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CHAPTER 07  ANTERIOR LEAFLET CHORDAL SAFETY NET 
 
In Chapters 03-06 we provided evidence that one function of the strut chords was to set the annular half 
of the anterior leaflet into a specific initial 3D geometric configuration (stiff hyperbolic paraboloid 
“saddle” shape, radially convex, circumferentially concave to the LV) at the time of the initial systolic 
increase of LVP, after which the leaflet becomes locked into this rigid 3D configuration by LVP loading 
throughout the rest of systole. In this chapter, we provide evidence for another important role for the 
strut chordae, namely, to prevent the anterior mitral leaflet, particularly its leading edge, from 
encroaching beyond a certain point into the LV outflow tract during LV filling. 

Figure 7.1 displays the distance between the anterior leaflet edge markers #38, #43, #44, #45, and #46 
and a plane formed by the marker triplets APT-SH-PPT (#31-#22-#33) during a representative cardiac 
cycle for each of the six hearts (H1-H6). If, by definition, we arbitrarily consider the APT-SH-PPT plane as 
a divider between the LV inflow and outflow tracts, then if the distance from this plane to an edge 
marker is positive, this edge site will be considered in the LV inflow region; if negative, the site will be 
considered in the LV outflow region. 

If the anterior leaflet edge regions were to protrude sufficiently into the LV outflow region at the 
beginning of each beat, then the rapidly rising LVP could (catastrophically) drive the anterior leaflet 
toward the LV septum (toward valve opening), rather than away from the LV septum (toward valve 
closure). This is the basis for the systolic anterior motion (SAM) complication that can follow mitral valve 
repair operations.  

Figure 7.1 shows that in hearts H1-H6 the leaflet edges are driven briefly as much as 10 mm into the 
outflow tract region (so-defined) by the rapid flow accompanying maximum early LV filling. As such early 
filling wanes, however, the leaflet edges tend to drift back into the inflow region, driven perhaps by 
vortices behind the leaflets and/or other flow fields, as well as the continuous small pull on the leaflet 
belly by the strut chords bringing the leaflet back toward closure. Any subsequent A-wave filling pulse 
will drive the leaflet edges back towards (and sometimes into) the outflow tract region.   

Table 7.1 shows the position of each edge marker for the frame corresponding to the onset of LV rapid 
pressure rise for the beats shown in Figure 7.1. Note that the mean distance was uniformly positive, 

with only 4 of 30 
regions dipping a 
few mm into the 
outflow region at 
this time. The 
greatest excursion 
into the outflow 
tract was -2.7 mm 
by H6 marker #46, 
although H3 
dipped briefly into 
outflow tract 

territory during IVC, at the onset of LV rapid pressure rise. Thus, the physical network of taut strut 
chords, along with the prevailing flow patterns inside the LV, appear to provide conditions that assure 
that the anterior leaflet edges remain in the inflow region, thus will swing towards closure when left 
ventricular pressure begins to increase at the beginning of each beat, with the resulting trace 
regurgitant flow driving the edges on toward the closed position. 
 

TABLE 7.1 EDGE MARKER DISTANCE (mm) TO APT-SH-PPT PLANE AT LVP ONSET 
HEART Z38 Z43 Z44 Z45 Z46 

H1 7.2 1.1 2.4 6.2 4.3 
H2 3.5 2.7 3.4 5.1 2.3 
H3 0.7 0.6 -0.3 2.0 -0.9 
H4 0.6 0.8 1.4 0.7 -1.6 
H5 2.8 4.6 6.3 1.9 0.0 
H6 0.6 0.5 1.3 0.9 -2.7 

HIGH 7.2 4.6 6.3 6.2 4.3 
LOW 0.6 0.5 -0.3 0.7 -2.7 

MEAN 2.6 1.7 2.4 2.8 0.2 
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Figure 7.3. Illustration showing primary chord lengths 
during hypothetical anterior leaflet diastolic opening 
excursions. SH=saddlehorn; S=anterior leaflet edge 
during systole; D1,D2=anterior leaflet edge during 
diastole; PT=papillary tip; dashed lines primary 
chordae from PT to S,D1,&D2.  

We ascribe the bulk of this safety net function to the secondary (strut) chordae, rather than the primary 
(edge) chordae because of the data in Figure 7.2 showing the distances 3143, 3144, 3345, and 3346 
between the APT marker (#31) and two anterior leaflet edge markers (#43 and #44), and the PPT marker 
(#33) and two anterior leaflet edge markers (#45 and #46) during a representative cardiac cycle in hearts 
H1-H6. Because these distances are spanned by edge chordae radiating from the papillary tips to the 
anterior leaflet edge either directly and/or as branches from strut chordae, we refer to them here as 
“chord lengths”. Note that such chord lengths are not reduced significantly as left ventricular pressure 
drops from high systolic values to low diastolic values during IVR, strongly suggesting that such chordae, 
are stretched very little by maximum systolic LVP. Thus, rather than shortening as LVP falls during 
isovolumic relaxation, they would buckle, unlike the strut chords that have been shown to be in 
continuous (albeit small) tension. 
 
If the opening leaflet swung open widely during 
diastole and its excursion was to be limited by the 
primary chordae, we would expect to see the chord 
lengths in Figure 7.2 (after buckling at MVO) rapidly 
re-lengthen during rapid filling back to their systolic 
lengths. This is illustrated schematically in Figure 
7.3, where an initially taut edge chord (red, 
dashed) from a papillary tip (PT) to an anterior 
leaflet edge (S) during systole, buckles at diastolic 
anterior leaflet edge position D1 (blue, dashed), 
then re-lengthens to its systolic length if the 
anterior leaflet edge continues opening to position 
D2 where its excursion is limited by the re-
lengthened chord (green, dashed). We see such re-
lengthening behavior in only one region, 3144, in 
one heart, H3, and even this only partially, as this 
chord does not achieve its full systolic length during 
diastole. Thus, as only 1 of 24 sites in these 6 hearts 
exhibited behavior that could be ascribed only 
partly to primary edge chordae, we conclude that 
the important safety net keeping the anterior 
leaflet edges out of the outflow tract during 
diastole involves the strut chordae, not the buckled 
primary edge chordae. 
 
Further evidence as to why the primary chordae almost certainly do not limit anterior leaflet edge 
excursion can be seen in Figures 5.2A-F. Note, in these figures, that the widely open anterior leaflet 
becomes almost planar, with the APT and PPT sites nearly lying in this plane. For the primary chords to 
limit anterior leaflet edge excursion, anterior leaflet rotation (clockwise in Figures 5.2A-F) would have to 
be much greater than we have observed in these experiments. Referring to Figure 7.3, we typically see 
the anterior leaflet edge suspended in a line between the SH and the PT, as in D1, virtually never see the 
anterior leaflet edge continue to open to position D2, i.e., widely into the outflow tract, where its 
excursion would be limited by primary chords. That is not to say that the primary chords never limit 
anterior leaflet edge excursions, only that this is not their normal role…but they could be counted on to 
serve this role in possibly extreme conditions.  
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Figure 7.1 Distance of anterior leaflet edge markers #43 (green), #44 (magenta), #45 (blue), and #46 (brown) from APT-SH-PPT 
(#31-#22-#33) plane during a representative cardiac cycle in hearts H1-H6. Left ventricular pressure (LVP, black); MVO=time of 
mitral valve opening; MVC=time of mitral valve closing. 
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Figure 7.2 Distance (3143 (magenta), 3144 (red), 3345 (blue), and 3346 (brown)) between the APT marker (#31) and two 
anterior leaflet primary chord edge markers (#43 and #44), and the PPT marker (#33) and two anterior leaflet primary chord 
edge markers (#45 and #46) during a representative cardiac cycle in hearts H1-H6. Left ventricular pressure (LVP, black); 
MVO=time of mitral valve opening; MVC=time of mitral valve closing. 
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