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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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Кальциноз митрального клапана как важная 
находка при сердечно-сосудистой визуализации 
Д.А. Филатова, Е.А. Мершина, М.Л. Плотникова, М.В. Лисицкая, В.Е. Синицын
Московский государственный университет имени М.В. Ломоносова, Москва, Россия

АННОТАЦИЯ
Обоснование. Кальциноз митрального клапана — это хронический дегенеративный процесс в фиброзных структурах 
митрального клапана, на продвинутых стадиях повышающий риск развития эндокардита и нарушений ритма сердца, 
а также вносящий вклад в структуру сердечно-сосудистой смертности. Этиология кальциноза митрального клапана 
пока является дискутабельным вопросом, однако вклад атеросклероза в его развитие в настоящее время не вызывает 
сомнений. Распространённость кальциноза митрального клапана варьирует в разных возрастных группах и в среднем 
выше у людей с заболеваниями сердечно-сосудистой системы. 
Цель — оценка распространённости кальциноза митрального клапана у пациентов, проходящих компьютерную томо-
графическую ангиографию; выявление взаимосвязи между кальцинозом аортального и митрального клапанов и ин-
дексом коронарного кальция, а также признаками ремоделирования. 
Материалы и методы. Проведено ретроспективное исследование 336 пациентов, проходивших компьютерную томо-
графическую коронароангиографию с внутривенным контрастированием на базе Медицинского научно-образователь-
ного центра Московского государственного университета имени М.В. Ломоносова в период с 13.11.2020 по 14.05.2022. 
Результаты. Исследование показало высокую распространённость кальциноза аортального (16,4%) и митрального 
(11%) клапанов в популяции людей, проходящих обследование сердечно-сосудистой системы, а также наличие взаи-
мосвязи между кальцинозом клапанов и индексом коронарного кальция. 
Заключение. Выявление кальциноза митрального клапана у пациентов при рутинном обследовании играет важную 
роль для прогнозирования дальнейшего лечения и исхода, поскольку кальциноз клапанов является косвенным пока-
зателем риска ишемической болезни сердца. Будучи, как правило, случайной находкой при обследовании, кальциноз 
клапанов может свидетельствовать о наличии у пациента повышенного сердечно-сосудистого риска и должен быть 
поводом для дополнительного обследования при клинической необходимости. 

Ключевые слова: митральный клапан; кальциноз; компьютерная томография; магнитно-резонансная томография; 
эхокардиография.

Как цитировать:
Филатова Д.А., Мершина Е.А., Плотникова М.Л., Лисицкая М.В., Синицын В.Е. Кальциноз митрального клапана как важная находка при сердечно-со-
судистой визуализации // Digital Diagnostics. 2024. Т. 5, № 2. С. 219–230. DOI: https://doi.org/10.17816/DD624754 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/DD624754
https://doi.org/10.17816/DD624754


221

Article can be used under the CC BY-NC-ND 4.0 International License
© Eco-Vector, 2024

Digital DiagnosticsVol. 5 (2) 2024ORIGINAL STUDY ARTICLES

收到: 17.12.2023 接受: 24.01.2024 发布日期: 19.06.2024

DOI: https://doi.org/10.17816/DD624754

二尖瓣钙化作为心血管成像的一个重要发现
Daria A. Filatova, Elena A. Mershina, Maria L. Plotnikova, Mariya V. Lisitskaya, 
Valentin E. Sinitsyn 
Lomonosov Moscow State University, Moscow, Russia

摘要

论证。二尖瓣钙化好机会是二尖瓣纤维结构的一种慢性退行性过程。二尖瓣钙化在晚期会增

加心内膜炎和心律失常的风险，并导致心血管死亡。二尖瓣钙化的病因仍存在争议。不过，

动脉粥样硬化对二尖瓣钙化的发展所起的作用目前是毋庸置疑的。二尖瓣钙化在不同年龄段

的发病率各不相同，平均而言，心血管疾病患者的发病率较高。

目的是评估接受计算机断层扫描血管造影术的患者中二尖瓣钙化的发病率；确定主动脉瓣和

二尖瓣钙化与冠状动脉钙化指数和重塑迹象之间的关系。

材料和方法。该回顾性研究实对 2020 年 11 月 13 日至 2022 年 5 月 14 日期间在 

Medical Scientific and Educational Center, Lomonosov Moscow State University 接

受静脉注射造影剂的计算机断层扫描冠状动脉造影术的 336 名患者进行的。

结果。研究显示了，在接受心血管筛查的人群中，主动脉瓣（16.4%）和二尖瓣（11%）钙化

的发病率很高，而且瓣膜钙化与冠状动脉钙化指数之间存在关系。

结论。在常规检查中发现患者的二尖瓣钙化对于预测进一步的治疗和结果非常重要，因为瓣

膜钙化是冠心病风险的间接指标。虽然瓣膜钙化通常是检查中的偶然发现，但它可能预示着

患者的心血管风险增加，临床上有必要时应考虑对其进行进一步评估。

关键词：二尖瓣；钙化；计算机断层扫描；磁共振成像；超声心动图。
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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

 • 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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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 

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. 

Table 1. Incidence of valvular calcification in the study groups

MVC AVC MVC, AVC No calcification
Number of patients 37 55 13 251
Mean age, years 66.1±8.9 66.7±7.9 67.0±9.7 60.1±11.6
Men/women 16/21 32/23 5/8 149/102
CCS, units 582.3±875.3 435.3±591.4 314.2±215.2 176.5±402.9

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

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]. 

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 × 1.73 m2 [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]. 

DOI: https://doi.org/10.17816/DD624754

Vol. 5 (2) 2024ORIGINAL STUDY ARTICLES

https://doi.org/10.17816/DD624754


225
Digital DiagnosticsVol. 5 (2) 2024

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 

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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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). 
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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, 

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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