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ABSTRACT

BACKGROUND: Mitral valve calcinosis is a chronic degenerative process in the fibrous structures of the mitral valve. Advanced
stages increase the risk of endocarditis and cardiac rhythm disturbances and contribute to cardiovascular mortality. The cause
of mitral valve calcinosis is still controversial; however, the contribution of atherosclerosis to its development is currently
undisputed. The prevalence of mitral valve calcinosis varies in different age groups and on average is higher in people with
cardiovascular disease.

AIM: To assess the prevalence of mitral valve calcinosis in patients undergoing computed tomography angiography and identify
the relationship between aortic and mitral valve calcinosis and coronary calcium index and signs of remodeling.

MATERIALS AND METHODS: A retrospective study of 336 patients who underwent computed tomography coronary angiography
with intravenous contrast enhancement at the Lomonosov Moscow State University Clinic between November 13, 2020, and
May 14, 2022, was conducted.

RESULTS: The prevalence of aortic (16.4%) and mitral (11%) valve calcinosis was high in people undergoing cardiovascular
examination, and a relationship was noted between valve calcinosis and coronary calcium index.

CONCLUSION: The detection of mitral valve calcinosis in patients during routine examination is important in predicting further
treatment and outcomes because valve calcinosis is an indirect indicator of coronary heart disease risk. Although valve
calcinosis is usually an incidental examination finding, it may indicate a high cardiovascular risk and should prompt further
evaluation, if clinically necessary.
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KanbuuHos MUTPAJIbHOrr0 KijafnaHa KaK BaXXHas
HaxoAKa npu CEpAE‘-IHO-COCYAMCTOﬁ BU3yaJiu3aluuu

[.A. ®unaroBa, E.A. MepwmHa, M.J1. MnoTtHukoBa, M.B. Jincuukas, B.E. CuHMubIH

MocKoBCKWI rocyfapcTBeHHbIN yHuBepcuTeT MMen M.B. JlomoHocoBa, Mocksa, Poccus

AHHOTALIMA

06o0cHoBaHMe. KanbLMHO3 MUTPaNbHOMO KianaHa — 3T0 XPOHUYECKUW AereHepaTMBHbIN npouecc B GUOpPO3HBIX CTPYKTYpax
MWTPanbHOrO KNanaHa, Ha NPOABUHYTHLIX CTAAMSAX MOBLILLAIOLLWA PUCK Pa3BUTUSA 3HLOKApAMTa U HapYLLEHW pUTMa CepaLa,
a TaKXKe BHOCALLMIA BKNAf B CTPYKTYPY CEpAEYHO-COCYAMUCTON CMEPTHOCTU. 3TUOMOTUA KanbLMHO3a MUTPaNbHOMO KilanaHa
MnoKa sBnsieTca AucKyTabenbHbIM BONPOCOM, 04HAKO BKIaf, aTepoCK/Iep03a B ero pasBuTHE B HACTOsLLEe BPEMS He Bbi3blBaeT
COMHeHWW. PacnpocTpaHEHHOCTb KanbLMHO3a MUTPaJIbHOMO KilanaHa BapbupyeT B pa3HbIX BO3PACTHBIX FPynnax U B CPeAHEM
BblLLe Y Nlofen ¢ 3abonieBaHMAMM cepAeyHO-COCYAUCTON CUCTEMBI.

Lienb — oueHKa pacnpocTpaHEHHOCTM KanbLMHO3a MUTPasbHOTO KianaHa y NauueHToB, MPOXOAALIMX KOMMBIOTEPHY0 TOMO-
rpaduyecKyto aHruorpadmio; BbISBIEHUE B3aUMOCBA3W MEXAY KanbLWHO30M a0pTa/ibHOr0 U MUTPaNbHOMG KManaHoB M WH-
[,EKCOM KOPOHApHOro KanbLys, a TaKKe NpU3HaKaMu peMoJIeNIMpoBaHHUA.

Martepuanbl u MeToabl. [IpoBegeHo peTpocnekTMBHOE UcCnefoBaHWe 336 nauMeHTOB, NPOXOAMBLLMX KOMIbIOTEPHYKO TOMO-
rpacduyecKyto KopoHapoaHrorpaduio ¢ BHYTPUBEHHBIM KOHTPacTUpOBaHWeM Ha 6ase MeauumMHCKoro HayyHo-0bpasoBatesib-
HOro LieHTpa MoCKOBCKOro rocyAapcTBeHHOro yHueepcuteta uMenn M.B. JlomoHocoBa B nepuog ¢ 13.11.2020 no 14.05.2022.
Pesynbtathl. VccnefoBaHue noKasano BbICOKYHD pacrnpoCTPaHEHHOCTb KanbLMHO3a aopTanbHoro (16,4%) u MutpanbHoro
(11%) knanaHoB B nonynAuMK N0AEN, NPOXOAALLMX 0bCcne0BaHMe CEpLEYHO-COCYANCTON CUCTEMBI, @ TAKIKE HaMuue B3au-
MOCBSI31 My KanbLWMHO30M KNanaHoB U MHAEKCOM KOPOHapHOro KanbLuA.

3aknioyeHune. BoisBneHne KanbLMHO3a MUTPaNbHOMO KNanaHa Yy nauMeHToB Npu pYTMHHOM 06CNefoBaHUW UTpaeT BaXHYIo
ponb ANSl NPOrHO3WPOBaHMUS LalbHELLEr0 IEYEHUS U UCX0[a, MOCKOMbKY KanbLyMHO3 KIanaHoB fBMIAETCA KOCBEHHBIM MOKa-
3aTesieM pucKa ULweMMyeckomn bonesHu cepaua. byayuu, Kak npaBuno, clyqaifHOW Haxo[KOoW Npu 0BCnef0BaHUM, KanbLWHO3
K/anaHoB MOXET CBULETENbCTBOBATh 0 HaNMuMKM Y MaUMeHTa MOBbILIEHHOTO CepAEeYHO-COCYAUCTOr0 pUCKa U AOMKEH BbITh
NoBOJOM ANA JOMOSHUTENBHOIO 06CNeL0BaHNSA NPU KITMHUYECKOW HEOBXOLMMOCTY.

KnioueBble cioBa: MUTpasbHbIN KNanaH; KanbLWMHO3; KOMMbloTepHas ToMorpadus; MarHUTHO-pe3oHaHCHas ToMorpagus;
3XoKapamorpadms.
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BACKGROUND

Mitral valve calcinosis (MVC) is a chronic degenerative
condition of the fibrous ring of the mitral valve (MV). It is
characterized by calcium deposition, primarily in the posterior
leaflet. Caseous calcinosis is a distinct type of MV damage,
with a biochemical transformation of calcium and the
formation of caseous masses (thus the name). MVC (ordinary
or caseous) is frequently mistakenly regarded as a neoplasm
based on imaging findings; thus, the appropriate use of
different methods is critical for the differential diagnosis.

The overall incidence of MVC is approximately at 13%
[1]; however, it can range from 4.6% to 15.8%, depending on
the population [2]. The incidence of MVC is 35% in patients
with symptoms of cardiovascular diseases [3] and 36%
in patients with advanced renal insufficiency [1]. MVC is
typically asymptomatic and is discovered by accident during
examinations, contributing to this substantial variability. The
Framingham Heart Study revealed that MVC is extremely
rarely detected in patients aged <40 years [4]. This has a
major effect on cardiovascular morbidity and mortality
and outcomes of cardiovascular surgery. Unlike rheumatic
diseases, calcinosis usually does not significantly impair MV
function; however, severe MVC can cause mitral regurgitation.

STUDY AIM

This study aimed to assess the incidence and
characteristics of MVC and aortic valve calcinosis (AVC) in
patients who were tested for coronary artery atherosclerosis
using computed tomography (CT) coronary angiography.
Moreover, the study assessed the potential relationship
between these processes and the effect of calcinosis on MV
function and cardiac chamber morphology.

METHODS
Study Design

This retrospective, observational, single-center cohort
study enrolled patients who underwent CT coronary
angiography in the X-ray diagnosis department of the Medical
Research and Educational Center of the Lomonosov Moscow
State University.

Eligibility Criteria
Inclusion criteria: patients referred for contrast-enhanced
CT coronary angiography to rule out coronary artery
atherosclerosis.
Noninclusion criteria:
« Condition after coronary artery stenting or bypass
grafting (calcium score assessment was not feasible)
» Condition after valve replacement
« Congenital heart disorders and heart neoplasms
» History of severe allergic reaction to an iodine-containing
contrast enhancement agent
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« Severe condition preventing a diagnostically valuable
examination
Exclusion criteria: refusal to participate in the study.

Study Duration

The study was performed between November 13, 2020,
and May 14, 2022.

Therapeutic Intervention

CT coronary angiography with electrocardiogram (ECG)
gating was performed, which included two successive scans:
a native scan to determine the cardiac calcium score (CCS)
and an arterial enhancement scan (using an iodine-containing
contrast enhancement agent at a dose of 300 mg iodine per
1 mL, or 1 mL per 1 kg body weight). Retrospective ECG
gating was employed in all cases, which enabled additional
visualization of cardiac chambers during various phases
of the cardiac cycle. Coronary artery reconstruction in the
multiplanar reformation (MPR) mode was used for the
analysis of images.

Primary Outcome

Detection of MVC and AVC and calcified plaques in
coronary artery walls.

Secondary Outcomes

Detection of cardiac remodeling signs (left atrial
enlargement).

Subgroup Analysis

The patients were divided into subgroups depending on
the presence of valvular calcinosis:

« MVC group

« AVC group

+ MVC and AVC group

+ Group without valvular calcinosis

Moreover, the patients were divided into subgroups
depending on the CCS:

+ 0 (no coronary artery lesion)

+ 1-10 (minimal lesion)

+ 11-100 (insignificant lesion)

+ 101-400 (moderate lesion)

+ >400 (severe lesion)

Ethics Review

The study was approved by the Ethics Committee of the
Medical Research and Educational Center of the Lomonosov
Moscow State University on September 24, 2020.

Statistical Analysis

Statistical analysis was performed using
Microsoft Office Excel 2010 (Microsoft Corporation, USA).
Data were analyzed using the Kruskal-Wallis, Mann-
Whitney U, and chi-squared tests. The significance level
was P < 0.05.
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Table 1. Incidence of valvular calcification in the study groups
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MVC | AVC MVC, AVC No calcification
Number of patients 37 55 13 251
Mean age, years 66.18.9 66.7+1.9 67.0£9.7 60.1£11.6
Men/women 16/21 32/23 5/8 149/102
CCS, units 582.31875.3 435.3+591.4 314.24215.2 176.5+402.9

Note. AVC, aortic valve calcification; MVC, mitral valve calcification; CCS, cardiac calcium score.

RESULTS

Study Subjects

The study included 336 patients, of which 195 were men
(58%). The mean age was 61.1 + 11.8 years.

Primary Findings

The incidence rates of MVC and AVC in the study
groups were 11% (n = 37) and 16.4% (n = 55), respectively.
Calcification of both valves was observed in 3.9% of cases
(n = 13). Caseous MVC was reported in 7 (2.1%) patients.

Table 1 provides information on the study groups and the
detected incidence of valvular calcinosis.

When dividing patients into groups depending on the
presence of valvular calcinosis, significant differences in the
CCS were revealed. The analysis was performed using the
Kruskal-Wallis test (P < 0.001). The MVC group had the highest
CCS, whereas the group without calcinosis had the lowest value.

When analyzing arbitrary-sized contingency tables
using the chi-squared test, a positive correlation was found
between the CCS and the incidence of MVC and AVC (P <0.01)
(Fig. 1). However, the association was less significant for
AVC compared with that for MVC.

The severity of valvular calcinosis was assessed by
calculating the CCS and the estimated calcium volume. When
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comparing the coronary artery CCS and severity of valvular
calcinosis using the Mann-Whitney U test, no significant
association was found. This pattern was observed in both
the MVC and AVC groups.

Additional Findings

A potential association between left atrial enlargement
(an indirect factor of mitral valve disease) and MVC was
assessed. The analysis using the chi-squared test revealed a
significant association between the MVC factor and left atrial
enlargement as an outcome (P = 0.002).

Adverse Events

No adverse events or side effects of the contrast agent
were reported during the study.

DISCUSSION

Summary Of Primary Findings

This retrospective study demonstrated a high incidence
of MVC and AVC in patients undergoing a cardiovascular
examination using CT coronary angiography and an
association between valvular calcinosis and the CCS, with a
more significant correlation for MVC. However, the severity of
calcinosis was not associated with the coronary artery CCS.

0 1-10

1-100 101-400 >400

Total cardiac calcium score

m MVC AvC

MVC and AVC

No calcification

Fig. 1. Number of patients with valvular calcification in groups with different cardiac calcium score: AVC, aortic valve calcification; MVC,

mitral valve calcification.
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Moreover, a relationship was found between MVC and left
atrial enlargement.

Discussion of Primary Findings

According to the literature, a correlation was found
among MVC, AVC, and coronary artery atherosclerosis [5].
Moreover, a correlation was noted between coronary artery
atherosclerosis and systemic atherosclerosis. Our findings
are of relevance given that AVC exhibited a less significant
correlation with the CCS than MVC. This emphasizes that
the likelihood of valvular calcinosis is determined not only
by systemic atherosclerosis and associated risk factors but
also by other conditions. Timely diagnosis of MVC is clinically
significant because MVC can be considered a predictor of
atherosclerosis and MV disease in the future.

The pathophysiology of MVC is not fully understood. Nestico
et al. defined MVC as a chronic, age-related degenerative
condition that affects the fibrous support structure of the MV
[6]. During the first decade of life, the mitral annulus is made
up of parallel thin collagen fibers and some elastic fibers.
The thickness and density of collagen fibers increase with
age, as does the number of elastic fibers. Lipid spots form
between collagen fibers, accompanied by calcinosis areas.
Over time, collagen fiber misalignment increases, and lipid
and calcium deposits grow. Areas with decreased shear
stress and increased blood flow turbulence are susceptible
to atherosclerosis [7]. Calcification and lipid deposition in
the mitral annulus are commonly reported during autopsy in
patients without macroscopic signs of MVC [8].

Studies have demonstrated significant similarities
between atherosclerotic cardiovascular disease and chronic
degenerative changes in the mitral and aortic valves [9]; all
these events are typically caused by endothelial damage or
dysfunction [10]. Moreover, as calcinosis forms, the mitral
valve changes typical of atherosclerosis, such as inflammation
[11], lipid buildup [12], and matrix metalloproteinase activation
[13]. The renin—angiotensin—aldosterone system also plays
a role in the development of valvular calcinosis [14]. Over
time, focal calcium and lipoprotein deposits at microdamage
areas transform into dense, rigid structures that form MVC.
Moreover, numerous studies have demonstrated a significant
correlation between the severity of systemic atherosclerosis
and associated risk factors with MVC [15-17]. Thus,
several researchers propose that MVC and atherosclerotic
cardiovascular disease are two variants of the same
condition.

However, an essential feature of MVC pathogenesis is
that MVC more frequently affects women, whereas classic
atherosclerosis is more common in men [18]. Women also
have larger deposits in the mitral annulus. The formation of
extrauterine calcium deposits in older women was assumed
to be associated with severe bone loss due to osteoporosis
in postmenopause [19]. Moreover, bisphosphonate therapy
is associated with a lower incidence of cardiovascular
calcinosis in women aged >65 years [20].
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In addition to atherosclerosis, conditions associated with a
long-term MV overload, such as hypertension, aortic stenosis,
and hypertrophic cardiomyopathy, are also significant
contributors to MVC development. In these conditions, the
peak systolic pressure and MV closing pressure increase,
resulting in an increased load on the mitral annulus and
causing its degeneration [21].

Chronic renal failure is another significant risk factor for
MVC. Reduced glomerular filtration rate, end-stage renal
disease, and hemodialysis are linked to the incidence of
MVC [22]. This association can be attributable to various
reasons, including a high incidence of cardiovascular
risk factors and atherosclerosis in these patients, more
severe comorbidities, and impaired calcium—phosphorus
metabolism [23, 24]. Jesri et al. demonstrated that nearly
60% of patients with MVC have a reduced glomerular
filtration rate of <60 mL/min x 1.73 m? [25]. Notably, no
such association was found between chronic kidney disease
and MVC [26]. Moreover, patients with specific congenital
disorders, such as Marfan syndrome, which is characterized
by systemic connective tissue and cardiovascular system
damage, are more susceptible to MVC [27].

The Framingham Heart Study revealed a correlation
between MVC and the incidence of adverse cardiovascular
events and cardiovascular mortality [28]; the risk of the latter
depends on the severity of MVC [17]. The main reason is that
MVC is considered a marker of systemic atherosclerosis
and coronary artery atherosclerosis [29]. Inflammatory,
immune, and metabolic processes can also participate in
this relationship. MVC in patients aged <65 years with chest
pain is an important, independent predictor of significant
stenosis of at least one coronary artery. The absence of MVC
in women aged <65 years is an independent predictor of the
absence of coronary heart disease [3]. Thus, MVC in patients
aged <65 years must be considered by practitioners as a
significant marker of coronary heart disease. It is relevant
in patients without clinical signs of this disease, and these
patients require risk factor and lifestyle modifications to
reduce the risk of adverse coronary events.

The literature data on the relationship between MVC and
stroke are less consistent. Some studies (e.g., Kizer et al.
[30]) confirm this correlation, whereas others (Rodriguez
et al. [31]) found that it significantly decreased after
making adjustments for classic risk factors for stroke.
MVC is associated with coronary artery atherosclerosis
and ventricular fibrillation, which can explain the reported
correlation between MVC and stroke [32, 33].

Evidence shows that calcinosis can affect the MV function
because the mobility of the posterior leaflet decreases when
the base is densely infiltrated. This, in turn, increases the
risk of elongation and rupture of the chordae tendineae,
resulting in secondary mitral regurgitation [34]. The incidence
of endocarditis in MVC is unknown. Although it is rare, it is a
potentially fatal condition characterized by vegetation on the
MV leaflets or mitral annulus [35].
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Fig. 2. Female patient, aged 65 years. Mitral valve calcification according to various methods: (a, b) computed tomography (axial and sagittal
planes, without contrast enhancement); (c) magnetic resonance imaging (four-chamber long-axis view, delayed contrast enhancement).

The association between MVC and cardiac rhythm disorders
is well-known. The most common disorders are atrioventricular
block, bundle branch block, and intraventricular conduction
block [36]. According to the literature, the incidence of cardiac
rhythm disorders was significantly higher in patients with MVC
than in the control group (70% vs. 34%) [37]. This could be
because calcinosis directly extends to the atrioventricular
node and the bundle of His. A significant correlation between
MVC and atrial fibrillation was also associated with left atrial
enlargement [38].

Given that MVC is mostly asymptomatic and can
have potentially life-threatening consequences, its timely
diagnosis is critical. In some cases, distinguishing between
MVC, thrombosis, and neoplasms is difficult. Moreover,
some authors report that calcinosis may appear similar to
a myocardial abscess [39].

Echocardiography (EchoCG) is used for the primary
diagnosis of MVC, which is visualized as a static hyperechoic
structure with sharp edges, usually in the subvalvular
space, beneath the MV posterior leaflet. Moreover, MVC is
sometimes visualized as a heterogeneous structure with
hypoechoic areas. Large calcinosiss may form an acoustic
shadow, preventing clear visualization. Observation of typical
MVC characteristics does not require further examination;
however, the sensitivity of EchoCG is often insufficient to
distinguish between calcium and other dense structures
(such as collagen). Advanced abscesses can resemble MVC
caused by consolidation and calcinosis areas. Magnetic
resonance imaging (MRI) and CT can be used for follow-up
examinations in cases in which visualization using EchoCG is
difficult when there is a nonspecific increase in inflammatory
markers (which does not allow ruling out an abscess or
neoplasm), and in some other doubtful situations.

MVC typically has a decreased signal on standard cine
MRI sequences, which sometimes makes it difficult to
distinguish between calcium, adjacent cardiac muscles,
and neoplasms in this location. T2-weighted images make
it easier to differentiate MVC from other surrounding

DOI: https://doiorg/1017816/DD624754

structures. Contrast enhancement does not result in
significant perfusion during the early phase or delayed
enhancement during the late phase (Fig. 2c). A thin rim
of contrast is sometimes observed along the margin
during the late phase. MVC can be distinguished from
benign or malignant neoplasms based on the absence
of vascularization and necrosis in the central part. MVC
is displayed as a hypointense central part on T1- and
T2-weighted images, whereas myxoma and lipoma are
characterized by a hypointense signal due to mucin or fat
in the stroma [40]. MR signs of abscesses depend on the
stage; however, they are typically visualized as structures
with a hypointense signal in the center and a hypointense
signal in the periphery. However, the sensitivity and
specificity of MRI are not always sufficient for an accurate
differential diagnosis among MVC, thrombosis, and tumors.
In these cases, CT is employed for follow-up examination.

On CT, MVC is visualized as a hyperdense structure
without signs of contrast uptake, with an avascular, “soft”
center. A fibrous capsule with heterogeneous, dense
calcium areas is sometimes observed in the periphery [41]
(Fig. 2a, b). CT allows determining the location and extent
of MVC and its effect on valve function. Calculating the CCS
enables a quantitative assessment of MVC.

Thus, a multimodal approach is recommended to make an
accurate diagnosis of MVC. EchoCG is the first-line method,
and ambiguous results necessitate additional examination
using both MRI and CT. Notably, the use of various imaging
methods not only allows for a correct diagnosis but also
provides valuable information about the other conditions
(coronary artery atherosclerosis, valve stenosis, reduced
ventricular contractility, reduced ventricular contractility,
hypokinesia or dyskinesia areas, etc.) of the patient, which
may affect the treatment strategy.

Study Limitations

The study limitations include the analysis of calcified
coronary artery plaques solely disregarding soft plaques. The
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correlation between the severity of coronary artery stenosis
and soft plaques will be assessed in the next phase of the
study. In addition, clinical data, as well as EchoCG findings,
were not analyzed.

CONCLUSION

MVC is commonly observed and is typically
asymptomatic. The etiology of this condition is not
fully understood; however, it shows a clear association
with systemic atherosclerosis. MVC is associated with
atherosclerosis and MV disease; thus, early disease
diagnosis is clinically significant for the prevention of
potentially dangerous conditions.

This study revealed a high incidence of valvular calcinosis
in the population (the incidence rates of MVC, AVC, and
calcinosis of both valves were 11%, 16.4%, and 3.9%,
respectively). Moreover, a correlation was found between
valvular calcinosis and coronary artery atherosclerosis,
with a more significant association for the MV. Moreover,
a relationship was found between MVC and left atrial
enlargement.

Distinguishing between MVC, heart neoplasms,
thrombosis, and some other conditions is difficult. EchoCG is
used for the primary diagnosis of MVC; however, this condition
can be mistaken for a neoplasm or thrombosis. Thus,
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when the findings are insufficient, follow-up examinations
using cardiac MRI and CT are recommended. The use of a
comprehensive approach and ensuring appropriate follow-up
in patients with MVC and concomitant conditions, including
calcinosis of other heart valves, are encouraged.
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