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Abstract

Background: Mitral annular calcification (MAC) represents an important risk factor in mitral valve (MV) surgery. Despite
several procedures have been described, no surgical treatment of choice has been yet established. Materials and Methods: A
systematic review of the literature and meta-analysis on patients undergoing MV surgery associated to MAC was performed.
The meta-analysis primary endpoints were 30-day mortality and late overall and cardiac-related mortality. Secondary end-
points were early reintervention, re-exploration for bleeding, postoperative pacemaker implantation, cerebrovascular accident,
atrioventricular groove rupture, acute myocardial infarction and late recurrences of mitral regurgitation (MR) or paravalvular
leak and reintervention. Primary and secondary endpoints were also evaluated in the subgroup analysis between MV repair
and replacement surgery. Meta-regression was used to analyze the influence of decalcification and annular reconstruction on
endpoints. Results: Among 1429 papers, 25 papers studying 1327 patients were included. In the pooled analysis, the 30-day
mortality event rate was 2.89% (95%Confidence Interval [CI], 1.48%-5.57%) and 7.72% (95%CI, 2.95%-18.71%) for MV repair
and replacement respectively. At mid-term follow-up, MV repair revealed a significantly lower incidence rate (IR) of death
compared to MV replacement (p=0.043), with a trend of higher reoperation IR compared to replacement (p=0.051) and a
trend of higher recurrent MR?2+ in MV repair (p=0.071). Annular reconstruction was associated with a significant increase in
re-exploration for bleeding at univariate analysis, but not at the multivariate meta-regression. Conclusions: The current meta-
analysis suggests that MV repair in MAC patients may provide better short and mid-term survival outcomes when compared
to replacement.

Introduction

Mitral annular calcification (MAC) is a chronic, degenerative process of the fibrous structure of the mitral
valve (MV)1,2 and its pathogenesis remains so far not fully understood. In addition to focal effects on mitral
function, MAC is also considered as a surrogate of cardiovascular risk factors3. The overall incidence of
MV annular calcification, based on echocardiographic screening in the Framingham study, is 2.8% in the
general population4. The prevalence of MAC in patients undergoing MV surgery is widely variable, and it
has been reported between 1.3%5,6and 19%7, depending on what is considered as MAC in terms of severity of
calcification. Diagnostic assessments (CT scans or echocardiography) revealed a prevalence of MAC between
8% and 15% in asymptomatic patients without a known cardiovascular disease8–10, but in elderly patients
with cardiovascular disease this value rises up to 42%11.

MAC most commonly affects the posterior anulus rather than the anterior4, while in severe cases it extends
as a bar all around the mitral annulus. In contrast with rheumatic valve disease, where commissures and
leaflets are primarily involved, MAC calcification primarily affects mitral annulus and only unfrequently it
extends to the mitral leaflets12, papillary muscles and the chordae tendineae13. It is more frequently observed
in the elderly, in renal failure patients, and in females4,7,14. MAC may be associated to degenerative primary
mitral regurgitation (MR) and less frequently it may also be the cause of MR by reducing the mobility and
surface of posterior mitral leaflet15. Traction on the chordae related to MAC may cause chordal elongation
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and rupture15,16. Loss of annular sphincter function has been also proposed to be an additional mechanism
of MR associated to MAC17,18.

The clinical importance of MAC in the general population lies in its association with an increased risk of
cardiovascular morbidity and mortality, while in cardiac surgery MAC has been associated with a significant
worsening of postoperative patient outcome19. In fact, MV reconstruction and replacement are jeopardized
by extensive MAC as it may preclude the correct placement of annular sutures, prosthetics ring and valves
leading to fearsome complications such as paravalvular leak (PVL), atrioventricular groove rupture and
coronary artery (circumflex) injury. In some cases, decalcification and annular reconstruction may be the
only option to achieve a successful procedure despite an important increase of operative complexity and
morbidity. If the calcification is left in-situ in order to avoid the complication of annular reconstruction,
repair of the MV may be particularly challenging with a higher incidence of MR recurrencies 3,19. In the last
decades, several procedures have been described to deal with MAC, but up to date there is no unanimous
consensus whether or not a decalcification should be systematically carried out, and if the mitral valve should
be preferentially repaired rather than replaced.

Materials and Methods

This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines20. The PRISMA flow diagram is presented in Figure 1. Pubmed,
MEDLINE, EMBASE and Cochrane databases were searched until March 2020 for publications reporting the
clinical outcome of patients undergoing MV procedures with MAC by using combinations of the keywords
“mitral”, “anulus”, “annular”, “calcification”, “decalcification” and “MAC”. In addition, the bibliography of all
studies and meta-analyses were searched to identify further articles, i.e. “backward snowballing”. Studies
were independently screened for inclusion by two authors (M.B. and R.D.P). In case of disagreement, a
consensus was reached with the aid of a third author (C.M.).

Inclusion criteria for analysis were sample size of at least 10 patients and English language. Studies were
excluded if dealing with endovascular procedures or emergency surgery for associated endocarditis. In case of
multiple publications from the same center, the study period was assessed. If there was an overlap between
years only the largest sample size was included, if they were not overlapping, the studies were not excluded.

The Newcastle-Ottawa Quality Assessment Scale for Cohort Studies was used for critical appraisal of the
quality of included studies21. The comparison evaluation points were excluded, as the included studies were
single arm. Thus, 6 stars was the highest possible score out of the 9. Studies were considered low quality if
< 4 stars, high quality if [?] 4 stars (Table 1).

Microsoft Office 365 Excel software (Microsoft, Redmond, Washington) was used for data extraction. Cat-
egorical variables were expressed as frequency, while continuous ones were reported as mean with standard
deviation. Data on study period, study center, country, type of surgery, sample size were retrieved. The
following patient characteristics were abstracted: age, female gender, diabetes, renal insufficiency, coronary
artery disease (CAD), reoperation status and atrial fibrillation.

The primary endpoints were 30 day and late overall and cardiac-related mortality. The secondary endpoints
were early surgical failure, early reintervention, re-exploration for bleeding, postoperative cerebrovascular
accident (CVA), pacemaker (PM) implantation, atrioventricular (AV) groove rupture, acute myocardial
infarction (AMI) and late surgical failure, reintervention and CVA.

For late outcomes a Poisson regression modelling was used to account for the studies’ different follow-
up times, assuming a constant event rate22. The total person-time of follow-up was calculated from the
total number of events and mean follow-up time. If the number of events was not obtainable from text
or tables, it was derived when feasible from visual inspection of the unadjusted Kaplan-Meier curves, or
otherwise using Engauge Digitizer software 12.1 (https://github.com/markummitchell/engauge-digitizer). A
log transformation to model the overall incidence rate (IR) and a random effect were used.
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For the other outcomes, the pooled event rates (PERs) or pooled event means (PEMs) with 95% Confidence
Interval [CI] were calculated using a random logistic regression model23–25.

Subgroup analyses were conducted to evaluate primary and secondary endpoints on MV replacement and
MV repair individually.

Univariable and multivariable (mixed effect) meta-regression was performed to explore the relation between
the surgical technique (decalcification and annulus reconstruction) and postoperative outcomes. Studies
were weighted by the inverse of the variance of the estimate for that study, and between-study variance was
estimated with restricted maximum-likelihood estimator (REML). The results were reported as regression
coefficient (i.e., beta).

Hypothesis testing for equivalence was set at the two-tailed 0.05 level. Heterogeneity was based on the
Cochran Q test, with I2values. In case of high heterogeneity (I2>75%), individual study inference analysis
was performed through a “leave-one-out” sensitivity analysis, Galbraith radial plot and extreme effect sizes
(outliner) analysis.

Funnel plots by graphical inspection and Egger regression test were used for assessment of publication bias.
Visual assessment and Duval and Tweedie’s trim and fill methods were used for further assessment.

All analyses were performed using R, version 3.6.2 (R Project for Statistical Computing) and RStudio
version 1.2.5042, using the “meta” and “metafor” packages.

Results

An outline of the systematic review process is shown in Figure 1. The literature search identified 1429
potentially eligible studies. Six additional articles were identified through backward snowballing. After
removal of duplicates, 837 studies were screened. Forty full text articles were assessed for eligibility. Twenty-
five articles5–7,14–16,26–44 met our inclusion criteria with a total of 1327 patients. The studies were published
from 1986 to 2020, and the sample size ranged from 11 to 124. Details of the individual studies are shown in
Table 1. Eleven studies reported outcomes of MV replacement (447 patients), 11 studies reported outcomes
of MV repair (501 patients), and 7 studies reported outcomes of a mixed population of both MV replacement
and repair (464 patients). One paper described the surgical experience in robotic MV surgery, and another
article a mixed experience of open and minimally invasive MV surgery. The pooled mean follow-up was
3.73 ± 0.60 years. Twenty-three studies of the included articles (23/25, 92%) reported concomitant surgical
procedures besides the MV intervention.

Meta-analysis

The PER for 30-day mortality was 4.72% (95% CI, 2.61%-8.38%). The IR for late overall mortality was
4.55%/year (95% CI, 3.03%/year-6.83%/year), the IR for late cardiac-related death was 1.79%/year (95%
CI, 0.84%/year-3.81%/year). Primary outcomes are summarized in Table 2.

Among the analyzed studies high heterogeneity (>75%) was detected for 30-day and late overall mortality.
At influence analysis, the studies by Roberts et al.27, D’Alessandro et al.37, Dietrich et al.38, Nataf et al.42
and Cammack et al.14 were found to be outliners for the 30-day mortality, while the studies by Hussain
et al.36, Roberts et al.27, Chan et al.7 and Saran et al.28 were found to be outliners for the late mortality.
The new PER for 30-day mortality and IR for late overall mortality after outliners removal was 3.29% (95%
CI, 1.94%-5.53%) and 3.61%/yr (95% CI, 2.49%/yr-5.23%/yr), respectively. Visual inspection of the funnel
plot and Egger test reported significant asymmetry for 30-day mortality (Egger test p-value = 0.00445), but
not for late mortality (Egger test p-value = 0.3989), suggesting possible publication bias for the analysis of
30-day mortality. The leave-one-out analysis, Galbraith radial plot, Baujat plot and funnel plot with trim
and fill method are depicted in Figures 2 and 3.

Secondary endpoints are summarized in Table 2, while pre-operative characteristics are summarized in Table
3.
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. Post-operative outcomes

In the pooled analysis of the outcomes for the MV repair vs. MV replacement subgroup the pooled mean
follow-up was 3.91 ± 0.58 years and 3.87 ± 0.74 years, respectively. Outcome analysis of MV repair vs.
MV replacement is summarized in Table 4. The PER for postoperative AMI was not calculated due to very
limited data available from the meta-analysis.

Meta-regression Analysis

Annular reconstruction was significantly and positively associated with re-exploration for bleeding at uni-
variate analysis, β=0.020, p=0.035, but at multivariate meta-regression there was only a positive trend,
β=0.009, p=0.076. Interestingly, annular reconstruction was significantly and negatively associated with
all-cause mortality at follow-up both at univariate and multivariate meta-regression (β=-0.0088, p=0.0050
and β=-0.0109, p=0.0021, respectively), suggesting annular reconstruction may reduce late mortality when
compared to decalcification. The frequency of decalcification and annular reconstruction didn’t show any
significant relation with any other postoperative event at the univariate and multivariate. Meta-regression
of early and late outcome variables are summarized in Table 5.

Discussion

Severe calcification of the mitral annulus poses considerable challenges to the surgeon during MV surgery.
Several surgical techniques have been described to approach this challenging condition and can be divided
into two main categories: MV surgery without annulus reconstruction and MV surgery with complete de-
calcification and annulus reconstruction.

In the first category, a variety of techniques have been described, like an intra-atrial insertion of the mitral
prosthesis42, an intra-annular placement of the prosthesis45,46, collar-reinforced valve implant without47 and
with48 partial debridement of MAC, insertion of the prosthesis at the leaflet level49,50, or around the calcium
bar37. However, all those techniques may be very challenging and do not prevent postoperative complications,
such as PVL, valve dehiscence, atrioventricular groove rupture, injury to the circumflex artery and calcium
embolism19.

Annular reconstruction after complete decalcification has been first described by Vander Salm followed by
others 41,51,52, but the most adopted technique has been described by Carpentier16. Two steps distinguish
this surgical technique: firstly, “en-block” decalcification and reconstruction of the annulus and secondly, the
valve repair or replacement. Although good long-term results have been reported, this procedure remains
very challenging and complex, in particular when calcifications extend into the left ventricle.

Many authors have suggested to reinforce the mitral annulus by using a variety of artificial or biological ma-
terial such as polytetrafluoroethylene or polyethylene terephthalate patch36, autologous pericardial patch53,
autologous anterior mitral leaflet54 and equine or bovine pericardium7,33.

It is unquestionable that the presence of MAC in MV surgery seriously impacts the patient’s outcomes in
terms of morbidity and mortality3. The 30-day mortality of MV surgery with MAC depicted by the present
meta-analysis showed a higher rate (4.72%) when compared to the Nationwide Inpatient Sample (NIS)
mitral valve surgery data set 55 (3.4%) and STS Adult Cardiac Surgery Database 56 (3.0%). The current
meta-analysis revealed that among the morbidities associated to MAC surgery, pacemaker implantation
(6.83%), postoperative surgical revision for bleeding (4.14%) and early reoperation (2.48%) for MV repair
failure or PVL are the most common complications. MAC has a negative impact on a successful MV repair:
4.10% of the MV repair procedures had to be converted to MV replacement intraoperatively, and early
postoperatively 5.46% of the patients resulted in significant MR recurrence (MR[?]2+), indicating the risk
of suboptimal results of MV repair. The meta-regression was able to find a positive significant association
between annular reconstruction and postoperative bleeding (p=0.035). However, as far as the early outcome
is concerned, the present meta-analysis showed a clear tendency of MV repair to be associated with a lower
30-day mortality when compared to MV replacement: 2.89% (95%CI 1.48%- 5.57%) vs. 7.72% (95%CI
2.95%-18.71%), respectively, p=0.097. Results in terms of early mortality should be taken into consideration

4
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. for the intention to treat strategy when MV leaflet may be suitable for repair despite the severe annular
calcification. In addition to the above-mentioned tendency of lower 30-day mortality, at late follow-up, MV
repair revealed a significantly lower IR of death compared to MV replacement (3.59%/yr vs. 7.93%/yr,
respectively, p=0.043), indicating that MV repair may offer a better mid-term survival compared to MV
replacement. On the other hand, patients with MAC undergoing MV repair showed a trend of a higher
reoperation IR compared to replacement (1.59%/yr vs. 0.80%/yr, respectively, p=0.051) and a trend toward
higher recurrency of MR[?]2+ compared to PVL in the replacement subgroup (1.57%/yr vs. 0.69%/yr,
respectively, p=0.071).

Of note, both at univariate and multivariate meta-regression annular reconstruction was significantly and
negatively associated with all-cause mortality at follow-up, suggesting annular reconstruction may reduce
late mortality.

Limitations

The current meta-analysis has some limitations and should be interpreted with caution since the two groups
(MV repair vs. replacement) differ in terms of several characteristics. Patients in the MV repair subgroup
were younger, had less cardiovascular risk factors and underwent fewer concomitant procedures when com-
pared to the replacement group. In addition, there were considerable differences in surgical strategies among
the studies analyzed with the tendency of each institution or surgeon to approach this pathology by means
of “original/personalized” techniques. The lack of standardization in both MV repair and replacement
technique may affect the reliability and generalizability of meta-analysis results.

As mentioned above, this meta-analysis includes an overall mixed population of patients that underwent
isolated and concomitant MV surgery. Only in two of the included studies28,29patients underwent isolated
mitral procedures, while in the remaining ones patients underwent different concomitant procedures. In
addition, mitral regurgitation was the predominant underlying valve disease, but a not negligible number of
patients suffered also from mitral stenosis. Both concomitant procedures and the mixed MV disease may
have influenced the outcome analysis.

Finally, in most of the studies, as a matter of intentional planned strategy decalcification was performed in
either all the patients or in none, and only in few studies authors reported a mixed approach (patients treated
with or without annular decalcification). From the statistical point of view, the fact the in most studies all
the patients were treated with a single strategy (all with/without decalcification) may have not provided
sufficient separate points to calculate the linear regression line accurately, thus negatively influencing the
meta-regression.

Conclusion

In conclusion, the current study provides insights about early and late outcomes of patients with MAC
undergoing mitral valve surgery. The current meta-analysis suggests that MV surgery in the presence of
MAC impacts the post-operative outcomes in terms of morbidity and mortality and that MV repair may
provide a better early and mid-term survival when compared to MV replacement. The study also showed
a great variability of surgical techniques for the treatment of the same disease, suggesting the need of
standardization of the surgical approach in order to improve the outcome of patients with MV disease
associated with MAC.
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Table 1 – Overview and The Newcastle-Ottawa Quality Assessment Scale of included studies

Study Year
Study
period

Study
Population Institution

MV
Repair/ReplacementSelection Outcome Total

Di
Stefano26

2020 2007-
2016

18 University
Hospital
of
Valladolid

Replacement *** *** ******

Roberts27 2019 2013-
2015

12 Baylor
Univer-
sity
Medical
Center

Replacement *** *** ******

Saran28 2019 2000-
2015

115 Mayo
Clinic

Replacement *** *** ******

Tomsic29 2019 2002-
2015

75 Leiden
Univer-
sity
Medical
Center

Repair *** ** *****

Loulmet30 2019 2001-
2017

64 NYU
Langone
Health

Repair *** ** *****

Salhiyyah31 2017 2001-
2011

45 University
Hospi-
tals
Southampton

Replacement *** *** ******

Ben-
Avi32

2017 2004-
2015

118 Sheba
Medical
Center

Replacement *** *** ******

Uchimuro33 2016 2004-
2013

61 Sakakibara
Heart
Institute

Both *** *** ******

Papadopoulos342015 1996-
2008

109 Johann-
Wolfgang-
Goethe
University

Both *** *** ******
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Study Year
Study
period

Study
Population Institution

MV
Repair/ReplacementSelection Outcome Total

Price6 2015 1999-
2008

24 The
Johns
Hopkins
Hospi-
tal,
Balti-
more
and
Univérsite
Catholi-
que de
Louvain

Both *** *** ******

Fusini35 2014 2008-
2012

99 Centro
Cardio-
logico
Monzino
IRCCS

Repair *** ** *****

Chan7 2013 2001-
2011

27 University
of
Ottawa

Repair *** *** ******

Hussain36 2013 2006-
2011

20 Cleveland
Clinic

Replacement *** *** ******

D’Alessandro372007 1995-
2005

124 Hopital
Pitie Salpétriére

Both *** *** ******

Dietrich38 2006 1995-
2003

81 JWG
Univer-
sitätsklinik
Frank-
furt am
Main

Both *** *** ******

Feindel15 2003 1985-
2000

54 University
of
Toronto

Both *** *** ******

Fasol5 2002 1993-
1998

30 IMC-
International
Innova-
tive
Medical
Care
Center

Repair *** *** ******

Ng39 2000 1990-
1998

37 General
Hospital
Wels

Repair *** *** ******

Vander
Salm40

1997 NR 19 University
of Mas-
sachusetts
Medical
School

Replacement *** *** ******
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Study Year
Study
period

Study
Population Institution

MV
Repair/ReplacementSelection Outcome Total

Carpentier16 1996 1986-
1994

68 Hopital
Broussais

Repair *** *** ******

Bichell41 1995 1980-
1993

14 Brigham
and
Women’s
Hospital

Repair *** *** ******

Nataf42 1994 1981-
1989

21 Hopital
de la
Pitie

Replacement *** *** ******

Grossi43 1994 1979-
1993

64 New
York
Univer-
sity
Medical
Center

Repair *** *** ******

Cammack14 1987 1979-
1986

11 Hospital
of the
Univer-
sity of
Pennsylvania

Both *** *** ******

Mills44 1986 1979-
1985

17 Multicenter Replacement *** *** ******

MV=Mitral Valve

Table 2 – Early and late outcomes

Outcome N. of Studies Effect 95% CI Heterogeneity: I2, p-value

30-day mortality 25 4.72% 2.61% - 8.38% 81.7%, p=0.002
Early reoperation 9 2.48% 1.48% - 4.15% 0%, p=0.997
Pacemaker implantation 9 6.83% 3.92% - 11.63% 72.6%, p=0.016
Postoperative CVA 12 1.92% 0.94% - 3.87% 46.2%, p=0.820
Postoperative AMI 4 1.52% 0.49% - 4.61% 0%, p=0.980
Re-exploration for bleeding 10 4.14% 1.99% - 8.41% 66.6%, p=0.256
AV groove rupture 11 1.22% 0.45% - 3.22% 55.5%, p=0.186
Late death 20 4.55%/yr 3.03%yr – 6.83%/yr 86.6%, p<0.001
Late cardiac death 12 1.79%/yr 0.84%/yr – 3.81%/yr 72.7%, p=0.258
Late reoperation 14 0.96%/yr 0.63%/yr – 1.47%/yr 39.5%, p=0.055
Late CVA 8 0.95%/yr 0.44%/yr – 2.05%/yr 65%, p=0.011

AMI=acute myocardial infarction; AV=atrioventricular; CI=Confidence Interval; CVA=cerebrovascular ac-
cident; yr=year

Table 3 – Subgroup patients preoperative and intraoperative characteristics

Characteristic Subgroup N. of Studies Proportion 95% CI Συβγρουπ διφφερενςε: χ
2
, π-vαλυε

Mean age Repair 10 66.55 63.57 - 69.67 3.96, p=0.0467
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. Characteristic Subgroup N. of Studies Proportion 95% CI Συβγρουπ διφφερενςε: χ
2
, π-vαλυε

Replacement 10 70.28 68.34 - 72.28
Diabetes Repair 4 4.76% 2.34% - 9.45% 25.45, p<0.0001

Replacement 6 26.70% 22.43% - 31.46%
CAD Repair 6 22.69% 13.97% - 34.68% 4.15, p=0.0416

Replacement 5 36.65% 30.56% - 43.20%
Severe MR Repair 9 99.41% 88.95% - 99.97% 10.11, p=0.0015

Replacement 10 50.61% 31.32% - 69.71%
Previous cardiac surgery Repair 3 5.53% 1.55% - 17.86% 5.84, p=0.0157

Replacement 7 24.26% 17.34% - 32.84%
Concomitant aortic valve procedure Repair 5 3.39% 1.18% - 9.40% 24.08, p<0.0001

Replacement 7 41.41% 29.72% - 54.16%
Concomitant tricuspid valve procedure Repair 6 6.52% 3.97% - 10.53% 1.08, p=2996

Replacement 6 12.00% 4.13% - 30.18%
Concomitant CABG procedure Repair 7 13.10% 5.39% - 28.52% 2.37, p=0.1233

Replacement 7 25.26% 19.59% - 31.92%

CABG=coronary artery bypass graft; CAD=coronary artery disease; CI=confidence interval; MR=mitral
regurgitation. Statistically significant differences are highlighted in bold.

Table 4 – Mitral valve repair vs. mitral valve replacement: outcome analysis

Outcome Subgroup N. of Studies Effect 95% CI Συβγρουπ διφφερενςε: χ
2
, π-vαλυε

30-day mortality Repair 13 2.89% 1.48% - 5.57% 2.75, p=0.097
Replacement 13 7.72% 2.95% - 18.71%

Early reoperation Repair 7 3.74% 2.18% - 6.33% 1.55, p=0.213
Replacement 4 1.85% 0.70% - 4.83%

Pacemaker implantation Repair 6 1.43% 0.03% - 42.36% 0.94, p=0.333
Replacement 3 9.25% 6.58% - 12.86%

Postoperative CVA Repair 5 2.05% 0.62% - 6.62% 0.08, p=0.778
Replacement 6 1.62% 0.53% - 4.86%

Re-exploration for bleeding Repair 4 1.10% 0.28% - 4.31% 2.42, p=0.120
Replacement 4 3.78% 1.81% - 7.72%

AV groove rupture Repair 4 2.86% 0.92% - 8.48% 0.04, p=0.833
Replacement 5 2.35% 0.55% - 9.43%

Conversion to MVR Repair 7 4.10% 2.36% - 7.02% -
Early MR ([?]2+) - PVL Repair 7 5.46% 3.29% - 8.93% 1.38, p=0.241

Replacement 4 2.17% 0.49% - 9.11%
Late death Repair 8 3.59%/yr 1.93%yr – 6.65%/yr 4.08, p=0.043

Replacement 11 7.93%/yr 5.01%/yr – 12.58%/yr
Late cardiac death Repair 3 3.78%/yr 2.28%/yr – 6.26%/yr 1.05, p=0.306

Replacement 5 2.06%/yr 0.72%/yr – 5.86%/yr
Late reoperation Repair 11 1.59%/yr 0.96%/yr – 2.63%/yr 3.81, p=0.051

Replacement 9 0.80%/yr 0.50%/yr – 1.28%/yr
Late MR ([?]2+) or PVL Repair 11 1.57%/yr 0.75%/yr – 3.32%/yr 3.27, p=0.071

Replacement 9 0.69%/yr 0.42%/yr – 1.13%/yr

AV=atrioventricular; CI=Confidence Interval; CVA=cerebrovascular accident; MR=Mitral regurgitation;
MVR=Mitral Valve Replacement; PVL=paravalvular leak; yr=year. Statistically significant differences are
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. highlighted in bold.

Table 5 - Univariate and multivariate meta-regression outcomes

Early outcomes (30-days)

Outcome No. Studies Decalcification % Annulus reconstruction %
Univariate Univariate Univariate Univariate
30-day mortality 25 -0.0041 ± 0.0067, 0.5426 -0.0046 ± 0.0050, 0.3645
AV groove rupture 11 -0.0073 ± 0.0147, 0.6228 0.0000 ± 0.0094, 0.9973
Re-exploration for bleeding 10 0.0203 ± 0.0153, 0.1852 0.0107 ± 0.0051, 0.0351
Postoperative CVA 12 -0.0017 ± 0.0103, 0.8675 -0.0012 ± 0.0061, 0.8424
Postoperative PM implantation 9 -0.0046 ± 0.0084, 0.5856 0.0016 ± 0.0061, 0.7926
Postoperative AMI 4 0.0037 ± 0.0124, 0.7663 0.0016 ± 0.0110, 0.8831
Multivariate Multivariate Multivariate Multivariate
30-day mortality 25 -0.0009 ± 0.0084, 0.9156 -0.0042 ± 0.0064, 0.5067
AV groove rupture 11 -0.0113 ± 0.0192, 0.5575 0.0043 ± 0.0122, 0.7233
Re-exploration for bleeding 10 0.0145 ± 0.0152, 0.3387 0.0093 ± 0.0053, 0.0763
Postoperative CVA 12 -0.0012 ± 0.0120, 0.9221 -0.0004 ± 0.0072, 0.9565
Postoperative PM implantation 9 -0.0074 ± 0.0104, 0.4801 0.0040 ± 0.0074, 0.5861
Postoperative AMI 4 0.0101 ± 0.0301, 0.7362 -0.0063 ± 0.0263, 0.8097
Late outcomes (FUP mean 3.73 ± 0.60 years) Late outcomes (FUP mean 3.73 ± 0.60 years) Late outcomes (FUP mean 3.73 ± 0.60 years) Late outcomes (FUP mean 3.73 ± 0.60 years)
Outcome No. Studies Decalcification % Annulus reconstruction %
Univariate Univariate Univariate Univariate
All-cause Mortality 20 0.0008 ± 0.0049, 0.8788 -0.0088 ± 0.0031, 0.0050
Cardiac-related mortality 12 0.0055 ± 0.0108, 0.6133 -0.0003 ± 0.0076, 0.9666
Reintervention 14 0.0250 ± 0.0217, 0.2482 0.0082 ± 0.0048, 0.0866
CVA 8 0.0051 ± 0.0191, 0.7876 0.0116 ± 0.0079, 0.1423
PVL 9 -0.0029 ± 0.0090, 0.7477 -0.0043 ± 0.0056, 0.4411
MR ([?]2+) 12 -0.0076 ± 0.0153, 0.6217 -0.0034 ± 0.0144, 0.8118
PVL or MR ([?]2+) 17 -0.0038 ± 0.0102, 0.7082 0.0018 ± 0.0081, 0.8245
Multivariate Multivariate Multivariate Multivariate
All-cause mortality 20 0.0069 ± 0.0051, 0.1750 -0.0109 ± 0.0036, 0.0021
Cardiac-related mortality 12 0.0142 ± 0.0170, 0.4013 -0.0080 ± 0.0120, 0.5040
Reintervention 14 0.0159 ± 0.0216, 0.4639 0.0070 ± 0.0052, 0.1839
CVA 8 -0.0059 ± 0.0201, 0.7703 0.0124 ± 0.0097, 0.2012
PVL 9 -0.0017 ± 0.0091, 0.8511 -0.0041 ± 0.0057, 0.4686
MR ([?]2+) 12 -0.0265 ± 0.0406, 0.5137 0.0178 ± 0.0353, 0.6148
PVL or MR ([?]2+) 17 -0.0068 ± 0.0116, 0.5605 0.0045 ± 0.0085, 0.6002

Results are expressed as β ± Standard Error, p-value. Positive beta reflects an increase in the event when the
frequency of the variable (decalcification or annular reconstruction) increases, while negative beta reflects
a decrease in the event with the increase in the frequency of the variable (significant only when p-value <
0.05).

AMI=acute myocardial infarction; AV=atrioventricular; CVA=cerebrovascular accident; FUP=follow-up;
MR=mitral regurgitation; PM=pacemaker; PVL=paravalvular leak

Figures titles

Figure 1 – Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

Figure 2 – A) Leave-one-out analysis B) Galbraith radial plot C) Baujat plot D) funnel plot with trim and
fill method for 30-day mortality

13



P
os

te
d

on
A

u
th

or
ea

28
M

ar
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

69
15

68
.8

94
11

48
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Figure 3 – A) Leave-one-out analysis B) Galbraith radial plot C) Baujat plot D) funnel plot with trim and
fill method for late mortality
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