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Mitral regurgitation (MR) is one of the most frequent valvular heart diseases. The most 

common etiology of primary MR is the myxomatous degeneration of the mitral valve, en-

compassing fibroelastic deficiency and Barlow’s disease. In severe chronic primary MR, 

the presence of symptoms, reduced left ventricular ejection fraction (LVEF ≤60%) or in-

creased left ventricular (LV) end-systolic diameter are indication for mitral valve repair.1,2 

In asymptomatic patients, surgery should be considered if there is high likelihood of du-

rable mitral valve repair, low operative risk and if there is atrial fibrillation, pulmonary hy-

pertension, flail leaflet or dilated left atrium (LA) at sinus rhythm.1,2 The evidence showing 

the benefits of early surgery is accumulating. Data from a large cohort of 1512 patients 

undergoing mitral valve surgery for isolated primary MR revealed that patients who were 

operated based only on high likelihood of successful mitral valve repair had the best out-

come.3 The rationale for an early intervention is that the longstanding volume overload 

caused by severe MR may lead to irreversible LV dysfunction. LVEF is considered the pa-

rameter of reference to define LV function and to base the decision making. However, LVEF 

is a late reflector of the structural changes that MR induces, and one fifth of the patients 

with preoperative LVEF >60% still develops postoperative LV dysfunction.4 Increased inter-

stitial fibrosis has been confirmed on autopsy in severe primary MR and is considered to 

play a key role in the development of LV dysfunction.5

In the current issue of JACC Cardiovascular Imaging, Kitkungvan and colleges6 investi-

gated the associates of extracellular volume (ECV) measured with cardiovascular magnetic 

resonance (CMR) T1 mapping and focal replacement fibrosis on late gadolinium contrast 

enhanced (LGE) CMR in 424 patients with chronic primary MR and LVEF ≥50%. Patients 

were divided into two cohorts: patients with mitral valve prolapse (MVP) and patients with 

primary MR of other etiologies. Patients with MVP were slightly older and were more fre-

quently male than the patients with non-MVP, whereas patients with non-MVP had more 

frequently history of heart failure and diabetes compared to their counterparts. In terms 

of CMR findings, patients with MVP had larger LV and right ventricular dimensions, larger 

LA volumes and more severe MR as compared to patients without MVP. Patients with MVP 

showed more frequently replacement fibrosis on LGE-CMR and larger ECV values than pa-

tients without MVP. The location of LGE was most commonly located in the basal infero-

lateral and inferior wall in patients with MVP, whereas in patients without MVP the LGE 

was located in the basal septum. MVP was independently associated with the presence 

of LGE. In contrast, ECV values increased along the mitral regurgitant fraction and volume 
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presence of LGE may help to identify the patients with primary MR that are at risk of ven-

tricular arrhythmias and who could benefit from an implantable cardioverter defibrilla-

tor. The majority of the patients with MVP who present with ventricular arrhythmias or 

sudden cardiac death do not present with severe MR to operate on.12 The ongoing “Mitral 

FINDER” trial13 will provide important answers to define the role of CMR in the manage-

ment of patients with primary MR.

independently of the etiology of the primary MR and the presence of LGE. Elevated ECV 

was independently associated with symptoms related to MR and clinical events during 

follow-up. Patients with moderate and severe MR and an ECV ≥30% had higher event rates 

than their counterparts with similar grade of MR and an ECV <30%.

The use of CMR in the evaluation of patients with primary MR is gaining followers. CMR 

has an additional value to echocardiography, since it is the reference standard to quantify 

chamber dimensions and, in multiple and eccentric regurgitant jets, CMR provides better 

estimation of the MR severity than 2-dimensional echocardiography.7 However, the most 

unique feature of CMR is its capability of noninvasive myocardial tissue characterization. 

In primary MR due to MVP, Han and coworkers8 were the first to describe the associ-

ation between focal LGE in the papillary muscles and the presence of complex ventricu-

lar arrythmias. Furthermore, Basso et al.9 proposed a pathophysiological mechanism, in 

which specific morphological abnormalities of the mitral apparatus (systolic curling and 

mitral annular disjunction) generate regional myocardial stress that leads to hypertrophy 

and replacement fibrosis of the papillary muscles and adjacent myocardium providing a 

substrate for the development of malignant ventricular arrhythmia. The present results 

demonstrate that focal LV fibrosis in the inferior and inferolateral LV wall is a unique fea-

ture of MVP and is not observed in primary MR of other etiologies.6 However, the present 

study does not provide data on the association between LGE and ventricular arrhythmias. 

When evaluating diffuse structural changes of the extracellular matrix, Edwards et al.10 

described for the first time increased ECV (suggestive of diffuse interstitial fibrosis) in 35 

patients with asymptomatic moderate and severe primary MR compared to the healthy 

individuals. In the current study,6 ECV was larger in patients with MVP than in patients with 

primary MR of other etiologies and the main determinants of larger ECV were age, male 

sex and larger mitral regurgitant fraction. However, it is important to note the significant 

overlap of the ECV values across individuals with various grades of MR.

The present study provides new knowledge in primary MR: while focal replacement 

fibrosis is related to the etiology of primary MR, diffuse myocardial fibrosis is associated 

with the severity of MR. How do we use this information in clinical practice? 

The measurement of ECV may help in the timing of intervention; increased ECV has 

been associated with reduced exercise capacity as well as with greater perceived level of 

exertion in patients with primary MR.10 In addition, among asymptomatic patients with 

primary MR, increased ECV has been associated with adverse outcome.6,11 In contrast, the 

Chapter 9 Focal replacement and diffuse fibrosis in primary mitral regurgitation

9



192 193

REFERENCES

1.	 Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP, 3rd, Fleisher LA et al. 2017 AHA/ACC 

Focused Update of the 2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart 

Disease: A Report of the American College of Cardiology/American Heart Association Task Force on 

Clinical Practice Guidelines. J Am Coll Cardiol 2017;70(2):252-89.

2.	 Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ et al. 2017 ESC/EACTS Guidelines for 

the management of valvular heart disease. Eur Heart J 2017;38(36):2739-91.

3.	 Enriquez-Sarano M, Suri RM, Clavel MA, Mantovani F, Michelena HI, Pislaru S et al. Is there an out-

come penalty linked to guideline-based indications for valvular surgery? Early and long-term analy-

sis of patients with organic mitral regurgitation. J Thorac Cardiovasc Surg 2015;150(1):50-8.

4.	 Quintana E, Suri RM, Thalji NM, Daly RC, Dearani JA, Burkhart HM et al. Left ventricular dysfunction 

after mitral valve repair--the fallacy of “normal” preoperative myocardial function. J Thorac Cardio-

vasc Surg 2014;148(6):2752-60.

5.	 Fuster V, Danielson MA, Robb RA, Broadbent JC, Brown AL, Jr., Elveback LR. Quantitation of left 

ventricular myocardial fiber hypertrophy and interstitial tissue in human hearts with chronically 

increased volume and pressure overload. Circulation 1977;55(3):504-8.

6.	 Kitkungvan D, Yang EY, El Tallawi KC, Nagueh SF, Nabi F, Khan MA et al. Extracellular Volume in Pri-

mary Mitral Regurgitation. JACC Cardiovasc Imaging 2021;14(6):1146-60.

7.	 Zoghbi WA, Adams D, Bonow RO, Enriquez-Sarano M, Foster E, Grayburn PA et al. Recommendations 

for Noninvasive Evaluation of Native Valvular Regurgitation: A Report from the American Society of 

Echocardiography Developed in Collaboration with the Society for Cardiovascular Magnetic Reso-

nance. J Am Soc Echocardiogr 2017;30(4):303-71.

8.	 Han Y, Peters DC, Salton CJ, Bzymek D, Nezafat R, Goddu B et al. Cardiovascular magnetic resonance 

characterization of mitral valve prolapse. JACC Cardiovasc Imaging 2008;1(3):294-303.

9.	 Basso C, Iliceto S, Thiene G, Perazzolo Marra M. Mitral Valve Prolapse, Ventricular Arrhythmias, and 

Sudden Death. Circulation 2019;140(11):952-64.

10.	 Edwards NC, Moody WE, Yuan M, Weale P, Neal D, Townend JN et al. Quantification of left ventricular 

interstitial fibrosis in asymptomatic chronic primary degenerative mitral regurgitation. Circ Cardio-

vasc Imaging 2014;7(6):946-53.

11.	 Kitkungvan D, Yang EY, El Tallawi KC, Nagueh SF, Nabi F, Khan MA et al. Prognostic Implica-

tions of Diffuse Interstitial Fibrosis in Asymptomatic Primary Mitral Regurgitation. Circulation 

2019;140(25):2122-4.

Chapter 9 Focal replacement and diffuse fibrosis in primary mitral regurgitation

12.	 Hourdain J, Clavel MA, Deharo JC, Asirvatham S, Avierinos JF, Habib G et al. Common Pheno-

type in Patients With Mitral Valve Prolapse Who Experienced Sudden Cardiac Death. Circulation 

2018;138(10):1067-9.

13.	 Liu B, Edwards NC, Neal DAH, Weston C, Nash G, Nikolaidis N et al. A prospective study examining 

the role of myocardial Fibrosis in outcome following mitral valve repair IN DEgenerative mitral Re-

gurgitation: rationale and design of the mitral FINDER study. BMC Cardiovasc Disord 2017;17(1):282.


