/j.athoracsur.2018.07.098
http://www.annalsthoracicsurgery.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.athoracsur.2018.07.098&domain=pdf
https://doi.org/10.1016/j.athoracsur.2018.07.098


445Ann Thorac Surg SARAN ET AL
2019;107:444–52 MITRAL VALVE CALCIFICATION

A
D
U
L
T
C
A
R
D
IA
These patients present with increased MV dysfunction,
arrhythmias, and increased systemic atherosclerosis
[1, 2, 5, 10]. MV surgery in the presence of MAC is asso-
ciated with worse prognosis [1, 4, 11]. There are limited
data on long-term outcomes of patients with MAC who
receive mitral valve replacement (MVR). Our objectives in
this study were to describe the prevalence and perioper-
ative characteristics of MAC in patients operated upon for
isolated primary MVR and to evaluate the perioperative
and long-term outcomes in these patients.
Fig 1. (A) If mitral annular calcification is present towards the
interatrial septum, (B) post annular debridement, (C) it can be
approached from the right atrial side of the interatrial septum, (D)
being aware of the conduction bundle and atrioventricular node
(yellow color in the illustration).

C

Patients and Methods

We retrospectively analyzed the charts of 1,710 consecu-
tive patients who underwent MVR between January 2000
and December 2015. The study was approved by the
institutional review board at Mayo Clinic (Rochester,
MN). Patients with isolated primary MVR (n ¼ 496) were
included, whereas patients with concomitant cardiac
surgery (n ¼ 1,068), previous MVR (n ¼ 110), and active
MV endocarditis (n ¼ 36) were excluded. Baseline patient
characteristics were obtained from review of electronic
medical record and were reported based on definitions
set forth by The Society of Thoracic Surgeons Adult
Cardiac Database [12].

Operative notes were reviewed to ascertain the degree
of calcification of the MV, and the following classification
was used. At the horizontal (annular) level, calcium was
present either at the anterior annulus, posterior annulus,
commissures, and/or circumferentially. At the vertical
level (leaflet and subvalvular apparatus) calcium was
present at the anterior leaflet, posterior leaflet, sub-
valvular apparatus, and/or left ventricle myocardium. In
order to address the subjective nature of operative
reports, coronary angiograms were also reviewed, if
available (n ¼ 480) (Videos 1 and 2), to grade MV calci-
fication. The operative report and coronary angiogram
findings matched in 96% of the patients with a Cohen’s
kappa coefficient of 0.937 and, in the remaining 4%, the
calcification was usually found to be more extensive in
the coronary angiograms. The coronary angiograms were
limited by the evaluation of calcification only at a hori-
zontal level as vertical extent was difficult to gauge.
Because of a near complete overlap of findings and a
limitation of coronary angiograms with regard to vertical
extent of calcification, operative reports were used to
define calcification in this study.

Operative Approach
Patients either received a mechanical (n ¼ 268, 54.0%) or a
tissue (n ¼ 228, 46.0%) prosthetic valve. MVR was per-
formed using interrupted braided pledgeted sutures
placed through the mitral valve annulus. In most MVRs, a
conservative operative approach was followed. The
annulus was debrided and decalcified to the safe extent
possible to allow an adequately sized prosthesis to fit,
without compromising the integrity of the atrioventric-
ular groove or increasing the risk of injury to the
circumflex coronary artery or conduction tissues in/near
the areas of the fibrous trigones. Annulopapillary
continuity was maintained by saving as much subvalvular
apparatus as possible to decrease the risk of atrioven-
tricular groove disruption. Calcified and thickened leaflet
areas were excised. Pliable posterior leaflet was incorpo-
rated into the pledgeted sutures and anterior leaflet was
excised in most cases, though in some cases they were
imbricated within the sutures. In a few patients, where
extensive debridement was performed, the annulus was
reconstructed using a bovine pericardial patch (n ¼ 2)
and/or suture reconstruction of annulus with interrupted
pledgeted mattress sutures approximating the left atrial
wall to annulus (n ¼ 1). In the 2 patients with patch
reconstruction, artificial chords were placed connecting
the neoannulus to papillary muscles. In some patients
with a more extensive degree of calcifications, valvular
sutures were placed from the right atrial side of the
interatrial septum avoiding the conduction tissue (n ¼ 3)
(Fig 1) and/or from the aortic side (n ¼ 2) (Fig 2) to
minimize the risk of periprosthetic leak. When calcium



Fig 2. (A) If mitral annular calcification is located in the anterior
annulus at the aortomitral curtain, (B) post annular debridement, (C)
sutures can be placed through an aortotomy, (D, E) with pledgeted
sutures passing below the aortic annulus into the mitral prosthesis
sewing ring.
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was deemed too extensive to place any sutures, patients
underwent direct transatrial MVR using a modified
balloon-expandable Edwards-Sapien valve (n ¼ 3, direct
transatrial access, Fig 3) [13].
Statistical Analysis
Clinical features were described with mean (standard
deviation) or median (interquartile range) as appropriate
for continuous variables and number (percentage)
for categorical variables. Associations of baseline char-
acteristics and MAC were assessed with logistic regres-
sion. Cox models were used to determine independent
baseline and calcification factors associated with mortal-
ity. Multivariable models were developed using pur-
poseful selection with the additional inclusion of
etiological variables, testing all pairwise interactions, and
assessing linearity using splines. The proportional hazard
assumption was checked for each variable in the multi-
variable Cox model using the score test and visually with
the Schoenfeld residuals. Rates of long-term mortality
and reoperation were estimated with Kaplan-Meier
methods and mortality follow up was estimated with
the reverse Kaplan-Meier estimate. An alpha level of 0.05
was used to determine statistical significance and all an-
alyses were carried out in SAS version 9.4 (SAS Institute
Inc, Cary, NC).
Results

Mean age of the study group was 64.4 � 14.1 years and
279 (56%) were women. Calcification of MV was seen
in 169 (34%) patients. MAC was present in 115 (23%)
patients. In patients with MAC, posterior annular calci-
fication (n ¼ 91, 80%) was most common, followed by
commissural (n ¼ 62, 54%), anterior annular (n ¼ 36,
31%), and circumferential calcification (n ¼ 26, 23%).
Vertically, 120 (24%) patients had leaflet/subvalvular
calcification. Posterior leaflet calcification (n ¼ 102, 85%)
was the most common, followed by anterior leaflet
calcification (n ¼ 82, 68%), calcification of adjacent left
ventricle myocardium (n ¼ 9, 8%) and calcification of the
subvalvular apparatus (n ¼ 6, 5%) (Fig 4).
Baseline associations with MAC are shown in Table 1

(Univariate logistic regression). There were significantly
more patients with stenosis in the MAC group. A multi-
variable analysis (Table 2) found that older age, higher
ejection fraction, peripheral vascular disease, diabetes,
dialysis, and previous aortic valve surgery were inde-
pendently associated with higher odds of MAC, and
previous MV repair and presence of significant mitral
regurgitation were less likely in patients with MAC.

Operative and Early Outcomes
Operative and early outcomes of patients with and
without MAC are shown in Table 3. Patients with MAC
had a higher incidence of postoperative periprosthetic
leak (p ¼ 0.001), though only 4 patients (4%) had signifi-
cant periprosthetic leak at discharge. Patients with MV
calcification had a higher stroke rate (n ¼ 4, 2%, p ¼ 0.048)
post-surgery. When looking at patients with horizontal
level calcification, those with circumferential
MAC required more postoperative dialysis (n ¼ 3, 12%,
p ¼ 0.006) and those with commissural calcification
had higher rates of permanent-pacemaker/automated
implantable cardioverter-defibrillator (AICD) implanta-
tion (n ¼ 8, 13%, p < 0.001).
In patients with vertical calcification, those with

anterior leaflet calcification had higher pacemaker/
AICD implantation (n ¼ 8, 10%, p ¼ 0.016). We did not
find any significant difference in early mortality, renal
failure/dialysis, or stroke rate between patients with and
without vertical calcification.

Follow-Up and Long-Term Outcome
The median follow-up time was 7.75 (interquartile range,
1.21 to 13.46) years with maximum follow-up of 17.55
years. There were a total of 15 MV reoperations, with



Fig 3. Direct transatrial balloon-
expandable SAPIEN valve implan-
tation in a patient with severe mitral
annular calcification. (A) Mitral
valve is visualized and balloon
expandable valve is delivered and
positioned across the valve. (B, C)
Valve is deployed. (D) Final result
directly visualized. (Reprinted from
El Sabbagh and colleagues [13] with
permission from The European As-
sociation for Cardio-Thoracic
Surgery.)
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incidence of reoperation at 1 and 10 years being 0.5% and
5.7%, respectively. Reoperation rates for patients with
MAC were 0.0% and 4.4% at 1 and 10 years, respectively
(Fig 5). Reoperation due to peri-prosthetic leak took place
Fig 4. Mitral valve calcification. (Top row) Horizontal level calcification (m
(Ca ¼ calcification; LV ¼ left ventricle.)
in 2 patients (1 each in MAC and non-MAC patients).
There were 4 patients who needed a subsequent trans-
catheter closure of periprosthetic leak (3 in MAC and 1 in
non-MAC patients).
itral annular calcification). (Bottom row) Vertical level calcification.



Table 1. Baseline Characteristics (MAC Versus Rest)

Preoperative Characteristics MVR Without MAC (n ¼ 381) MVR With MAC (n ¼ 115) p Value

Age at surgery, years, mean (SD) 62.8 (14.3) 69.9 (11.8) <0.001
Ejection fraction, %, mean (SD) 57.3 (11.8) 61.2 (9.1) 0.002
Body mass index, kg/m2, mean (SD) 28.1 (6.0) 29.1 (7.4) 0.173
Female sex, n (%) 201 (52.8) 78 (67.8) 0.005
Smoking status, n (%) 0.102

Never 145 (38.1) 46 (40.0)
Former 137 (36.0) 40 (34.8)
Current 43 (11.3) 5 (4.3)
Unknown 56 (14.7) 24 (20.9)

Diabetes, n (%) 58 (15.2) 31 (27.0) 0.005
Dyslipidemia, n (%) 260 (68.2) 84 (73.0) 0.328
Renal failure, n (%) 10 (2.6) 12 (10.4) <0.001
Dialysis, n (%) 2 (0.5) 5 (4.3) 0.011
Chronic lung disease, n (%) 61 (16.0) 29 (25.2) 0.026
Peripheral vascular disease, n (%) 19 (5.0) 14 (12.2) 0.009
Cerebrovascular accident, n (%) 32 (8.4) 12 (10.4) 0.502
Previous myocardial infarction, n (%) 45 (11.8) 14 (12.2) 0.916
Hypertension, n (%) 224 (58.8) 75 (65.2) 0.218
Coronary artery disease, n (%) 122 (32.1) 46 (40) 0.118
Ejection fraction < 40%, n (%) 36 (9.7) 3 (2.7) 0.026
Non-elective surgery, n (%) 43 (11.3) 10 (8.7) 0.432
Previous cardiac surgery, n (%) 187 (49.1) 36 (31.3) <0.001
Previous aortic valve surgery, n (%) 35 (9.2) 23 (20) 0.002
Previous mitral valve repair, n (%) 133 (34.9) 14 (12.2) <0.001
Previous tricuspid valve surgery, n (%) 8 (2.1) 3 (2.6) 0.746
Previous coronary artery bypass grafting, n (%) 82 (21.5) 17 (14.8) 0.115
Degenerative etiology, n (%) 86 (23) 34 (30) 0.125
Rheumatic etiology, n (%) 136 (36) 42 (37) 0.871
Ischemic etiology, n (%) 33 (9) 3 (3) 0.028
Myxomatous etiology, n (%) 148 (39) 42 (37) 0.653
Other etiology, n (%) 226 (59) 41 (36) <0.001
Mitral stenosis, n (%) 158 (41.5) 65 (56.5) 0.005
Mitral regurgitation, n (%) <0.001

None 2 (0.5%) 5 (4.3%)
Trivial/trace 10 (2.6) 9 (7.8)
Mild 37 (9.7) 20 (17.4)
Moderate 58 (15.2) 17 (14.8)
Severe 274 (71.9) 64 (55.7)

p values are from univariate logistic regression predicting mitral annular calcification (MAC).

MVR ¼ mitral valve replacement.
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Patients with MAC had significantly worse survival
(unadjusted hazard ratio [HR], 1.62; 95% confidence
interval, 1.20 to 2.18; p ¼ 0.002) with 1-, 5-, and 10-year
survival as 87.8%, 61.2%, and 35.2%, respectively (Fig 6).
In multivariable analysis, independent risk factors of
mortality for the whole study group were older age, dia-
betes, dialysis, hypertension, previous aortic valve surgery,
previous coronary artery bypass grafting, and MVR with a
bioprosthetic valve. MAC was not found to be an inde-
pendent risk factor for mortality, with a HR of 1.3 (p ¼ 0.10)
(Fig 7).
Comment

This study, involving a cohort of isolated primary MVR,
found the prevalence of MAC at 23%. Older age, higher
ejection fraction, peripheral vascular disease, diabetes,
dialysis, and previous aortic valve surgery were associ-
ated with increased prevalence of MAC. Patients with
MAC had worse survival, though MAC itself was not
found to be an independent predictor of late mortality.
The reported prevalence of MAC in the general pop-

ulation is between 8% and 15% [6, 14–16]. MAC was



Table 2. Multivariable Analysis: Baseline Characteristics Predicting MAC

Effect Reference Odds Ratio
Wald 95%

Confidence Limits p Value

Age 1 year 1.051 1.029 1.073 <0.001
Ejection fraction 1% 1.035 1.008 1.062 0.010
Sex Male vs female 0.702 0.405 1.217 0.208
Diabetes Yes vs no 2.043 1.138 3.665 0.017
Dialysis Yes vs no 16.727 2.699 103.657 0.003
Peripheral vascular disease Yes vs no 2.995 1.270 7.064 0.012
Previous aortic valve surgery Yes vs no 3.375 1.611 7.068 0.001
Previous mitral valve repair Yes vs no 0.252 0.124 0.514 <0.001
Mitral regurgitation 0.005

Trivial/trace vs none 0.228 0.027 1.904 0.172
Mild vs none 0.088 0.013 0.596 0.013
Moderate vs none 0.074 0.011 0.497 0.007
Severe vs none 0.056 0.009 0.353 0.002

MAC ¼ mitral annular calcification.
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present in 23% of our patients. This is higher than the
Japanese series [17] in which only 7.2% of the MVRs had
evidence of MAC. This may be reflective of ethnic dif-
ferences in the prevalence of MAC, as brought out by the
Multi-Ethnic Study of Atherosclerosis [6, 9] with a much
higher prevalence of MAC reported in white patients.

The Multi-Ethnic Study of Atherosclerosis found the
baseline preoperative characteristics of age, female sex,
Table 3. Operative and Early Outcomes (MAC Versus Rest)

Operative and Postoperative Outcomes MVR Without

Cross-clamp time, minutes, median (IQR) 48 (3
Bypass Times, minutes, median (IQR) 69 (5
Intraoperative, TEE, periprosthetic leak, n (%)

Missing
Mild 18 (
Moderate 0 (
None 358 (

At discharge, TTE, periprosthetic leak, n (%)
Missing 2
Indeterminate 1 (
Mild 10 (
Moderate 1 (
None 342 (

Hospital stay, days, median (IQR) 7 (5
New dialysis required, n (%) 8 (
Permanent pacemaker/automated implantable

cardioverter-defibrillator, n (%)
15 (

Stroke - permanent, n (%) 4 (
Stroke - transient ischemic attack, n (%) 2 (
Reoperation for bleeding, n (%) 9 (
Atrioventricular groove disruption, n (%) 3 (
Operative mortality, n (%) 9 (

a Wilcoxon test. b Fisher exact test. c Chi-square test.

IQR ¼ interquartile range; MAC ¼ mitral annular calcification; MVR
TTE ¼ transthoracic echocardiogram.
diabetes, and body mass index to be significantly associ-
ated with MAC [6].
The present study also found age and diabetes to be

associated with MAC. Female sex, though associated
univariately, was not associated with MAC on multivari-
able analysis.
This study did not find any association between

coronary artery disease, previous myocardial infarction,
MAC (n ¼ 381) MVR With MAC (n ¼ 115) p Value

7–64) 54 (40–78) 0.004a

3–95) 82 (54–108) 0.040a

<0.001b

5 4
5) 18 (16)
0) 3 (3)
95) 90 (81)

0.001b

7 11
0) 2 (2)
3) 7 (7)
0) 4 (4)
97) 91 (88)
–8) 7 (6–9) 0.019a

2) 6 (5) 0.077c

4) 8 (7) 0.177c

1) 1 (1) 1.000b

1) 0 (0) 1.000b

2) 5 (4) 0.331b

1) 0 (0) 1.000b

2) 1 (1) 0.466b

¼ mitral valve replacement; TEE ¼ transesophageal echocardiogram;



Fig 5. Mitral valve reoperation. (CI ¼ confidence interval;
HR ¼ hazard ratio; Pts ¼ patients.)

Fig 7. Forest plot, independent risk factors for mortality in entire
study cohort (multivariable analysis). (AV ¼ aortic valve surgery;
CABG ¼ coronary artery bypass grafting; CI ¼ confidence interval;
HR ¼ hazard ratio; PVD ¼ peripheral vascular disease.)
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or dyslipidemia and MAC, though we did find periph-
eral vascular disease as an independent predictor for
MAC.

Chronic renal failure has been associated with
MAC [16, 18]. There is some evidence that altered
calcium–phosphorous metabolism due to chronic kidney
disease predisposes to MAC [16, 19]. This is consistent
with our findings as preoperative renal failure and dial-
ysis were found to be associated with MAC.

Abudiab and colleagues found patients with more
severe MAC to have higher ejection fraction [20]. This
correlates with our finding of higher left ventricular
ejection fraction in MAC patients. This likely indicates
the association of MAC with diastolic dysfunction
with preserved left ventricle function, as compared with
non-MAC patients, who were associated with more
significant mitral regurgitation and left-sided systolic
heart failure. Some studies have found aortic stenosis,
hypertrophic cardiomyopathy, and hypertension to be
associated with MAC [3–5]. Altered left-ventricle systolic
pressure in such patients increases MV stress, which
contributes to annular tension and degeneration [3]. In
this study, previous aortic valve surgery was significantly
Fig 6. Kaplan-Meier survival curves: MAC versus non-MAC.
(CI ¼ confidence interval; HR ¼ hazard ratio; MAC ¼ mitral annular
calcification; Pts ¼ patients.)
associated with MAC possibly because of this altered MV
stress.
In operative outcome, postoperative heart block and

need for permanent pacemaker has been found in 8% to
25% of patients with MAC [11, 17]. In this study, patients
with anterior leaflet and commissural calcification had
increased pacemaker/AICD implantation, though pa-
tients with MAC as a whole did not. This could be
explained by increased chances of encroaching upon the
conduction area in such patients either during debride-
ment of annulus or placement of stitches. Postoperative
renal failure has been reported in 2% to 5% of patients
with MAC [11, 17]. In this study, no significant increase in
postoperative dialysis was seen in MAC patients, though
patients with circumferential MAC had an increased
incidence (p ¼ 0.006) of postoperative new dialysis. This
could be reflective of the more severe nature of disease in
this specific subset of patients.
Studies including those involving extensive annular

reconstruction have found postoperative stroke rates
ranging from 3.5% to 5.5% [11, 17]. In the present study,
stroke rate in MAC patients was 1%, which was not
significantly different from non-MAC patients. Never-
theless, we did find significantly higher postoperative
stroke in the larger subset of patients with any MV
calcification (2%, p ¼ 0.048). This could be due to embo-
lization of calcium debris post-debridement of the
annulus/valvular apparatus. It is therefore imperative to
irrigate the field extensively with saline to ensure that no
loose calcium debris is left behind.
In the current era, operative mortality for isolated

MVR is between 1% and 6% [21, 22]. MAC has been
associated with increased perioperative morbidity and
mortality, with early mortality ranging from 9% to 28%
[11, 23, 24]. Most of these studies either involved exten-
sive patch reconstruction of the annulus [11, 23] or no
debridement of the annulus with sutures placed around
the calcified annulus [24]. With the increased mortality
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and the complexity of such surgery, surgeons have also
developed alternate solutions to treat such patients. Use
of ultrasonic debridement of MV calcification [25],
intraatrial placement of MV prosthesis [26], and patch-
glue annular reconstruction [27] have been described.
There are limited data, however, about a more conser-
vative approach involving debridement of annulus as
needed to place a sufficiently-sized prosthesis without
compromising atrioventricular groove integrity, injuring
the coronary artery, or encroaching upon the conduction
area [28]. Nezic and associates [29] have described a
technique of MVR with posterior transposition of ante-
rior leaflet to help cover and buttress the partially
decalcified posterior annulus. Coselli and Crawford [30]
suggested the securing of the MV prosthesis to leaflet
tissue without sacrificing the subvalvular apparatus,
although this came with the evident drawback of MVR
with a smaller prosthesis. This study with a conservative
operative approach found no difference in operative
mortality between patients with and without MAC. The
increased cross-clamp and bypass times seen in patients
with MAC in this study is reflective of the time needed
to debride/decalcify the annulus and the increased
complexity of surgery in such patients.

In patients with MAC, there is a concern about peri-
prosthetic leak and the subsequent risk of reoperations
[1]. Fiendel and colleagues [11] saw only 4 reoperations in
their study with extensive annular reconstruction, and
none because of periprosthetic leak. In the present study,
although there was an increased incidence of significant
periprosthetic leak at discharge in MAC patients
compared with non-MAC patients (4%, p ¼ 0.001), only 3
reoperations took place in MAC patients (which included
1 due to periprosthetic leak). Transcatheter closure of
periprosthetic leak was successfully performed in 3 other
patients in the MAC group, suggesting that transcatheter
options remain a viable tool to manage residual peri-
prosthetic leak in these otherwise difficult-to-treat
patients. This also emphasizes that patients who have
residual periprosthetic leak need to have an informed
follow-up. In patients with more extensive calcification,
we have also developed alternate strategies of valvular
suture placement, such as from the right atrial and/or the
aortic side (as described in Figs 1 and 2), in particular to
counter the risk of periprosthetic leak.

In situations when calcification is too extensive to adopt
a conservative approach, alternative solutions like trans-
catheter MVR [13, 31] or bypass of a stenosed and heavily
calcified MV with a left atrial to left ventricular valved
conduit [32] have been sought. Our experience with
transcatheter MVR has shown that it is a viable solution
for these otherwise difficult-to-treat patients, with grati-
fying early results [13, 31]. An evolving transcatheter
technology should make this approach even more
attractive in the near future [31, 33].

Data on long term survival of patients with MAC post
MVR are limited. In this study, the 1-, 5-, and 10-year
survival of MAC patients post MVR was 87.8%, 61.2%,
and 35.2%, respectively. Fiendel and colleagues reported
similar survival (65% � 8% at 8 years), though a large
number of the patients (n ¼ 12 of 54) received MV repair
[11]. Uchimuro and associates [17] reported a survival of
75.6% � 6% at 5 years (57 replacements, 4 repairs);
however, the patient population differed significantly
from our study. Only 3.6% of the MVRs in the Uchimuro
and colleagues study had a previous aortic valve surgery,
whereas 20% of MAC patients in this study had a previ-
ous aortic valve surgery. This assumes greater impor-
tance, as previous aortic valve surgery besides age,
diabetes, dialysis, hypertension, previous coronary artery
bypass grafting, and MVR with a bioprosthetic valve were
identified as independent risk factors for mortality in our
study. The worse survival (unadjusted HR, 1.6) seen in
MAC patients in the present study appears to be due to
increased comorbidities (older age, diabetes, dialysis,
peripheral vascular disease, and previous aortic valve
surgery) present in MAC patients. MAC in itself was not
found to be an independent risk factor for mortality.

Limitations
This study is a retrospective analysis in a highly selected
group of patients in a single institution. The analysis
involving incidence and associations for MAC may
therefore be subject to selection bias. This was a
compromise to achieve the more precise objective of
evaluating MAC in patients requiring MVR. We also
acknowledge our inability to accurately distinguish
rheumatic from degenerative MV disease in this study.
The assessment of MV calcification is based on the sur-
geon’s operative note and is therefore subjective in na-
ture. We also acknowledge that there would be patients
who might have developed periprosthetic leak, and not
required a reoperation, which we have not been able to
account for. Last but not least, this study includes MVR
done by more than 1 surgeon and hence the approach to
annular debridement and preservation of leaflet/sub-
valvular apparatus might have been variable, though the
principles followed were the same as outlined earlier.

Conclusion
Presence of MV calcification in patients receiving MV
replacement is associated with increased perioperative
morbidity. A conservative operative approach to treat
MAC achieves satisfactory results. Presence of significant
comorbidities in patients with MAC contributes to a
worse survival, though MAC in itself is not a risk factor
for mortality.
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