
3

II. VALVE CONSTRUCTION AND TESTING
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FIG. S2. Leaflet geometry and trimming. (a) Schematic of leaflet geometry showing central width and 2 mm extra width
on each side of annular edge. (b) Dissected native tricuspid leaflet. (c) Leaflet with marked trimming boundaries. (d) Final
trimmed leaflet. All scale bars represent 10 mm.
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FIG. S3. Artificial chordae tendineae construction. (a) Align silk suture along a Hegar dilator. (b) Position ePTFE (GORE-
TEX Suture, CV-7, TTc-13) suture perpendicular over silk. (c) Wrap ePTFE total of eight times (one for each loop) around
silk and Hegar. (d) Consolidate loops. (e) Knot silk. (f) Knot ePTFE. (g) Pass ePTFE strands twice through loops in opposite
directions (i.e., one strand towards (red) and one strand away (green) from operator) and knot both strands together after.
(h). Trim excess ePTFE. Repeat steps for total of two chorda tendinea bundles per valve. All scale bars represent 10 mm.
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FIG. S4. Live-AVV construction. (a-j) Annulus attachment. (a) Schematic of leaflet geometry with initial tagging locations
(red X), leaving 2 mm “wings” at the annular edge. (b) Leaflet positioned and tagged on annulus. (c-d) Running suture
from edge to midpoint, stopping at one-quarter circumference. (e-f) Running suture from midpoint to meet opposing suture.
(g) Remaining quarter completed. (h-j) Second leaflet tagged, sutured, and secured to complete annulus attachment. (k-
o) Commissure closure. (k) Side profile prior to closure. (l) Annulus stitch placed (red circle). (m) “Wing” stitch placed to
approximate annular edge corners (red circle). (n) Slit stitch placed 2 mm from annulus (red circle). (o-v) Chordae attachment.
(o) Schematic of chordae attachment sites along the leaflet free edge. (p-q) Central chordae attached and secured adjacent
to midpoint (red dot). (r) Additional chordae secured along same side. (t) Remaining four chordae attached to contralateral
side. (t-u) Process repeated for second chordae bundle. (v) Completed valve with chordae. For scale, the elliptical annulus
opening has a major diameter of 16 mm and minor diameter 14.4 mm, and the leaflet length is 18 mm. This leaflet length is
an illustrative example rather than the optimal construct.
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FIG. S5. In-vitro Live-AVV testing. (a) Custom built air-water interface tester. (b) Surgeon’s view of mounted valve in
air-water interface tester. (c) Custom built Live-AVV holder for ViVitro system, including exposed chordae strands used to
determine chordae length. (d) ViVitro pulse duplicator system. (e) Surgeon’s view of mounted valve in ViVitro system. All
scale bars represent 10 mm.
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III. EXTENDED IN-VITRO DATA

Figure S6 shows the extended data from the in-vitro experiments, including regurgitation, coaptation height, and

billow height data. To quantify the relationship between R, dc/`v, and db/d, as shown in Fig. 2(f), we performed an

exponential regression of the form log(R) ⇠ �1(dc/`v) + �2(db/d) + �3(dc/`v)
2

+ �4(db/d)
2

+ �5(dc/`v)(db/d). The

constants from that regression are as follows: �1 = �10.9 ± 2.54 (p < 0.001), �2 = �11.93 ± 3.27 (p = 0.001), �3 =

7.82 ± 1.93 (p < 0.001), �4 = 17.86 ± 3.63 (p < 0.001), and �5 = 10.1 ± 4.29 (p = 0.027).
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FIG. S6. Extended data from in-vitro experiments. (a) Total regurgitant fraction further classified as early systole (blue) and
late systole (orange) regurgitation. The former corresponds to the leakage during the closing of the valve and the latter refers to
the leakage once the leaflets have coapted. We note that more than half of the leakage is during early systole when R is below
the clinical threshold (horizontal black line). (b) Schematic showing the definition of coaptation height dc and billow height
db. (c) Coaptation height dc as a function of `c/(L� `v), where the horizontal black line corresponds to the clinical target of 5
mm. (d) Maximum billow height db,max, defined as the maximum billow of the two leaflets, as a function of `c/(L� `v), where
the horizontal black line corresponds to the clinical target of 3 mm.
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IV. ADDITIONAL IN-VITRO EXPERIMENTS

Additional in-vitro experiments were conducted to evaluate the e↵ects of varying key parameters that were held

constant in initial experiments. Namely, we varied loop length `L, slit length, and length from annulus to papillary

attachment location L (thus L/d). In initial experiments, chordae rupture occurred in 40% of Live-AVVs at the

shortest chordae length due to excessive tension placed on the leaflet free edge; this condition was therefore excluded

from this round of testing.

We found that loop lengths `L � d/2 demonstrated comparable regurgitant fractions and transvalvular pressures,

whereas `L < d/2, despite maintaining similar regurgitant fractions, demonstrated increased transvalvular pressures.

Reducing slit length by half did not significantly alter regurgitant fraction under conditions where valves already met

the clinical target of < 15%. However, at extreme chordae lengths, shorter slit length reduced regurgitant fraction

by approximately 50-60%. Notably, Live-AVVs that had been above the clinical threshold with the original slit

length remained above the clinical threshold even after reduction of regurgitant fraction by 50-60%. For Live-AVVs

with larger `v/d, reduction in slit length did not appreciably a↵ect transvalvular pressure; however, an increase was

observed for the smallest `v/d = 0.625, likely because the slit length was already minimal. The aspect ratio L/d used

in initial in-vitro experiments (L/d = 3.26) was large compared to what might be anatomically possible in-vivo. We

performed additional experiments with lower L/d and noticed that it increased the range of `c/(L � `v) over which

R and h�pi met the clinical targets. Therefore, the optimal geometry of `v/d and `c/(L � `v) that we found is a

suitable and conservative choice independent of L/d.
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FIG. S7. Additional Live-AVV experiments. (a) Representative image of a valve with chordae loop lengths `L/d = 1.5 (1),
1 (2), 0.5 (3), and 0.25 (4). Loops were progressively shortened on the same construct by adding silk ties at each specified
length, with repeat testing performed after each adjustment, thus testing from longest to shortest `L/d. (b-c) R and h�pi,
respectively, from experiments varying `L/d for di↵erent `v/d. (d) Image of a valve showing the slit stitch (red circle) placed
halfway down commissural length to vary the slit length. (e-f) R and h�pi, respectively, from experiments varying the slit
length for di↵erent `v/d. (g-h) R and h�pi, respectively, from experiments varying the aspect ratio L/d for di↵erent `v/d.
To vary L/d, a custom built holder was redesigned to allow chordae strands to be threaded through three discrete L values,
allowing us to test L/d = 3.26 (original design), 2.5, and 2. Scale bars in (a) and (d) represent 10 mm.
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V. BIAXIAL TESTING

Equibiaxial testing was performed to characterize the anisotropic mechanical properties of mitral valve (MV) and

tricuspid valve (TV) tissues and to quantify di↵erences in stretch behavior among individual leaflets. Testing was

conducted using a biaxial testing system (Biotester, CellScale, Waterloo, Canada). Specimens were subjected to

biaxial loading conditions selected to approximate physiologic stresses experienced by left-heart (MV) and right-heart

(TV) valves. Additional details regarding the equibiaxial testing protocol have been described previously [2, 3].

Both MV and TV tissues demonstrated nonlinear, anisotropic mechanical behavior under equibiaxial loading, as

shown in Fig. S8. Under representative physiologic loading conditions, MV leaflets stretched about 19% to 25% in

the radial direction and 9.6% to 20% in the circumferential direction. Similarly, TV leaflets stretched about 14% to

34% in the radial direction and 8.4% to 12% in the circumferential direction.

Since our optimization is based on experimental results, the stretching of the leaflets is accounted for implicitly.

The variability in stretching is then the important aspect to consider. At the membrane tensions TMV and TTV that

the mitral and tricuspid leaflets are expected to sustain for a patient approximately 2 years of age (dashed horizontal

lines in Fig. S8), the standard deviation in the radial direction for MV leaflets was 3.2% and for TV leaflets was

10%. This variability is essentially captured by the physiological variation and the associated safety factor we have

considered for finding the optimal geometry.
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FIG. S8. Biaxial testing results for mitral (MV) and tricuspid (TV) leaflet tissue. (a) Schematic showing the radial r and
circumferential ✓ directions of a valve tissue sample (rectangular) that is used for biaxial testing. (b) Radial membrane tension
Tr as a function of stretch � for MV (red) and TV (blue) samples. The solid line shows the average values calculated using
the common stretch method. The horizontal lines represent the expected membrane tensions that the MV and TV leaflets
sustain for a patient of 2.3 yrs. (c) Circumferential membrane tension T✓ as a function of �. Datasets shown in the same color
correspond to di↵erent samples and thus illustrate the variability in the results.
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