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Abstract

:

Aim: Although the association between left ventricular dilation and mitral annulus dilation is well understood, the potential variation in the size of the mitral annulus during dilation of the left atrium is currently unknown. In order to investigate the link between the two variables, we used multidetector computed tomography (MDCT) and looked at patients who had a dilated left atrium, assessing if the mitral valve also dilates. Materials and Methods: The study included 107 patients with paroxysmal and persistent atrial fibrillation, in whom catheter ablation was performed using pulmonary vein isolation ± atrial substrate modification. Eighty patients were male (74.8%), with a mean age of 55.8 years (±9.87 with a minimum age of 26 years and a maximum age of 79 years), of which 57.1% had paroxysmal AF and the rest had persistent fibrillation. All the patients underwent multiple-detector CT (MDCT) with contrast medium before the ablation. CT images were integrated into the three-dimensional mapping system CARTO 3, after which the diameters of the mitral annulus, area, and circumference were measured. Left atrial size was evaluated by measuring the diameters, area, and volume. Results: The left atrial area was 247 ± 65.7 cm2 and the left atrial volume was 139 ± 56.3 mL. The transverse mitral annulus (MA) was 29.9 ± 5.3 mm and the longitudinal diameter was 41.9 ± 7.6 mm. The MA circumference and area were 15.0 ± 3.5 cm and 14.2 ± 4.6 cm2, respectively. The following statistically significant correlation was identified between the dimensions of the mitral annulus and the diameters of the left atrium: the transverse mitral annulus correlates with the antero-posterior (AP) LA diameter (R = 0.594, p < 0.01) and the longitudinal MA diameter correlates with the latero-lateral (LL) LA diameter (R = 0.576, p < 0.01). Furthermore, the MA area correlates with the LA volume (R = 0.639, p < 0.001). Conclusions: The volume of the left atrium correlates with the area of the mitral annulus. In patients with paroxysmal and persistent AF, an increase in left atrial dimensions is further associated with an increase in mitral valve dimensions.
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1. Introduction


Normal dimensions of the mitral annulus are important for maintenance of the valve’s normal function. Enlargement of the mitral annulus (MA) produces abnormal coaptation of the valve leaflets and subsequent mitral regurgitation. Previous research has shown that left ventricular dilation and dysfunction are the most common causes of functional mitral regurgitation [1,2]. In addition, in patients with ischemic or non-ischemic dilated cardiomyopathy, mitral regurgitation is frequent. Nonetheless, there have been no prospective data that could provide evidence of the association between LA enlargement and the severity of MA dilation. Gertz et al. reported annular dilation and severe mitral regurgitation in 6.5% of AF patients who showed a decrease in MR grade after cardioversion to sinus rhythm. Other studies, on the other hand, disputed these findings. According to Otsuji et al. [3] and Zhou et al. [4], isolated AF does not result in annular dilation.



The aim of our study was to investigate the effect of left atrial enlargement on the size of the mitral annulus, measured by multidetector computed tomography angiography (MDCT).



The most common imaging approach for evaluating mitral valve function is echocardiography. However, the precise and comprehensive assessment of the MA given by MDCT makes this imaging method the preferable approach to measure both the MV and the LA with sub-millimeter spatial resolution.




2. Materials and Methods


2.1. Study Subjects and Procedure


A total of 107 patients who underwent MDCT and atrial fibrillation catheter ablation in the Rehabilitation Hospital Cluj-Napoca, Romania, were included in our retrospective study. The research was conducted according to the guidelines of the Declaration of Helsinki. There was no need for informed consent as our study was retrospective. MDCT scans were performed in our radiology department using a 32-detector General Electric system. All images were integrated with the CARTO 3 Biosense Webster system using the image integration tool and 3-dimensional images were obtained for each left atrium. The mitral annulus was automatically traced by the system after manually defining 6 to 8 points of the mitral plane, with circumference and area of the annulus automatically calculated by the software.



The patients we excluded from this study were those with the following: abnormal LV systolic function or dilated LV, organic valvular disease, such as rheumatic mitral stenosis or regurgitation, MV prolapse, moderate or severe calcifications of the mitral valve, and patients who underwent surgery for mitral valvuloplasty or replacement of the mitral valve.



Transverse diameter of the mitral annulus was defined as the longest septal to lateral distance, perpendicular to the contact line between LVOT and mitral annulus. The longitudinal diameter of the mitral annulus was defined as the longest distance measured between intercommissural points, perpendicular to the transverse diameter (Figure 1 and Figure 2). Supero-inferior diameter of the left atrium was defined as the distance between the point of intersection between longitudinal and transversal diameters of the mitral annulus and the highest left atrial point. Latero-lateral diameter of the left atrium was defined as the longest distance between the lateral and septal walls of the left atrium, parallel to the mitral annulus. AP diameter of the left atrium was defined as the distance between the anterior and posterior walls of the LA, perpendicular to the LL diameter.



All catheter ablation procedures were guided by the 3D CARTO 3 Biosense Webster mapping system. Electrogram mapping at the level of the pulmonary vein (PV)’s ostium guided pulmonary vein isolation. To map the pulmonary veins and the LA, a PentaRay or lasso catheter was used, and RF ablation lesions were performed using an open-irrigated 7 French 3.5 mm ablation catheter (SmartTouch, Biosense Webster). The procedure ended with the dissociation of PV potentials (PVP) or the full disappearance of PVP. In the case of persistent AF, we used lines between the left and right PV, mitral isthmus line, cavo-tricuspid isthmus line, or vein of Marshall ethanol ablation following PV isolation. A second ablation procedure was performed in 3 of the 107 patients.




2.2. Statistical Analysis


Continuous variables (age, diameter, area, circumference, volume) are presented as means ± standard deviation in cases of normal distribution or median + interquartile range in cases of not normal distribution. Categorical variables (sex) are presented as frequencies and percentages. Pearson or Spearman correlation was used to assess association between MV dimensions and LA volume, and linear regression was used to obtain the formula that predicts LA volume based on MV area. Bland–Altman test of agreement was used to establish limits of agreement and the mean bias between measured volume and estimated LA volume using the formula. All tests were performed using SPSS statistics program version 25, and p values < 0.05 were considered statistically significant.





3. Results


A total of 107 patients were included in this study (mean age of 55.8± 9.8 years, 74.8% male). The mean weight of the patients was 80.3 ± 15.5 kg and the mean BMI was 29.6 ± 6.0. The majority of the patients had paroxysmal atrial fibrillation (57.1%) and the rest had persistent AF (42.9%). The mean LV systolic diameter was 52.4 ± 5.8 mm and the mean LV diastolic diameter was 37.6 ± 6.8 mm; the mean ejection fraction of the left ventricle was 54.2 ± 4.2%. All the patients underwent multiple-detector computed tomography angiography (MDCT) of the left atrium and pulmonary veins prior to catheter ablation of atrial fibrillation.



The mean LA volume was 139 ± 56.3 mL and the total area of the left atrium was 247 ± 65.7 cm2. Only 15 patients (14%) had a left atrial volume of <90 mL, with the rest presenting dilated left atria (Table 1).



The dimensions of the mitral annulus (MA) were as follows: Longitudinal diameter = 41.8 ± 8.3 mm; transversal diameter = 29.8 ± 4.9 mm; MA area = 13.0 ± 4.5 cm2; MA circumference = 14.4 ± 3.2 cm (Table 1).



There was a significant difference in terms of age, AP diameter of the LA, and longitudinal diameter of the mitral valve between patients with paroxysmal and persistent atrial fibrillation (Table 2).



As expected, a good correlation between the longitudinal and transverse diameters of the mitral valve was noted (R = 0.726, p < 0.0001). Furthermore, there was a statistically significant correlation between the longitudinal LA diameter and the longitudinal MV diameter (R = 0.576, p < 0.0001), as well as a significant correlation between the transverse LA diameter and the transverse MA diameter (R = 0.594, p < 0.0001) (Table 3). Most importantly, we identified a significant correlation between the left atrial volume and the mitral valve area, which could further be expressed by the following formula that estimates LA volume based on MA area: LA volume = 12 × MA area + 50 mL (Figure 3).



In order to validate the formula, the agreement between the measured LA volume (LAVm) and the estimated LA volume (LAVe) was calculated by plotting the differences and the means on a Bland–Altman graph (Figure 4).



In the multivariate analysis, the transverse diameter of the mitral valve (p = 0.004, 95% CI = 1.8–9.4) was independently associated with the LA volume, after adjusting for confounding factors, such as Sex, age, and type of atrial fibrillation (Figure 5).




4. Discussion


The present study sought to investigate the variation in size of the mitral annulus during dilation of the left atrium. The following are the most important findings of the current paper: (1) the longitudinal diameter of the mitral annulus correlates with the latero-lateral LA diameter; (2) the transverse diameter of the mitral annulus correlates with the antero-posterior LA diameter; (3) the MA area correlates with the LA volume; (4) the LA volume can be estimated from the MA area using the following formula: LAV = 12 × MA area + 50 mL. This is, to the best of our knowledge, the first study using MDCT that demonstrates an association between mitral annulus dimensions and left atrial dimensions.



Our hereby proposed formula can be used to predict LA volume (LAV) based on MA area. The Bland–Altman difference plot [5] was used to test the agreement between the measured LAV and predicted LAV based on the formula. Plotting the differences against means showed that there was good agreement between the predicted and the measured LA volumes. Furthermore, we have calculated the 95 percent limits of agreement for each comparison, showing the difference between the measured and estimated LAV for the majority of patients. We have also calculated the confidence intervals for the 95% limits of agreement. Because the discrepancies within the means are not clinically significant, the two techniques for estimating the LAV can be employed interchangeably, and a simple mitral valve area measurement can thus predict the dilation of the left atrium. This applies exclusively to patients without LV dysfunction, organic valvular disease, or replacement of the mitral valve.



This study used MDCT to estimate the size of the left atrium and the mitral annulus, since it offers a better soft-tissue resolution due to the use of intravenous contrast and better delineation of cardiac structures, compared to transthoracic and transesophageal ultrasonography. Several computed tomography studies within the literature attempted to find the normal reference values for the left atrial volume. In the study conducted by Stojanovska et al. [6], which included 74 subjects, values of the left atrial volume were determined and normalized by age, sex, and body surface area. A statistically significant difference was noted for different ages; the mean left atrial volume varied from 63 mL (30–39 patient age interval) to 68 mL (40–49 years), 83 mL (50–59 years), and 80 mL (60–70 years) [6].



We defined a normal mitral annulus and normal left atrium based on the work of Stojanovska et al. [7], Grover et al. [8], and Naoum et al. [9]. Stojanovska’s study measured the normal left atrium in MDCT for both men and women, and obtained the following results: 74 mL for women, 86 mL for men, and 80 mL for all subjects. According to Grover et al. and Naoum et al., normal mitral valve dimensions differ between male and female subjects in the following way: area = 8.4 ± 1.2 for female, 9.3 ± 1.6 for male, and 8.9 ± 1.5 cm2 overall; perimeter = 107.0 ± 7.0 mm for female, 113 ± 10 mm for male, and 110 ± 9.0 mm overall; longitudinal diameter = 36.1 ± 2.9 for female, 38.8 ± 3.9 for male, and 37.6 ± 3.7 mm overall; transversal diameter = 27.1 ± 2.3 for female, 27.8 ± 3.0 for male, and 27.5 ± 2.7 mm overall.



The volumes of the left atrium found in our study (139 ± 56.3 mL) are higher than those found in the ROMICAT study (97.4 ± 27.3 mL) [10]. All our patients displayed atrial fibrillation, 42.9% of which presented persistent AF. This can explain the increased volume of the left atrium, in contrast to patients from the ROMICAT trial, which comprised individuals with risk factors for coronary artery disease. Our data complete the results of Hirasawa et al. [8], who measured the MA area with MDCT and found values in the range of 9.9 ± 3.0 cm2; Hirasawa et al. [11] also found values, regarding the MA circumference and longitudinal diameter, of 115 ± 18 mm for the MA circumference and 35 ± 5 cm for the longitudinal diameter.



Interestingly, in the case of our patients who presented with AF, the measurements obtained are also comparable to the values recorded in three-dimensional transesophageal echocardiography (3D-TEE) studies, such as the Cong et al. study [12], which found an MA area of 8.86 ± 1.03 cm2 in the control group without AF, and 12.6± 0.85 cm2 in the AF + significant mitral regurgitation group; an MA circumference of 10.8 ± 0.9 cm in the control group and 13.4 ± 1.3 cm in the AF + significant MR group; a transversal diameter of 30.6 ± 2.4 mm in the control group and 32.9 ± 20.4 mm in the MR+ group; a longitudinal diameter of 36.3 ± 2.3 mm in the control group and 41.0 ± 3.8 mm in the MR + AF group. In the patients with no-to-mild mitral regurgitation, compared to moderate-to-severe mitral regurgitation, the mitral annulus dimensions were lower, as follows: a transversal diameter of 32.0 vs. 32.9 mm; a longitudinal diameter of 38.3 vs. 41.0 mm; an MV area of 9.58 vs. 12.66 cm2; a circumference of 11.5 vs. 13.4 cm [12]. The following similar results were obtained by Mihaila Baldea et al. [13], using three-dimensional transthoracic echocardiography: The MA transverse diameter was 34 mm for patients with functional mitral regurgitation and 28 mm in control subjects. The longitudinal diameter was 44 mm in patients with functional MR and 39 mm in control subjects, whilst the circumference was 12.9 mm and 11.2 mm, respectively. The MA area was 12.2 cm2 and 8.9 cm2, respectively.



Our retrospective analysis shows that the mitral annulus is enlarged in patients with left atrial dilation. While the association between left ventricular dilation and mitral annulus dilation is well understood, the same cannot be said for the mitral annulus alterations caused by left atrial dilation. In 1996, Tanimoto et al. [14] showed that left atrial enlargement increased the size of the mitral annulus. However, due to the lack of technical advancements, the mitral annular area was computed assuming elliptical geometry of the valve and using two diameters from two different echographic views. The mitral valve area was found to be 6.9 cm2 in patients with an LA diameter <45 mm and 9.2 cm2 in patients with an LA diameter >45 mm. Furthermore, the longitudinal diameter was 31 mm in the LAD <45 mm group and 35 mm in the LAD >45 mm group. The discrepancies between the results of Tanimoto and our results are most likely due to the fact that only 40.3% of Tanimoto’s patients had atrial fibrillation. It is unclear if this was paroxysmal or persistent, but the authors state that the LA diameter was 40 mm in one half of the group and 53 mm in the other half.



In addition, numerous studies have shown that left atrial enlargement itself can contribute to mitral annulus dilation. Gertz et al. [15] compared 53 patients with moderate-to-severe type I functional MR and a normal LV ejection fraction during the first AF ablation with a matched AF group with trivial/mild MR. Despite having equal LV size and function, the patients with MR exhibited significantly larger LA and MA dimensions. Persistent AF, age, and isolated MA dilatation were associated with the significance of MR. In the non-recuring AF subgroup, there was a substantial reduction in LA size (LA volume index of 28.2 cm3/m2 vs. 23.9 cm3/m2) and MA dimensions (3.41 cm vs. 3.24 cm). As a result, rather than being a result of MR, AF may be considered as a promoter of functional MR, conveying its effect through LA and MA dilatation. Another study showed that mitral annulus dilation, due to atrial remodeling in atrial fibrillation, can influence, by itself, the level of mitral regurgitation in time, in patients without any left ventricular pathology. The study included 86 patients with quantified mitral regurgitation evaluated through 3D ultrasound. A total of 53 patients had nonvalvular persistent AF without LV dysfunction or dilation, and 33 were normal controls [16]. The relationship between LA volume and MA size is likely bidirectional, as mitral valve dysfunction causes atrial stretch, with cellular and tissue alterations that can lead to fibrosis [17]. Atrial stretch leads to conduction slowing across the pulmonary veins–left atrial junction, predisposing to local reentry [18]. The effective refractory period of the left atrium is affected by heterogeneous tissue changes, which further increase the risk of atrial fibrillation. Subsequently, AF increases the LA size and mitral annulus diameter, and leads to MV dysfunction and regurgitation.



All things considered, the main mechanism of mitral annular dilation remains to be left ventricular dilation. The mechanism of mitral annulus dilation, due to left atrial dilation, is primarily biomechanical; the mitral annulus is a narrow fibrous tissue that connects the atrioventricular junction to the fibrous trigone anteromedially. Because it lacks its own contractile fibers, it is possible that it will alter its size in response to the numerous dilator and constrictor forces operating on it from both the atrium and the ventricle [19]. The constrictor forces include contraction of the supra-annular portion of the left atrium during atrial contraction, contraction of the base of the left ventricle during ventricular contraction, and papillary muscle forces acting centripetally when the mitral valve is closed, through chordae tendineae and mitral leaflets. The posterior annulus is vulnerable to traction. Enlargement of the left atrium exerts tension on the posterior mitral leaflet by displacing the posterior left atrial wall, altering the mitral annular planarity and interfering with normal mitral leaflet coaptation [20,21]. This finding is supported by a study conducted by Otsuji et al., which suggests that isolated atrial fibrillation is generally not an etiology for mitral regurgitation, despite a few cases of such an association. There is a subset of patients with AF who develop MR without LV dysfunction; in this case, the pathology is termed atrial functional mitral regurgitation. The etiologies are considered to be left atrial and mitral annular dilation associated with reduced leaflet coaptation in the context of abnormal leaflet remodeling, derangement of the MA saddle shape, or atriogenic tethering of the posterior mitral leaflet [22,23,24,25].




5. Limitations


There are, of course, certain limitations to our research. First and foremost, because all of our values are projected dimensions, there may be some sizing bias. The mitral annulus is a three-dimensional structure that cannot be defined by a single annular diameter [26]. However, Abdelghani et al. [17] established that the projected dimensions of the MA are strongly correlated with the effective annular diameter, circumference, and area. Furthermore, the differences between the 2D MA area and 3D MA area are not significant, as shown by the following: 12.2 ± 3 cm2 vs. 12.4 ± 3.1 cm2 in functional mitral regurgitation and 8.9 ± 2.1 cm2 vs. 9.2 ±2.2 cm2 [27]. Furthermore, projected values are also used to predict the size of prosthetics in minimally invasive mitral valve replacement [28]. Secondly, because the annular points were manually traced, the analysis process was tedious. The mitral annulus was automatically traced by the system, after manually defining six to eight points of the mitral plane. The software also computed the circumference and area of the MA. Last, but not least, this is a retrospective single-site study with a relatively small number of patients included; therefore, it is possible that significant correlations between the mitral valve and the size of the left atrium may not have been discovered. Furthermore, we need to corroborate our findings with a larger number of patients from multiple centers.




6. Conclusions


To summarize, there is an important correlation between mitral annulus diameters and left atrial diameters, and between left atrial volume and mitral annulus area. A regression formula can estimate the left atrial volume based on the mitral valve area. In patients with atrial fibrillation, an increase in left atrial dimensions is further associated with an increase in mitral annulus dimensions.
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Figure 1. Diameters of the mitral annulus are depicted in the image. With red color indicating transverse diameter; with green color indicating longitudinal diameter. 
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Figure 2. Assessment of mitral valve dimensions using MDCT. (A) White line shows measurement of the transverse diameter of the mitral annulus. (B) White line shows measurement of the longitudinal diameter of the mitral annulus. (C) Measurement of the mitral valve area and perimeter. The system calculates the perimeter and area based on the points defining the mitral annulus; perimeter = 12.2 cm, area = 10.8 cm2. 
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Figure 3. Simple regression analysis between mitral valve area and left atrial volume in patients with catheter ablation of atrial fibrillation. Reference line from regression equation is depicted in the image (LA volume = 12 × MV area + 50 mL). 
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Figure 4. Bland–Altman test of agreement between measured left atrial volume and predicted left atrial volume using the following formula: 12 × MV area + 50 mL. The mean difference is depicted as a red solid line and 95 confidence intervals (CI) as dashed green lines. 
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Figure 5. In multivariate analysis only the transverse diameter of the mitral valve (p = 0.004, 95% CI = 1.8–9.4) was independently associated with LA volume. 
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Table 1. Means and standard deviation for mitral annulus and left atrial dimensions.
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MITRAL ANNULUS

	
LEFT ATRIUM




	

	
Long

Diameter (mm)

	
Transversal

Diameter (mm)

	
Circumference (cm)

	
Area (cm2)

	
AP Diameter (mm)

	
LL Diameter (mm)

	
SI Diameter (mm)

	
Volume (mL)






	
Mean ± SD

	
41.9 ± 7.6

	
29.9 ± 5.3

	
15.0 ± 3.5

	
14.2 ± 4.6

	
41.1 ± 9.6

	
56.5 ± 10.7

	
48.2 ± 9.7

	
139 ± 56.3






	
Range (Min–Max)

	
23.9–57.1

	
21.3–39.4

	
9.6–23.6

	
6.4–22.0

	
26–71

	
39–88

	
27–68

	
101–349.6
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Table 2. Comparison between LA and MV diameters in both paroxysmal and persistent AF.
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	Paroxysmal AF (61)
	Persistent AF (46)
	p Value





	age
	54.05 ± 9.5 years
	58.2 ± 9.0 years
	<0.05



	Left atrium
	
	
	



	
	
AP diameter (mm)





	38.7 ± 6.4
	42.8 ± 11.2
	<0.05



	
	
LL diameter (mm)





	56.1 ± 10.5
	56.8 ± 10.9
	NS



	
	
SI diameter (mm)





	48.15 ± 10.6
	48.2 ± 8.6
	NS



	Mitral valve
	
	
	



	
	
long diameter (mm)





	43.4
	46.0 ± 8.1
	<0.05



	
	
transv diameter (mm)





	30.4
	32.8 ± 8.5
	NS







NS = not significant.
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Table 3. Correlations between LA and MA dimensions.
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	Category
	R1
	p Value





	MA longitudinal diameter—LA volume
	0.423
	0.005



	MA transversal diameter—LA volume
	0.32
	0.036



	MA circumference—LA volume
	0.535
	<0.001



	MA area—LA volume
	0.639
	<0.001



	MA long diameter—LL diameter
	0.576
	<0.001



	MA transversal diameter—AP diameter
	0.594
	<0.001



	MA long—MA transversal
	0.726
	<0.001
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