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Figure 39.1 Schematic illustration of numbered markers 
delineating the mitral annulus (gray), anterior leaflet 
perimeter (green), and posterior leaflet perimeter (red). 
Dashed red lines illustrate the effect of posterior leaflet 
folding on posterior leaflet perimeter reduction. 
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In Chapter 36 we noted that the anterior leaflet edge is roughly fixed in position throughout systole and 
in Chapter 28 that this edge position is almost independent of its interaction with the posterior leaflet. 
This suggests that effective coaptation requires the posterior leaflet to conform tightly to the edge of 
the stiff anterior leaflet. In this chapter, again employing the data in Appendix E, we suggest that the 
posterior leaflet folds are important for this task. 
 
Figure 39.1 schematically illustrates the marker-
delineated perimeters analyzed in this chapter: the 
anterior leaflet perimeter by Markers #2, 1, 4, 7, 
10, 13, and 14; the posterior leaflet scallop 
perimeter (without folding) by #2, 3, 5, 6, 8, 9, 11, 
12, and 14; the posterior leaflet perimeter (with 
folding) by #2, 3, 6, 8, 9, 12, and 14; the annular 
perimeter (LFT to RFT) by #15, 16, 17, 18, 19, 20, 
and 21; and the annular perimeter (ACOM to 
PCOM) by #16, 17, 18, 19, and 20. 
 
Figures 39.2-39.5 show three views of these 
perimeters in the open and closed valve for four 
hearts in the COM series (Appendix E). Color-coded 
sites are annular saddlehorn (#22, cyan), left 
fibrous trigone (#15, open black circle), right 
fibrous trigone (#21, open blue circle), anterior commissure for annulus (#16, yellow) and leaflets (#2, 
green), and posterior commissure for annulus (#20, magenta) and leaflets (#14, red) 
 
Figures 39.6-39.9 show the associated perimeter lengths (obtained by numerical integration along cubic 
splines through the marker coordinates) for three beats in the four COM hearts analyzed. Although it 
was impossible to predict at the time of surgery where to place the markers so as to completely capture 
posterior leaflet folding dynamics, Figures 39.6-39.9 illustrate that posterior leaflet folding during 
closure, by reducing the distance between markers #3 and 6 at the P1/P2 junction, and markers #9 and 
12 at the P2/P3 junction, allows a greater tightening of the posterior leaflet perimeter “belt” around the 
anterior leaflet perimeter. The unfolding of these regions during diastole allows almost the full scallop 
perimeter to be displayed, thereby opening the posterior portion of the valve at least as widely as the 
annular perimeter from LFT to RFT, allowing rapid inflow with minimum interference from the posterior 
leaflets. In contrast, as can be seen in Figures 39.2-39.5, the anterior leaflet basal portion does not open 
as widely, thereby preventing the direct diastolic inflow stream from entering the outflow tract, which 
could result in the inefficient collision of two flow streams in the left ventricle. 
 
The reason that this chapter is named “Suspenders” and “Belt” is that at the instant of valve closure the 
3-D geometry of the leaflets is first established by the chordae (the “Suspenders”) and then the 
posterior leaflet folds are forced toward one another and toward the anterior leaflet by LVP, which 
tightens the posterior leaflet perimeter (the “Belt”) against the anterior leaflet. The higher the left 
ventricular pressure, the greater the stiffness of the anterior leaflet (via the interplay between 
compression and tension in the saddle-shaped anterior leaflet, see Chapters 29 and 30) and the more 
forcefully the posterior leaflet “belt” is tightened about the stiff anterior leaflet perimeter (see 
additional discussion of these concepts in Chapters 26, 27, and 37).  
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Figure 39.2 Annular (black), anterior leaflet (green), and posterior leaflet (red) perimeters in the 
open (top 4 panels) and closed (bottom 4 panels) mitral valve for H1 COM07R04. Display instant at 
the frame indicated by the red dot on the blue LVP curve. LA=left atrium; LV=left ventricle; 
LAT=lateral annulus; SEP=septal annulus; ACOM=anterior commissure; PCOM=posterior 
commissure. Units in mm. See text for additional nomenclature; Figure 39.6 for perimeter graphs. 
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Figure 39.3 Annular (black), anterior leaflet (green), and posterior leaflet (red) perimeters in the 
open (top 4 panels) and closed (bottom 4 panels) mitral valve for H2 COM06R01. Display instant at 
the frame indicated by the red dot on the blue LVP curve. LA=left atrium; LV=left ventricle; 
LAT=lateral annulus; SEP=septal annulus; ACOM=anterior commissure; PCOM=posterior 
commissure. Units in mm. See text for additional nomenclature; Figure 39.7 for perimeter graphs. 
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Figure 39.4 Annular (black), anterior leaflet (green), and posterior leaflet (red) perimeters in the 
open (top 4 panels) and closed (bottom 4 panels) mitral valve for H3 COM02R02. Display instant at 
the frame indicated by the red dot on the blue LVP curve. LA=left atrium; LV=left ventricle; 
LAT=lateral annulus; SEP=septal annulus; ACOM=anterior commissure; PCOM=posterior 
commissure. Units in mm. See text for additional nomenclature; Figure 39.8 for perimeter graphs. 
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Figure 39.5 Annular (black), anterior leaflet (green), and posterior leaflet (red) perimeters in the 
open (top 4 panels) and closed (bottom 4 panels) mitral valve for H6 COM04R01. Display instant at 
the frame indicated by the red dot on the blue LVP curve. LA=left atrium; LV=left ventricle; 
LAT=lateral annulus; SEP=septal annulus; ACOM=anterior commissure; PCOM=posterior 
commissure. Units in mm. See text for additional nomenclature; Figure 39.9 for perimeter graphs. 
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Figure 39.6 Mitral annular (LFT to RFT, dashed black; ACOM to PCOM, solid black), anterior 
leaflet (green), and posterior leaflet (with folding, solid red; without folding, dashed red) 
perimeters vs. left ventricular pressure (LVP, blue) for H1 COM07R04. 

 
Figure 39.7 Mitral annular (LFT to RFT, dashed black; ACOM to PCOM, solid black), anterior 
leaflet (green), and posterior leaflet (with folding, solid red; without folding, dashed red) 
perimeters vs. left ventricular pressure (LVP, blue) for H2 COM06R01. 
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Figure 39.8 Mitral annular (LFT to RFT, dashed black; ACOM to PCOM, solid black), anterior 
leaflet (green), and posterior leaflet (with folding, solid red; without folding, dashed red) 
perimeters vs. left ventricular pressure (LVP, blue) for H3 COM02R02. 

 
Figure 39.9 Mitral annular (LFT to RFT, dashed black; ACOM to PCOM, solid black), anterior 
leaflet (green), and posterior leaflet (with folding, solid red; without folding, dashed red) 
perimeters vs. left ventricular pressure (LVP, blue) for H6 COM04R01. 
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