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ABSTRACT

Background: There 1s a well-established link between coro-
nary artery calcium (CAC) score on computed tomography
and the sevenly ol coronary atherosclerosis. Cardiovascular
events and mitral valve dysfunction are related to mitral annu-
lar calcihcation (MAC).

Objectives: This study aimed to detect the relationship
between MAC detected by TTE and coronary calcium score
(CCS) and the relation between MAC and extent of coronary
artery disease (CADY) by computed tomography (CT).

Methods:

prised 100 patients with symptoms of intermediate likelihood

This prospective cross-sectional study com-

stable CAD and indicated for coronary CT angiography ac-
cording to ESC guideline. Study participants were categonzed
imto three main groups where Group I included: 50 patients
without matral annular caleication (control group). Group 1I:
included 50 patients with mitral annular calcification. Then
the participants of group Il were sub-grouped into Ila group
which included patients with mild MAC and group b which
mcluded patients with moderate to severe MAC,

Results: There was significant difference between 3 stud-
wed groups mnoischemic heart disease (IHD) detected by elec-
trocardiogram, calcium score, type ol atheroscleroue CAD. In
addiion, MAC score 15 a good predicator Lor obstructive CAD
(AUC =(1.830, 95% CI =0.636 - 0.946, p value <0.001), with
100% sensitvity and 61549 specificity. Coronary artery cal-
cium (CAC) score 15 a good predicator lor obstructive CAD
(AUC =0.775, 95% Cl =0.574 -0.912, p value =0.009), with
100% sensiuvity and 61.54% specificity. Multivaniate logis-
te regression showed that MAC was a good predictor for the
presence of CAD (p =0.00%).

Conclusions: We discovered a strong connection between
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MAC and CAC and higher CAD burden. These data demon-
strate that the existence of MAC 15 an indication of atheroscle-
rosis instead of simply a degenerative alteration in the mitral

valvie.
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INTRODUCTION

Fibrous degenerative calcihication ol the mutral valve support
ring over a long period of time, known as mitral annular cal-
cium (MAC), 15 common in females and the genatrics [,
MAC has been proposed as a sign ol widespread atheroscle-
rosis and as a tool for identifying coronary artery disease 1,
MAC nisk factors have been studied in a number of epidemi-
ological studies. Age, smoking, obesity, and serum phosphate
were found to be similar factors for calcific aortic valve dis-
case. Significant differences have also been discovered, with
MAC mdicating a predominance of women and a greater rela-
ton o chromie kidney illness and nuneral metabolism deregu-
lation. Although a relation to low bone mineral density (BMD)
has been hypothesized, it has yet o be established. Despite
several studies into nsk factors for incidence of MAC and
prevalence, there have been no research on risk factors that
inlluence disease actuvity to yel 131 1t has not been adequately
researched if there is a link between the presence of MAC and
CAC on a CT. There is a considerable positive link between
severe MAC and CAC in both males and females, accord-
ing to the limited research that was conducted. Mild MAC,
CAC
seems o have a pallern comparable to coronary heart disease

on the other hand, has not showed the same link ¥,

in terms of prevalence, with substantial increase in prevalence
with age and significantly higher prevalence in males than

: . 3 e i .
in females °). Traditional coronary risk factors have been

Abd El Hamid lsmail Abd EI Hamid., af al. 1



Convergence between severity of Coronary Artery Disease and mitral annular calcification
J Cardiology Res Pra Vol. 2 No. 1 (2023): Jan-April

linked Lo coronary calcium. According o rescarch, MAC 18
a circulalory system expression ol widespread atherosclero-
sis 8! Atherosclerosis is linked to deposils of calcium in the
circulatory system. 2 dimensional transthoracie cchocardiog-
raphy (TTE). similar computed tomogiaphy (CT), may 1den-
l1l'y cardiae deposits ol calcium and 18 a low-cosl, nomnvasive,
portable. and nonradivachve lechaology. Coronary compuled
lomography n used to assess the coronary arterics caleium
scorc and the semi quantitative scores ol valvular calcium to
dclerminge an individual's risk ol coronary artery discase 71
A relalion belween MAC and calcifications 1n the cardiovas-
cular system as measured by scveral modalilies such as CT,
cchevardiography. and Iraditional chest x-ray hilm, as well as
cardiovascular discase (CVD) risk (aclors, has also been pro-
poscd 18, According Lo current rescarch. cardiovasceilar cal-
cilicalion is & significanl indicalor ol CAD preseace %1 fhe
goal of 1his sludy was Lo delecl the relation between MAC de-
leeled by TTE and CCS and lhe relation between MAC and
cxlenl of coronary artery discase by CT.

PATIENTS AND METHODS

This prospecuye cross-scctional study comprised 100 palienls
presenlod with symptoms ol 1atermediale likelihood stable
CAD and indicaled (or coronary CT angiogiaphy according to
ESC gudcline who were recrunted from |he outpatical clinic
ol the Cardiology Depariment, Faculty of Medicine, Al-Azhar
Universily, Egypl, between February 2021 1o October 2021
All procedures 1involving human volunleers in Lhis investiga-
Lon were carried out in conlormity with clhical guidelines ol
Al-Azhar University's clhical commiltee and ils later modifi-
cations or similar cthical slandards and an inlformed writlen
consent were laken alter informing the paticnts aboul the pro-
cedure. The exclusion eriteria were age less than 30 years and
morc than 60 ycars, dislysis. balloon angioplasty, heart valve
replacement, history ol coronary bypass surgery. defibrillator
implantation, pacemaker, or any other cardiae surgery. hyper-
paralhyroidism. peor Echo-window; congenilal heart discase
wilh Rh heart discase, aorlic valve slenosis, Rh valve discase,
rhythm olher Lhan sinus, and contragindicalions for multi-shee
computcd lomography such as pregnancy , known allergy to
iodinated contrast agent, and reaal nsullicicacy: Study par-
Leipants were calegorized 1nto lwo main groups where Group
1 included: 50 palienls wilhwul MAC. Group 2: included S0
palicnls wilhM AC Then Lthe participaats ol group 2 were sub-
groupced ialo lla group which included paticnts with MAC
and group §Ib which included pativats with modcrale to se-
vere milral annular calcificalion. All paticnts included in thas
study wert subjocted to complele demographic and moedical

history such as hypertension. digbeles mellitus. tobacco use,
CAD lamily hislory, and hypurcholesterolerma. Full phys-
1cal cxamination included geners) and cardiae examinghon.
Roulinc Laboratory assessmunt such as (renal lunction test.
parathormonce level. scrum calcium level, senom low  den-
sily), lipid profile. cchocardiography, ionized Ca. parathor-
monc level. lree T4 were also performed as well as twelve
lead clectrocardiograms (ECG) for detechion of lipoprolein
ratc and rhythm and 1schemic ECG. A slrong ccho-producing
struclure al the conlluence ol the atrioventricular groove and
poslerior milral leallel was included in the TTE cnleria lor
MAC. MAC was catcgorized [rom mild o severe. consider-
ing ity thickaess and length. MAC was characterized 4¢ in-
lense cchocardiography producing structurce situaled al the mi-
lral sechon ol Lhe alrioventricular seciion and posterior mitral
lcallels 1n the parastermal long axis view: MAC is measured
in millimelers {rom the leading aalerior to the Irgiling peste-
rior cdge and quantificd as mild < 4 mm. mederale o severe
> 4mm considering its thickaess. MAC - (0-3) Score: (0)-
Normal ochogenicily. (1)~ Mild caleificaion (thickness <2
mm and length <Smm). (2)- Modcerate calcilication (thick-
ncss 22 mm and lenglth >5mm).  (3)- Severe calcilication
(Shadowing). Cardiac compuled tomography (CT): Due 10 &
suspicion of CAD., all paticals underwenl a cardiac CT scan.
which included calcium scoring and coronary CT-angiography
(CTA). The CT scans were done using & 160-slice CT scanncer
{ Toshiba - Japan). Prior to dala collechion, Propranolo] was
gradually given orally te achicve & hear! rale of < 70 brats
perminutel The Agatston score was measured on a dedicaled
workstation. 2. Prospeclively ECG-Liggered axial acygaisition
modc was uscd Lo perform coronary CTA in paticals wilh &
regular heart rate 3. CAC score was calculaled. 4, CAD was
studicd 1n the lomm ol presence or absenee of coronary arlery
discasce (>70%CAD). a. Localization ol arlerial affcction. b.
Number of vessels affeeled Palicnls with mitral valve steno-
sis, prosthetic valves. rheumalic valvular discasc, d history of
M1, P1C, CABG,

Statistical analysis:

Collecled dala were slalistically analyzed using SPSS. The
median dand nmge were used Lo represent non-paiamelric data.
whereas the mean and standuard deviation were usced (o ep-
resenl gquantitative paramelric dala (SD). Quahlalive dala was
expressed as {requency and perecalage Dala wae handled us-
ing ANOVA | indcpendent sample tiest, Mano-Whitney U tesl
and Chi-squarc lests lor statistical analysis. The independent
variablesin paticnts with MAC and CAD were delennined us-
1ng multivaridle Jogistic regression analyses. P ovalue < 0.05

was considered statistically significant.
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RESULTS
All patient’s characteristics were insignificantly different
among the three groups. Table |

Data are presented as mean = 5D or number (%)

IHD detected by electrocardiogram was significantly differ-
enl among the three groups. Table 2

Data are presented as number (%) IHD: IHD

Calcium score was significantly different among the three
groups: worse with moderated to severe than mld MAC and
in mild than control (P=0.001). Table 3

Drata are presented as number (%)

Regarding the type ol atherosclerotic CAD among the stud-
ied groups, there was a significant difference in number of ob-
structive CAD among the studied groups. (p <0.001). Table
4

Data are presented as number (%) LAD: lell antenor de-
scending artery, RCA: right coronary artery, LCX: left cir-
cumflex artery, LM: left main artery, *: significant as p value
<(1.05.

CAC score 15 a good predicator for obstructive CAD (AUC
=().775, 95% CI =0.574 -0.912, p value =0.009). with 100%
sensitivity and 61.54% specificity. Figure |

MAC score 1s a good predicator for obstructive CAD (AUC
=(1.830, 95% CI =0.636 - 0.946, p value <0.001). with 100%
sensitivity and 61 54% specificity. Figure 2

MAC 15 a good predictor lor the presence of CAD. (p
=().008). Table 5

MAC: Mitral annular caleification

DISCUSSION

CVD, particularly IHD, is the major cause of death and lost
healthy years in the United States. Further, CVD is also the
leading cause ol death worldwide, with developing countnes
bearing more than 60% of the global burden ", Neverthe-
less, MAC was considered 1o be a passive, age-related degen-
eralive process. mounting data now suggests that it is a highly
controlled process with distinct characteristics that are compa-
rable to both medial and atherosclerotic cardiovascular calci-
fication ", The patient with CT-detected CAC has crossed the
line from having CVD risk factors to having identified subclin-
ical coronary artery disease. Stress causes a varety of physi-
ological changes that may be hinked to cardiovascular disease
M Our results showing that there was no statistically signif-
wcant difference amongst the three studied groups according to
smoking, famuly history, hypertension, diabetes mellitus, hy-
percholesterolemia and hypertnglveendemia. However, Dai
et al. ' reported that one of the most critical risk factors

for the development of this disease is family history. Further,

Timén et al. " noted that diabetes, especially type 2 dia-
betes, is a risk factor for CAD. The risk of CAD has been
found to be greater in diabetic patients than in non-diabetic
ones. Diabetes has been linked to hyperlipidemia, which is de-
fined by low HDL cholesterol levels as well high triglyceride
levels. Also, Hajar et al. 1141 showed that extensive epidemi-
ological research has identified the risk factors for the devel-
opment ol CAD., which include smoking, diabetes, hyperlip-
demia, and hypertension.. Our results showing that there was a
highly significant difference between the three studied groups
in terms of IHD (IHD). Birkhoelzer et al. 5] found that the
CMAC echocardiographic prevalence was (1.64% ol patients
with MAC and 0L068% ol the general population. Echocar-
diography is used to detect MAC in patients less than 65 years
may be an independent predictor of substanual CAD, TVD
and the mcidence of left main illness was considerably higher.
WHO 1% peported that IHD is still the main reason of death in
countries of all socioeconomic levels. Rates vary per country
and are declining in the majority of them, showing sigmificant
potential for improvement. Future progress may be hindered
by rising hypertension in some developing nations and, more
importantly, global obesity growth. THD 15 the major reason
of death worldwide, accounting for <9 million deaths in 2016.
In our study, calcium score was significantly different among
the three groups; worse with moderated to severe than mald
MAC and in mild than control (P<0.001). Along with our
study Budoll et al. 171 noted that Any CAC seen on CT 1n-
creases the likelihood of clinical coronary heart disease and
ASCVD, which encompasses cerebrovascular as stroke and
coronary heart disease as acute myocardial intarction. On the
other hand Mahmoud et al. "™ demonstrated that regarding
left main CAD, no statstically significant difference was de-
tected among patients with ordinary aortic and mitral valve
and patients with aortic valve sclerosis (AVS) and/or MAC.
Further, "™ noted that the CAC score is a direct indicator of
the quantity of the present calcified atheroma, and it is closely
linked with total coronary atheroma, which encompasses both
measured and unmeasured non caleified plague. In our study,
MAC score 15 a good predicator tor obstructive CAD (AUC
=().830, 95% CI =0.636 - 1.946, p value <0.001). with 100%
sensitivity and 61.54% specificity. CAC score is a good pred-
wcator for obstructive CAD (AUC =0.775, 95% ClI =0.574 -
0912, p value =0.009). with 100% sensiivily and 61.54%
specificity. Similarly, Ahmed et al. ' found that regarding
presence or absence ol any obstructive/non obstructive CAD;
MAC score was a good predictor (AUC =(L.558], 45% sensi-
tvity and 43% specificity (95% Cl = 0.419-0.619)) as well
CAC score ({(AUC = 0.763, 82% sensitivity and 80% speci-
ficity (955 CI = (L814-0.913)). In line with our findings, Yer-
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Table 1 1 : Patient's characteristics among the three groups

Control (n = 50) Mild (n=21) Moderate o se- P value
vere (n=29)
Ale (yéanrs) Mean + SD 51.18 £ 8.97 4029 +9.16 5128 £ 694 0.651
" Range 3 =75 30 - 60 35 - 60
Weight (kg) Mean + SD 86.92 + 1028 B6.95 £ 11.89 8152+ 11.00 0.082
Range 66 - 110 68 — 108 Bl - 94
Sex f"r.iale 40 [HU_{J{]E_-EJ 15 (7 I_.ri]‘ﬁ:‘] 16 {55_]?’*;:{.:} 0.064
Female 10 20,005 ) 6 (28.57%) 13 (44 ¥3%)
Smoking 21 (42.0%) O (42.86%) 6 (20.69%) 0.125
Family history 3 (6.0%) 1 (4.76%) 2 (6.9%) (.952
Hypertension 26 (52.00%%) B (38.10%) 11{37.93%) 0.372
DM 22 (44 0% 6 (28.57%) 13 (44 83%) 0.427
Hypercholesterolemia 25 (50.0%) 12 (57.14%) 11{37.93%) (0.375
Hypertriglyceridemia 18 (36.00%) 6 (28.57%) 7 (24.14%) 0.527
Table 2 2 : Electrocardiogram among the three groups
Control (n = 5(0) Mild in=21) Moderate to se- P value
vere (n = 29)
ECG Normal 38 (76.0%) 10 {47.62%) 14 (48.28%) 0.016*
IHD 12 (24 .0%5) 11 (52.38%) 15 (51.72%)
Table 3 3: Calcium score among the three groups
Control (n = 50) Mild (in=21) Moderate to severe(n P value
= 24
MNormal 38 (76.0%) (0 (0.0%) 0 (0.0%:)
i Mild 10 (20.0%) 2 (9.52%) 6 (20.69%)
Calcium score _
Moderate 2 (4.0%) 19 {(90.48%) O(31.03%) <(L1*
Severe 0 (0.0%) 0 (0.0%) 14 (48.28%)
Median (IQR) 6.5 (4-10) 247 (198-327) 208 (199-613)
Table 4 4: Details of distribution atherosclerotic
Controlin=50) Mild (n = Moderate to severe (n P value
21) = 2Y)
AR AT ﬂun-ulr.#lrurlive 8 (16%) 2 (9.529%) 3 (10.34%) 0,003+
Obsiructive ) 4 (19.05%) 10 (34 485%)
Control(n=50) Mild (n = Moderate to severe (n
21) = 24)
Sites of obstructive CAD LAD (0 3(14.28%) 5 (17.24%) (.768
RCA 0 1 (4.76%) 3(10.34%)
LCX (0 0 1 {3.45%)
LM ) 0 1 (3.45%)

Table 5 5: multivariate logistic regression of various variables for prediction of CAD

Odds rano 95% Cl P value
MAC 4.45 1.483-13.3587  (LOOS*
Age (.981 0.927-1.037  0.503
Male Sex 1.418 0.494-4.073 0516
Hypertension  (0L.561 0.213-1.477  (0.242
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Figure 1 1 : ROC curve CAC score for prediction of obstructive CAD
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Figure 2 2 : ROC curve MAC score for prediction of obstructive CAD
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ramasu et al. [20] found that regarding CAC, the sensitivity,
specificity, negative predictive value, and positive predictive
value of CAC = 1 for detection ol obstructive CAD were 96,
53, 32, and 93%, respectively. As a result, obstructive CAD
could be excluded reliably by the absence of coronary calcifi-
cation. In our study, MAC 15 a good predictor tor the presence
of CAD. (p =0.008). In agreement with our results, Atar et
al. [21] found on multivariate analysis that MAC (p = 0.02)
was an independent predictor of the presence of significant
CAD. Furthermore, Acartiirk et al. [22] highlighted that mul-
livariate analysis revealed that MAC was an independent pre-
dictor of severe CAD (p = 0.02), therefore patients with MAC
should be evaluated tor the existence ol severe CAD and, as
a result, for diagnostic and therapeutic measures aimed at im-
proving their prognosis.

Conclusions: The extent ol calcification around annulus
of the matral valve appears to be an important element in the
pathophysiology of CMAC and CAC. Therapeutic efforts o
slow the progression of MAC could target annular calcifica-
tion, further data is needed to better recognize risk factors,
disease implications, the progression from MAC to CMAC,
and the time of proposed treatments such as reduction of risk

factor, medicinal therapeutics or surgical management.
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