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Background: Severe mitral annulus calcification (MAC) is believed to bear high operative
and post-operative risk during mitral valve replacement (MVR) surgery, including longer
surgery time, post-surgical valvular leaks and increased rate of embolic phenomena. We
hypothesized that quantification of mitral calcium in pre-operative chest computerized
tomography (CCT), performed to assess aortic root before cross-clamping may help in risk
assessment of adverse intraoperative and postoperative outcomes in patients undergoing
MVR.

Methods: We included patients who underwent MVR between the years 2015 and 2018 at
Poriya medical center. Preoperative CCT was performed using Philips iCT 256 and Agatston
mitral annulus calcium score (MACS) was retrospectively calculated using Philips
Intellispace portal version 8.0. Patients were divided into MACS quintiles; 1-3 quintiles
were grouped (Low MACS) and compared to the 4-5 quintiles (High MACS) group for
demographic, clinical operative and post-operative parameters.

Results: A total of 66 patients had MVR, out of which 61% were males, with mean age of
64+9. Concomitant coronary or valvular procedures were done in 60% of patients. The
median MACS was 43. High MACS (>854) was not associated with longer bypass or cross
clamp times. No differences in the MVR results were found between the groups. There were
6 post-operative embolic events; 1 mesenteric and 5 cerebral, which were not associated with
MACS.

Conclusion: MACS did not seem to be related to adverse outcomes in MVR. Due to a low
event rate and probable pre-selection of patients without extreme mitral annulus calcifica-
tions our results should be confirmed in larger prospective study.
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Introduction

Mitral annulus calcification (MAC) is a chronic, non-inflammatory, degenerative
process in the fibrous base of the mitral valve. MAC is most commonly asympto-
matic and incidental finding." Recently, there has been accumulating evidence that
other mechanisms, such as atherosclerosis and abnormal calcium-phosphorus meta-
bolism, also contribute to the development of MAC.' The mitral annulus (Figure 1),
which is typically flexible becomes thicker and less flexible. The posterior annulus
is most commonly affected. Calcific masses often extend as far as 3.5 cm into the
adjacent myocardium and often project superiorly toward the atrium and centrally
into the cavity of the left ventricle.® Figure 2 shows calcium in the mitral valve, A -
Patient without MAC, B - Patient with MAC.
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Figure | Mitral anatomy model. Viewed from the left atrium (Surgeon’s View).
Anterior (A), Posterior (P) leaflet scallops numbered from [-3, from lateral to
medial.

The prevalence of MAC is 8-15%, and significantly
increases with advanced age, female sex, in patients with
multiple cardiovascular risk factors and with chronic kid-
ney disease (CKD).>” Calcification of the mitral annulus
increases in situations where there is increased stress on
the annulus and the valve.? Additionally, other conditions
contributing to LV hypertrophy, including hypertension
and aortic stenosis, and prior chest irradiation in combina-
tion with aortic valve disease and restrictive cardiomyo-
pathy are known to be risk factors of MAC.* Furthermore,
studies
observed a strong association between the presence of

several large-scale, community-based cohort
MAC and AF.° This association is independent of baseline
clinical risk factors for AF and of the development of
MAC

might also interrupt the interatrial and intra-atrial conduc-

interim myocardial infarction or heart failure.®

tion processes, leading to conduction system and atrial
conduction defects, thus resulting in AF.’

Several clinical implications have been associated with
MAC, including cardiovascular disease, mitral valve dis-
ease, and arrhythmias. Severe MAC present among quarter
of patients referred for mitral valve surgery has implica-
tions for the complexity of mitral valve operations.®

According to the current 2021 ESC/EACTS guidelines,
a well-established indication of cardiac CT for valvular
heart disease includes preoperative assessment of aorta
and coronary artery evaluation.” However, the excellent
resolution of cardiac CT is a great benefit in other aspects

as evaluation of anatomical structures and geometry.

Leaflet calcification and MAC cannot only be visually
assessed, but also can be measured quantitatively using
Agatston scoring and visualization of its extent and loca-
tion. Furthermore, cardiac CT has been used for the geo-
metric assessment of the MV apparatus and LV remodeling
to help determine the mechanism of functional MR.'°

Our objectives were to investigate if quantification of
mitral calcium in pre-operative chest computerized tomogra-
phy (CCT) done to assess aortic root before cross-clamping
may help in risk assessment for intraoperative and postopera-
tive adverse outcomes in patients undergoing MVR.

Materials and Methods

This single center retrospective cohort study was approved
by the Institutional Research Ethics Board (IRB) at Poriya
Medical Center (0099-14-POR). The IRB approved that
patients’ consent was not required for this historical retro-
spective study include only de-identified data.

Patient Selection

We included patients 18 years and older, who underwent
MVR between June 2015 and June 2018 at Poriya medical
center.

Pre-Operative Chest Computer
Tomography

All the CT scans were performed utilizing Brilliance iCT
256-slice scanner, Philips Healthcare. The Ca score scan
was acquired in the craniocaudal direction starting at the
carina and ending under the diaphragm.

Technical parameters: collimation: 128%0.625 mm;
voltage: 120 kV, rotation time 0.36. Scans were recon-
structed with an effective section thickness of 1.5 mm.
Acquisition was performed during an inspiratory breath-
hold while the ECG was recorded simultaneously to allow
retrospective gating of the data (Figure 3A and B).

Outcome Variables

We examined 2 sets of variables: (1) Intraoperative;
bypass time, cross-clamp time and (2) Postoperative;
thromboembolic events, re-operation, length of stay
(LOS), In-hospital mortality, post-operative MR grade
and gradients.

Statistical Analysis
Categorical variables were presented as frequency (percen-
tage) and Continuous variables were presented as median,
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Figure 2 Slab image at the level of the mitral valve. Right images - virtual reality endoscopic reconstruction in 3D looking from the roof of the left atrium towards the mitral
valve, showing calcium in in silver. Left images: Heart CT scan. (A) Patient without MAC, (B) Patient with MAC.
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ure 3 Mitral annulus calcium scoring. (A) Low calcium score. (B) High Calcium Score.
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Table | Patient Characteristics by Mitral Calcium Score

Total Low MACS; QI-Q3 High MACS; Q4-Q5 p-value
Cohort n =40 n =26
Mitral Calcium score (Agatston units), 43 (0-862) 0 (0-0) 1024 (487-2394) <0.001
median, (IQR)
Agatston units, Range 0-14,564 0-131 143—-14,561
Mitral annulus calcification type
Posterior, n, (%) 20 (30) 6 (15) 14 (54)
Anterior, n, (%) 8 (12) I (3) 7 (27)
Circumferential, n, (%) 2(3) 0 (0) 2 (8)
Horseshoe, n, (%) 4 (6) 1 (3) 3(1
Age (years), median, (IQR) 66 (58-70) 65 (58-70) 66 (40-71) NS
Sex (male), n, (%) 40 (64) 29 (72) Il (42) 0.02
Diabetes Mellitus, n, (%) 27 (44) 13 (33) 14 (54) 0.09
Hypertension, n, (%) 48 (77) 30 (75) 18 (69) NS
Hyperlipidemia, n, (%) 36 (58) 22 (55) 14 (54) NS
Chronic Renal Failure, n, (%) 17 (27) 11 (28) 6 (23) NS
Creatinine (mg/dl), median, IQR 0.9 (0.7-1.1) 0.9 (0.8-1.2) 0.9 (0.6—1.1) NS
COPD, n, (%) 5 4 (10) I (4) NS
CVA, n, (%) 5 5(13) 0(0) 0.06
Rheumatic Heart Disease, n, (%) 2(3) 2 (5) 0 (0) NS
Prior Myocardial Infarction, n, (%) 16 (26) 8 (20) 8 (3I) NS
Previous Heart Surgery, n, (%) 1 (2) 0 (0) 1 (4) NS
Pre-Operative Echocardiography
LVEDD, mm, median, (IQR) 56 (52-61) 56 (53-60) 55 (49-62) NS
LVESD, mm, median, (IQR) 38 (34-44) 38 (35-46) 34 (33-41) NS
LVEF, %, median, (IQR) 50 (45-54) 50 (45-55) 49 (45-50) NS
LASd, mm, median, (IQR) 48 (44-55) 47 (43-20) 50 (47-57) 0.002
RVSP, mmHg, median, (IQR) 41 (34-53) 40 (34-48) 44 (35-57) NS
Indication for surgery
MS, n, (%) 22 (35) 13(33) 8 (31) NS
MR, n, (%) 36 (58) 20(50) 16 (62) NS
MR+AS, n, (%) 8 (13) 6 (15) 2(8) NS
Concomitant surgery, n, (%) 49 (79) 30 (75) 19 (73) NS

Abbreviations: AS, aortic stenosis; COPD, chronic obstructive lung disease; CVA, cerebro vascular accident; IQR, interquartile range; LASd, left atrial systolic diameter;
LVEF, left ventricle ejection fraction; LVESD, left ventricle end systolic diameter; MAC, mitral annulus calcification; MS, mitral stenosis; MR, mitral regurgitation; RVSP, right

ventricular systolic pressure; TIA, transient ischemic attack.
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interquartile range (IQR). Patients were divided according to
their preoperative MACS, grouping the three lowest quin-
tiles (Low MACS) and the two highest (High MACS). We
used the ANOVA Kruskal-Wallis test to compare subgroups
pre, intra and post-operative parameters as normal distribu-
tion could not be assured. Categorical variables were com-
pared using Fisher’s exact test.

Statistical significance was considered to be two-sided
p-values of <0.05. All data were analyzed with MedCalc
Statistical Software version 18.11.3 (MedCalc Software
Ltd, Ostend, Belgium; https://www.medcalc.org; 2019).

Results
A total number of 66 patients had mitral valve surgery
during the study period. Baseline characteristics of the

Table 2 Outcomes of Mitral Heart Surgery

cohort are present in Table 1. In the total cohort, the
mean age was 64+9 years and 64% of the patients were
males. The majority of patients were hypertensive (77%)
and had hyperlipidemia (58%). Concomitant coronary or
valvular procedures were done in 79% of patients
(Table 1).

In the total cohort, MACS ranged between 0 and
14,564. Forty patients had low median MACS (0, [IQR
0-07]), with MACS ranging from 0 to 131 and 26 patients
had high median MACS (1024, [IQR 487-2394]), with
MACS ranging from 143 to 14,561.

Higher prevalence of female, patients with diabetes
mellitus, patients with prior myocardial infarction and
previous heart surgery were found in the high MACS
group (Table 1). In the low MACS group, there was higher

Total n = 66 Low MACS; QI-Q3 n =40 High MACS; Q4-Q5 n = 26 p-value

Mitral valve repair, n, (%) 14 (21) 11 (28) 3(12) NS
Bypass time, min, median, (IQR) 127 (113-147) 128 (113-149) 121 (113-143) NS
Cross-clamp time, median, (IQR) 96 (81-117) 96 (84-116) 95 (80-117) NS
MAC intervention, n, (%)

Decalcification 47 (32( 26 (65) 21 (81) NS

Annular plication 14 (21) Il (28) 3(12) NS

Pericardial patch 0 (0) 0 (0) 0 (0) NS
AV groove disruption 0 (0) 0 (0) 0 (0) NS
LVOT obstruction, n, (%) 0 (0) 0 (0) 0(0) NS
Permanent pacing, n, (%) 1 (2) 1 (3) 0(0) NS
Hospital stay, days, median, (IQR) 9 (8-11) 10 (8-11) 9 (8-11) NS
Creatinine, mg/dl, median, (IQR) 0.9 (0.8-1.1) 1.0 (0.9-1.2) 0.8 (0.6-1) 0.0025
CVA, n, (%) 5(8) 5(13) 0 (0) NS
TIA, n, (%) 0 (0) 0 (0) 0 (0) NS
Other Embolism, mesenteric n, (%) 1 (2) 0 (0) 1 (4) NS
Hemodialysis, n, (%) 6 (10) 5(13) 1 (4) NS
Re-thoracotomy, n, (%) I (2) 0 (0) 1 (4) NS
In-Hospital mortality, n, (%) I (2) 1 (2) 0 (0) NS
Post-operative Echocardiography NS
MR PVL grade, median, (IQR) 0 (0-1) 0 (0-0) 0 (0-1) NS
Mitral mean gradient, median, (IQR) 4 (3-6) 4 (3-6) 5(2-6) NS

Abbreviations: CVA, cerebro vascular accident; IQR, interquartile range; MAC, mitral annulus calcification; TIA, transient ischemic attack.
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prevalence of patients with chronic obstructive lung dis-
ease (COPD), prior cerebro-vascular accident (CVA) and
patients with rheumatic heart disease.

Pre-procedure echocardiographic variables were simi-
lar between the low and high MACS groups (Table 1).

The main reason for the MVR procedure was MR in both
groups, while higher rate of combined valve surgery due to
MR and AS was found in the low MACS group (Table 1).

Outcomes and MACS

Intraoperative

There were no differences between the low and high
MACS groups in the intraoperative outcomes, as well as
bypass time and cross clamp time (Table 2).

Postoperative

In total, there were 6 post-operative confirmed embolic
events, 1 mesenteric event and 5 cerebral events. All five
cerebral events occurred in the low MACS group
(Figure 4).

There were no statistically significant differences between
the groups in the rate of re-operation. Post-operative LOS and
in-hospital mortality were similar among the groups
(Table 2). Post-operative echocardiography results demon-
strated no differences in MR grade and mitral valve gradients
between the low vs high MACS groups.

Discussion

In this population-based study of MVR patients, patients
were divided according to their preoperative MACS,
grouping the three lowest quintiles (Low MACS) and the
two highest (High MACS). In this study, out of the total
cohort (N = 66), 40 patients were with low MACS,

1001

PostOpEmbolic
mo
m1

1 1
1 2

Low MACS Group High MACS Group

Figure 4 Post-operative embolic phenomena.

ranging from O to 131 and 26 patients were with high
median MACS, ranging from 143 to 14,561.

Severe MAC can pose significant challenge to the
surgeon undertaking mitral valve replacement or repair.
Some of the risks may be cardiac rupture at the atrioven-
tricular junction, rupture of the LV free wall, and in injury
to the circumflex artery when debridement of MAC is
performed.'"'> MAC was associated with increased
intraoperative  conversion from valve repair to
replacement,® peri-prosthetic leakage or/and stenosis.'
Manipulation during this procedure may increase throm-
boembolic events (TEs) by calcium debris, resulting in
brain or coronary emboli in patients with severe MAC."

Perioperative TEs are serious and devastating compli-
cations after cardiac surgery, ie, coronary artery bypass
grafting and valvular surgery.'” The incidence remained
largely unchanged despite advances surgical techniques
ranging from 0.8% to 18% in prior studies. The most
serious TEs events are cerebrovascular events resulting
in higher rate of morbidity and mortality and have been
a major limitation for surgery.'®

Therefore, it is essential to assess pre-operative TEs
risk associated with MVR. Thus, our aim was to examine
if quantification of mitral calcium in pre-operative chest
computerized tomography done to assess aortic root before
cross-clamping may help in risk assessment for TEs
adverse outcomes in patients undergoing MVR.

Prior studies found wide risk range of cerebrovascular
TEs events following MVR. In our study, there were six
(7.6%) post-operative embolic events. One mesenteric
event and five cerebral events, which occurred in the low
MACS group. Several predictors for TEs were found in
prior studies, including older age, female sex, use of intra-
aortic balloon pump (IABP), prior coronary artery disease,
hypertension and left atrial dimension above 50mm.'* In
our study, we found higher prevalence of females and
patients with larger left atrial dimension in the high
MACS group. However, we could not find a relationship
between the MACS levels and the TEs events. The low
event number did not allow for a multi-variable analysis of
associates of TEs in this study.

Our study should be interpreted in the context of sev-
eral limitations. First, our study includes a relatively small
sample size. Therefore, our findings should be confirmed
in larger multicenter studies. Second, our study is retro-
spective, and the information was based on hospital med-
ical records and as such is susceptible to coding errors.
Therefore, we cannot rule out residual confounding of the
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association we observed. Due to a low event rate and
probable pre-selection of patients without extreme mitral
annulus calcifications our results should be confirmed in
larger prospective study.

Conclusion

MACS in the range found in our study did not seem to be
related to adverse outcomes in mitral valve surgery. Yet, due
to a low event rate and probable pre-selection of patients
without extreme mitral annulus calcifications, our results
should be confirmed in larger prospective study. Trials aim-
ing at preventing TEs events should be conducted to reduce
morbidity and mortality following MVR.
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