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ÖZET

Sistolik fonksiyonları bozuk olan genişlemiş bir kalpte, mitral kapakta yapısal bir bozukluk olmasa bile fonksiyonel olarak yetersizlik meydana 
gelebilir. Fonksiyonel mitral yetersizliğinin gelişmesinde birçok mekanizma beraber rol alır. Bunlar, mitral kapağı kalbin apeksine doğru çeken 
kuvvetlerdeki artış, sistol sırasında kapağı kapayıcı kuvvetlerdeki azalma ve mekanik ve elektriksel dissenkronidir. Papiller adele dissenkronisi 
de fonksiyonel mitral yetersizliğine katkıda bulunan nedenlerden biridir. Sistolik kalp yetersizliği olan hastalarda -bazı durumlarda yanıt alına-
mayabilirse de- kardiyak resenkronizasyon tedavisi ile fonksiyonel mitral yetersizliğinin gerilediği bilinir. Papiller adele dissenkronisi fonksiyonel 
mitral yetersizliğinin gerilemesi bakımından kardiyak resenkronizasyon tedavisine yanıtı tahmin edebilir ve koroner revaskülarizasyon, mitral 
onarım veya kardiyak resenkronizasyon tedavisi gibi farklı tedavilerden hangisinin seçileceği ya da beraber uygulanacağı konusunda yol göste-
rici olabilir. Bu derlemede fonksiyonel mitral yetersizliğinin mekanizmaları, papiller adele dissenkronisi ve fonksiyonel mitral yetersizliği arasın-
daki ilişki, papiller adele dissenkronisi ile kardiyak resenkronizasyon tedavisi sonrası fonksiyonel mitral yetersizliğindeki gerileme arasındaki 
ilişki incelenmiştir. (Anadolu Kardiyol Derg 2011; 11: 450-5)
Anahtar kelimeler: Papiller adele dissenkronisi, fonksiyonel mitral yetersizliği, kardiyak resenkronizasyon tedavisi

ABSTRACT

In a dilated heart with impaired systolic functions, functional mitral regurgitation could be seen even in the presence of structurally normal 
mitral apparatus. A number of mechanisms play role in the development of functional mitral regurgitation. These are increased mitral tethering 
forces, reduction in closing forces and mechanical and electrical dyssynchrony. Papillary muscle dyssynchrony has also been shown to be 
related with functional mitral regurgitation. Cardiac resynchronization therapy is known to reduce the amount of functional mitral regurgitation 
in patients with left ventricular systolic failure although some may not respond to treatment with cardiac resynchronization therapy. Papillary 
muscle dyssynchrony may predict the response of cardiac resynchronization therapy on the regression of functional mitral regurgitation and 
may suggest the suitable therapeutic options, such as cardiac resynchronization therapy, mitral valve repair, coronary revascularization sepa-
rately or in combination. In this review, the mechanisms of functional mitral regurgitation, papillary muscle dyssynchrony and its relationship 
with functional mitral regurgitation and the relationship of papillary muscle dyssynchrony with the improvement of functional mitral regurgitation 
after cardiac resynchronization therapy are focused. (Anadolu Kardiyol Derg 2011; 11: 450-5)
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Introduction

In a dilated heart with impaired systolic functions, functional 
mitral regurgitation (FMR) could be seen even though the mitral 
apparatus is structurally normal. FMR is associated with 
decreased survival in patients with left ventricular systolic dys-
function and the mortality increases in parallel with the severity 
of FMR (1-4). A number of mechanisms play role in the develop-
ment of FMR. The suggested mechanisms for FMR in patients 
with left ventricular systolic dysfunction are the decrease in the 
transmitral pressure force which impairs effective mitral valve 
closure, the geometrical changes in the mitral annulus, papillary 
muscle, and mitral valve, and the dyssynchronic left ventricular 
and papillary muscle contractions (5-8). 

Medical treatment alone is often insufficient in the manage-
ment of clinically significant FMR, and additional therapy such 
as cardiac resynchronization therapy (CRT), surgical mitral valve 
repair or coronary revascularization of ischemic myocardium 
may be required. CRT reduces the amount of FMR in patients 
with left ventricular (LV) systolic failure (9-14). Studies have 
shown that the severity of FMR was correlated with the papillary 
muscle dyssynchrony (PMD) (15-18). Moreover, PMD was found 
to predict the improvement of FMR after CRT and help make the 
choice of treatment options such as CRT with or without mitral 
valve repair. PMD can also be a guiding parameter in performing 
mitral valve repair in those patients with low ejection fraction 
(EF) who are candidates for surgical coronary revascularization.

In this review, the mechanisms of FMR, PMD and its relation-
ship with FMR and the relationship of PMD with the improve-
ment of FMR after CRT are focused.

Mechanism of functional mitral regurgitation
FMR is seen secondary to structural and functional changes 

in a dilated heart (Fig. 1). The mechanisms responsible are 
increased mitral tethering forces, reduction in closing forces 
and mechanical and electrical dyssynchrony (5-8, 19-21). As the 
dilating heart becomes more spherical, the papillary muscles 

displaces outwards and towards the apex. Consequently, 
increased tethering forces enhances the traction of the mitral 
apparatus causing incomplete coaptation which occurs at a 
level closer to the apex (Fig. 2) (5). In addition, annular dilation 
further worsens the process. Impaired and dyssynchronic con-
traction of the LV, decreased dp/dt attenuates the closing force, 
thereby increases the FMR (19). Moreover, decreased longitudi-
nal myocardial contraction especially the wall underlying papil-
lary muscles also takes part in increasing tethering forces. 
Increased intraventricular electrical delay, indicated by prolon-
gation of QRS duration, also play a role in the development of 
FMR. In a previous study, moderate to severe FMR was found to 
be more common in patients with a QRS duration ≥130 ms (21).

The relationship between functional mitral regurgitation 
and papillary muscle dyssynchrony
One of the vital mechanisms causing FMR is PMD. Bundle 

branch blocks and abnormal intraventricular conduction can 
occur secondary to ventricular dilatation, scar, fibrosis and isch-
emia. In addition, impaired contraction of the papillary muscles 
itself and the adjacent myocardial segments occurs due to isch-
emia, scar or remodeling. The resulting dyssynchronic contrac-
tions of LV segments and papillary muscles play a role in the 
development of functional MR (9, 15-18, 22).

Soyama et al. (15) showed that the dyssynchrony between 
myocardial segments adjacent to papillary muscle is one of the 
responsible mechanisms for FMR. In this study with dilated car-
diomyopathy patients, the difference between time to peak 
systolic myocardial strain of myocardial segments adjacent to 
medial and lateral papillary muscles was found to be related 
with FMR. Similarly, in another recent study, regional myocardial 
dyssynchrony was found to be related with FMR (16).

Two-dimensional speckle-tracking imaging enables the angle-
independent assessment of multidirectional LV strain and differ-
entiates myocardial segments with active contraction from seg-
ments that are passively tethered (23, 24). Generally, most of the 
CRT studies regarding papillary muscle dyssynchrony and FMR 

Figure 1. Mechanisms of functional mitral regurgitation 
FMR-functional mitral regurgitation, LV-left ventricle

Figure 2. Schematic representation of the underlying mechanisms of func-
tional mitral regurgitation
FMR- functional mitral regurgitation, LA- left atria, LV- left ventricle
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have investigated the possible papillary muscle insertion regions 
on the LV in their radial and longitudinal analysis (Fig. 3A). 

In our recent publication, we used direct strain analysis of the 
papillary muscles themselves in apical 3 and 4 chamber views (18). 
Using direct strain analysis of papillary muscles, the average value 
of peak systolic longitudinal strain for each papillary muscle was 
determined. The beginning of the QRS complex was used as the 
reference point and the time to peak systolic longitudinal strain 
was quantified for each papillary muscle (Fig. 3B). For the assess-
ment of papillary muscle systolic dyssynchrony, the difference in 
the time to peak systolic longitudinal strain between anterolateral 
and posteromedial papillary muscles was calculated. Papillary 
muscle dyssynchrony measurements were significantly different 
in the various FMR levels (mild/moderate/moderate-to-severe 
FMR, 22/45/58 ms, respectively p<0.0001). We found that signifi-
cant PMD (>30 ms) was the only independent predictor of moder-
ate or moderate to-severe FMR.

Cardiac resynchronization therapy and functional mitral 
regurgitation 
The clinical effects of long-term CRT have been evaluated in 

a large number of randomized multi centre trials with crossover 
or parallel treatment assignment (9, 11, 25-29). CRT has been 
demonstrated to improve heart failure symptoms, exercise 
capacity, morbidity and mortality in patients with heart failure 
(NYHA function class III/IV LVEF<35%, QRS>120/130 ms, sinus 
rhythm) (9, 11, 29, 30). A consistent finding in the randomized 
trials designed with up to 6 months of follow-up has been an up 
to 15% absolute reduction in LV end-diastolic diameter and an 
up to 6% increase in EF following CRT (31, 32). 

CRT reduces the amount of FMR in patients with LV systolic 
failure (9-14, 33-38). Effects of CRT on FMR are acute and long-
term, due to the reverse remodeling of the LV. In the early period 
after CRT, the dyssynchrony of papillary muscles and neighbor-
ing myocardium decreases, the global systolic functions and 
consequently closing forces improve, and tethering of mitral 

apparatus lessens. Thus, improvement of FMR is seen. Long-
term improvement in FMR after CRT was brought about by LV 
reverse remodeling, global LV remodeling and improved mitral 
deformation indices (33, 34, 37, 39).

Breithardt et al. (39) studied 24 heart failure patients who were 
candidates for CRT, and the severity of FMR was found to improve 
immediately after CRT, with a reduction in effective regurgitant 
orifice area from 25±19 mm2 to 13±8 mm2 (p<0.01). Similarly, 
Kanzaki et al. (36) also demonstrated the reduction in FMR sever-
ity in the early period after CRT (regurgitant volume decreased 
from 40±20 ml to 24±17 ml p<0.01). They studied the deformation 
sequence of the papillary muscles by strain rate imaging and 
reported a direct relation between the interpapillary muscle acti-
vation time delay and the improvement in MR degree by CRT. In a 
study done by Goland et al. (40) with 32 CRT candidates, inferoan-
terior time delay by 2D radial strain >110 ms and the presence of 
non-severe MR were found to be significant predictors of 
decrease in MR after CRT. In light of these studies, acute reduc-
tion in FMR could be ascribed to the improvement of mechanical 
coordination in the myocardium underlying papillary muscles with 
the resultant resynchronization of papillary muscles.

Decrease in PMD after CRT exerts its positive effects on 
FMR early in acute phase and continues in the long run. 
Ypenburg et al. (13) reevaluated 25 patients with regressed FMR 
in the acute period after CRT after 6 months. After temporary 
interruption of CRT, acute loss of papillary muscles resynchroni-
zation and acute recurrence of FMY was seen (from 26±28 ms to 
134±51 ms; p<0.001). The improvement of MR was more promi-
nent in the acute phase after CRT but it continues in the long 
term with reverse remodeling of the ventricle. In a recent study, 
68 DCM patients with FMR (LV ejection fraction 23±8%, MR > 
grade 1+) was evaluated and followed after CRT, and the regres-
sion of FMR was seen in 43% soon after CRT but the improve-
ment was seen in 20% only after 6 months. Both groups had 
similar extent of LV dyssynchrony however, the site of latest 
activation in early responders was mostly inferior or posterior 
(adjacent to the posterior papillary muscle), whereas the lateral 
wall was the latest activated segment in late responders (41).

Patients with LV systolic dysfunction and narrow QRS com-
plexes are not indicated for CRT (42). RethinQ trial (43) showed 
that no clinical benefit in patients with QRS duration less than 130 
ms even if concomitant mechanical dyssynchrony was present 
according to standard echocardiographic parameters. However, 
Achilli et al. (44) demonstrated the improvement in FMR in 14 nar-
row QRS patients after CRT. In a recently published study from 
our institution, we used the TDI-based longitudinal strain of papil-
lary muscles, and we reported that 60 ms cut-off value of the 
papillary muscle dyssynchrony predicted the FMR volume >20 mL 
in DCM patients with narrow QRS complex (17). Evaluating of 
papillary muscle dyssynchrony may be useful in determining the 
response of CRT improvement of FMR in patients with reduced 
left ventricular function and narrow QRS intervals.

Figure 3. A-Assessment of the papillary muscle dyssynchrony by 
evaluating the dyssynchrony of adjacent myocardial segments, B- 
Assessment of papillary muscle dyssynchrony by direct calculation of 
the time to peak systolic longitudinal strain of each papillary muscle 
at apical 4- and 3-chamber views
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The usefulness of assessing papillary muscle dyssynchrony 
in the decision making of concomitant mitral valve repair in 
patients undergoing coronary bypass surgery (CABG)
Mitral valve repair for patients undergoing CABG is 

recommended in patients with severe preoperative mitral regur-
gitation (45, 46). On the other hand, the indication for concomi-
tant mitral valve repair in the patient who undergoes CABG with 
mild to moderate mitral regurgitation is still unclear. The persis-
tence of moderate FMR after isolated CABG is an important 
independent predictor of long-term mortality (47). With surgical 
revascularization, myocardial ischemia decreases and reverse 
ventricular remodeling is expected in the long run. It is hard to 
predict if the moderate mitral regurgitation will regress with 
coronary revascularization. At the same time, operative mortal-
ity is raised by mitral valve annuloplasty (48). In a study done by 
Penica et al. (49) 135 patients with low EF and moderate mitral 
regurgitation who underwent CABG without mitral valve repair 
were followed. In a 12-month follow-up, mitral regurgitation 
regressed in approximately half of the patients. Before coronary 
artery bypass graft surgery, the patients with improved mitral 
regurgitation had significantly more viable myocardium and less 
dyssynchrony between papillary muscles (<60 ms) than the fail-
ure group (p<0.001). 

Papillary muscle dyssynchrony may provide a basis for clini-
cal decision making as to whether mitral valve repair should be 
performed at the time of surgical revascularization in patients 
with moderate mitral regurgitation referred for elective CABG. 
However, more extensive studies are still needed.

Could papillary muscle dyssynchrony predict the response 
to cardiac resynchronization therapy?
A fraction of patient (approximately 30%) do not respond to 

treatment with CRT (50). The exact underlying reasons are not 
clear but some clinical and echocardiographic parameters could 
predict the lack of improvement after CRT. Ischemic etiology of 
cardiomyopathy, irreversible restrictive transmitral diastolic pat-
tern, short QRS duration (<120 ms), prolonged PR interval and 
RBBB have been shown to be the most powerful predictors 
(32, 51, 52). Another known predictor is the presence of severe 
mitral regurgitation. Cabrera-Bueno et al. (53) demonstrated that 
the presence of severe mitral regurgitation at baseline was asso-
ciated with a lack of response in reverse remodeling in patients 
with nonischemic dilated cardiomyopathy, although there was 
significant improvement in FMR and intraventricular dyssynchro-
ny. The presence of a significant volume overload due to severe 
FMR appears as a factor promoting further LV dilatation and 
blocking the LV reverse remodeling process. Surgical correction 
of mitral valve increases survival, but is associated with a rela-
tively higher risk for perioperative complications and mortality. 
Moreover, a recent retrospective analysis failed to show survival 
benefit of mitral valve repair in patients with end-stage heart fail-
ure (54). PMD could be clinically important to determine the 
patients with heart failure, whose FMR would improve after CRT.

Conclusion

PMD plays an important role in the pathophysiology of FMR 
in the patients with left ventricular systolic dysfunction resulting 
in serious morbidity and mortality, and is related with the sever-
ity of the mitral regurgitation. PMD may predict the response of 
CRT on the regression of FMR. However, a number of different 
methods have been applied for the evaluation of PMD and differ-
ent cut-off values have been found to be indicative of dyssyn-
chrony. Large-scale studies are needed to determine an accept-
able method and cut-off value for PMD. Moreover, PMD in the 
presence FMR could be a guiding tool in the evaluation of the 
effect of surgical or percutaneous revascularization on FMR, the 
decision for mitral repair or even the decision on the combined 
management with CRT, revascularization and mitral repair. The 
optimal management could be determined by large-scale stud-
ies of different treatment options in patients with FMR. 

Conflict of interest: None declared.
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